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ABOUT THIS MANUAL 

One of the major problems facing workers in the electronics field is the 
identification and selection of semiconductor devices. Type numbers them
selves are of little value since they indicate neither device parameters nor ap
plications. Because it is difficult even to identify the many thousands of.de
vice type numbers, let alone evaluate their merits for a particular application, 
engineers often limit their designs to a few well-known device types - - despite 
the fact that newer or more suitable devices may be available. 

This manual covers the entire line of Motorola semiconductor products 
one of the most extensive in the industry. It includes specifications for semi
conductor devices, including zener and reference diodes, rectifiers, varactors, 
voltage-variable capacitors, controlled rectifiers, transistors, integrated cir
cuits and a variety of other standard and special devices that make up today's 
semiconductor complement. It is intended to simplify the selection of the 
most useful type numbers for a given application. Accordingly, it contains 
a number of selector charts, as well as pertinent electrical specifications for 
the Motorola product line. Properly used, it can be a useful toolforthe design 
engineer, the component engineer, and the purchasing agent in narrowing the 
broad categories of potentially useable components to those best suited for a 
specific project. 
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HOW TO USE THE MOTOROLA SEMICONDUCTOR DATA MANUAL 

The manual is designed to serve three specific functions: 

1. To permit quick selection of the most suitable devices for a specific 
application; 

2. To permit quick selection of the devices that best meet a given set of 
electrical specifications; 

3. To permit quick identification of a particular device number. 

To accomplish this, the manual is divided into 10 main sections: 

1. Zener diodes, temperature compensated reference diodes and refer-
ence amplifiers 

2. Rectifiers 
3. Varactors, voltage-variable capacitors, 4-layer diodes and RF diodes 
4. Silicon controlled rectifiers and gate controlled switches 
5. Power transistors 
6. Low-power, low-frequency transistors 

7. High-frequency transistors 

8. Special and multiple transistors 

9. Circuit assemblies 
10. Integrated circuits. 

Each of these sections contains data-sheet specifications of suitable device 
types, preceded by applicable selection charts. 

An introductory section in the front of the book contains general data such 
as a complete numerical-alphabetical listing of device types, military device 
type listings, Meg-A-Life and Meg-A-Life II high-reliability device listings 
and case outlines. 

HOW TO SOLVE YOUR SEMICONDUCTOR DEVICE SELECTION PROBLEMS 

1. Known: Device type number 

Needed Information: Identification, applications, and specifications 

Procedure: Locate device type number in numerical - alphabetical 
listing (Page 1-2) and turn to the page number given for complete data. 

2. Known: Desired application or device parameters. 

Needed Information: Specific type numbers of devices to fit known 
application or parameters. 

Procedure: Turn to subsection covering desired devices, (e.g., tran
sistors; low-frequency, high-power). Consult appropriate Quick Sel
lection Chart for device types recommended for your application, or 
units closely approaching the required parameters. Locate device 
type number listed in alphabetical-numerical order within subsection 
for more detailed specifications. 
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-- Alpha-Numerical Device Listing --

DEVICE INDEX 

The semiconductor devices listed in this manual are arranged in product 
groups such as high-frequency transistors, zener diodes and integrated cir -
cuits. While this arrangement should best serve the needs of most users of 
this manual, there are occasions when it will be necessary to locate a device 
known only by type number. The following index, arranged in alpha-numeric 
order, will fill this need. 

DEVICE LISTING 

Device Type Page Device Type Page Device Type Page 

1/4M2,4AZ 2-6 1/4M6.8Z 2-6 1/4M17Z 2-6 
l/4M2. 7AZ 2-6 l/4M7. 5Z 2-6 1/4Ml8Z 2-6 
1/4M3. OAZ 2-6 1/4M8.2Z 2-6 1/4Ml9Z 2-6 
1/4M3. 3AZ 2-6 1/4M9. lZ 2-6 l/4M20Z 2-6 
1/4M3. 6AZ 2-6 1/4MlOZ 2-6 1/4M22Z 2-6 
1/4M3. 9AZ 2-6 l/4Ml1Z 2-6 l/4M24Z 2-6 
1/4M4.3AZ 2-6 1/4M12Z 2-6 1/4M25Z 2-6 
1/4M4. 7AZ 2-6 1/4M13Z 2-6 1/4M27Z 2-6 
1/4M5.1AZ 2-6 1/4M14Z 2-6 1/4M30Z 2-6 
1/4M5. 6AZ 2-6 1/4M15Z 2-6 1/4M33Z 2-6 
1/4M6.2AZ 2-6 1/4M16Z 2-6 1/4M36Z 2-6 
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-- Alpha-Numerical Device Listing --

DEVICE LISTING (continued) 

Device Type Page Device Type Page Device Type Page 

1/4M39Z 2-6 3/4M82Z 2-17 1M3. 9ZS 2-28 
1/4M43Z 2-6 3/4M91Z 2-17 1M4. 3ZS 2-28 
1/4M45Z 2-6 3/4MlOOZ 2-17 1M4. 7ZS 2-28 
1/4M47Z 2-6 3/4MllOZ 2-17 1M5. lZS 2-28 
1/4M50Z 2-6 3/4M120Z 2-17 1M5. 6ZS 2-28 
l/4M52Z 2-6 3/4Ml30Z 2-17 1M6.2ZS 2-28 
1/4M56Z 2-6 3/4M150Z 2-17 1M6. 8ZS 2-28 
1/4M62Z 2-6 3/4M160Z 2-17 1M7. 5ZS 2-28 
1/4M68Z 2-6 3/4M180Z 2-17 1M8.2ZS 2-28 
1/4M75Z 2-6 3/4M200Z 2-17 1M9. lZS 2-28 
1/4M82Z 2-6 1M6. 8Z 2-17 lMlOZS 2-28 
1/4M91Z 2-6 1M7. 5Z 2-17 lMllZS 2-28 
1/4M100Z 2-6 1M8. 2Z 2-17 1M12ZS 2-28 
1/4M105Z 2-6 1M9. lZ 2-17 1M13ZS 2-28 
1/4MllOZ 2-6 lMlOZ 2-17 1M15ZS 2-28 
1/4M120Z 2-6 lMllZ 2-17 1M16ZS 2-28 
1/4M130Z 2-6 1M12Z 2-17 1M18ZS 2-28 
1/4M140Z 2-6 1M13Z 2-17 1M20ZS 2-28 
1/4M150Z 2-6 1M15Z 2-17 1M22ZS 2-28 
1/4M175Z 2-6 1Ml6Z 2-17 1M24ZS 2-28 
1/4M200Z 2-6 1Ml8Z 2-17 1M27ZS 2-28 
3/4M6. 8Z 2-17 1M20Z 2-17 1M30ZS 2-28 
3/4M7. 5Z 2-17 1M22Z 2-17 1M33ZS 2-28 
3/4M8. 2Z 2-17 1M24Z 2-17 1M36ZS 2-28 
3/4M9. lZ 2-17 1M27Z 2-17 1M39ZS 2-28 
3/4M10Z 2-17 1M30Z 2-17 1M43ZS 2-28 
3/4M11Z 2-17 1M33Z 2-17 1M47ZS 2-28 
3/4M12Z 2-17 1M36Z 2-17 1M51ZS 2-28 
3/4Ml3Z 2-17 1M39Z 2-17 1M56ZS 2-28 
3/4M13Z 2-17 1M43Z 2-17 1M62ZS 2-28 
3/4M15Z 2-17 1M47Z 2-17 1M68ZS 2-28 
3/4M16Z 2-17 1M51Z 2-17 1M75ZS 2-28 
3/4M18Z 2-17 1M56Z 2-17 1M82ZS 2-28 
3/4M20Z 2-17 1M62Z 2-17 1M91ZS 2-28 
3/4M22Z 2-17 1M68Z 2-17 lMlOOZS 2-28 
3/4M24Z 2-17 1M75Z 2-17 1. 5M6. 8Z 2-22 
3/4M27Z 2-17 1M82Z 2-17 1. 5M7. 5Z 2-22 
3/4M30Z 2-17 1M91Z 2-17 1. 5M8.2Z 2-22 
3/4M33Z 2-17 lMlOOZ 2-17 1. 5M9.1Z 2-22 
3/4M36Z 2-17 lMllOZ 2-17 1. 5M10Z 2-22 
3/4M39Z 2-17 1M120Z 2-17 1. 5M11Z 2-22 
3/4M43Z 2-17 1M130Z 2-17 1. 5M12Z 2-22 
3/4M47Z 2-17 1M150Z 2-17 1. 5Ml3Z 2-22 
3/4M51Z 2-17 1M160Z 2-17 1. 5M15Z 2-22 
3/4M56Z 2-17 1M180Z 2-17 1. 5Ml6Z 2-22 
3/4M62Z 2-17 1M200Z 2-17 1. 5Ml8Z 2-22 
3/4M68Z 2-17 1M3. 3ZS 2-28 1. 5M20Z 2-22 
3/4M75Z 2-17 1M3. 6ZS 2-28 1. 5M22Z 2-22 
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-- Alpha-Numerical Device Listing --

DEVICE LISTING (continued) 

Device Type Page Device Type Page Device Type Page 

1. 5M24Z 2-22 10M30Z 2-15 50M45Z 2-13 
1. 5M24Z 2-22 10M33Z 2-15 50M47Z 2-13 
1. 5M27Z 2-22 10M36Z 2-15 50M50Z 2-13 
1. 5M30Z 2-22 10M39Z 2-15 50M51Z 2-13 
1. 5M33Z 2-22 10M43Z 2-15 50M52Z 2-13 
1. 5M36Z 2-22 10M47Z 2-15 50M56Z 2-13 
1. 5M39Z 2-22 10M50Z 2-15 50M62Z 2-13 
1. 5M43Z 2-22 10M51Z 2-15 50M68Z 2-13 
1. 5M47Z 2-22 10M52Z 2-15 50M75Z 2-13 
1. 5M51Z 2-22 10M56Z 2-15 50M82Z 2-13 
1. 5M56Z 2-22 10M62Z 2-15 50M91Z 2-13 
1. 5M62Z 2-22 10M68Z 2-15 50MlOOZ 2-13 
1. 5M68Z 2-22 10M75Z 2-15 50Ml05Z 2-13 
1. 5M75Z 2-22 10M82Z 2-15 50MllOZ 2-13 
1. 5M82Z 2-22 10M91Z 2-15 50Ml20Z 2-13 
1. 5M91Z 2-22 lOMlOOZ 2-15 50M130Z 2-13 
L5MlOOZ 2-22 10Ml05Z 2-15 50Ml40Z 2-13 
1. 5MllOZ 2-22 lOMllOZ 2-15 50Ml50Z 2-13 
L5Ml20Z 2-22 10Ml20Z 2-15 50Ml60Z 2-13 
1. 5Ml30Z 2-22 10M130Z 2-15 50Ml 75Z 2-13 
L 5M150Z 2-22 10M140Z 2-15 50Ml80Z 2-13 
1. 5Ml60Z 2-22 10M150Z 2-15 50M200Z 2-13 
1. 5Ml80Z 2-22 10Ml60Z 2-15 1N248B 3-8 
1. 5M200Z 2-22 10M180Z 2-15 1N248C 3-8 
10M3. 9AZ 2-24 10M200Z 2-15 1N249B 3-8 
10M4. 3AZ 2-24 50M6. 8Z 2-13 1N249C 3-8 
10M4. 7AZ 2-24 50M7. 5Z 2-13 1N250B 3-8 
10M5.1AZ 2-24 50M8. 2Z 2-13 1N250C 3-8 
10M5. 6AZ 2-24 50M9. lZ 2-13 1N429 2-31 
10M6. 2AZ 2-24 50M10Z 2-13 1N702 2-8 
10M6. 8AZ 2-24 50M11Z 2-13 1N703 2-8 
10M7. 5AZ 2-24 50Ml2Z 2-13 1N704 2-8 
10M6. 8Z 2-15 50M13Z 2-13 1N705 2-8 
10M7. 5Z 2-15 50M14Z 2-13 1N706 2-8 
10M8. 2Z 2-15 50Ml5Z 2cl3 1N707 2-8 
10M9. lZ 2-15 50Ml6Z 2-13 1N708 2-8 
lOMlOZ 2-15 50Ml 7Z 2-13 1N709 2-8 
lOMllZ 2-15 50Ml8Z 2-13 1N710 2-8 
10Ml2Z 2-15 50Ml9Z 2-13 1N711 2-8 
10Ml3Z 2-15 50M20Z 2-13 1N712 2-8 
10M14Z 2-15 501VI22Z 2-13 1N713 2-8 
10M15Z 2-15 50M24Z 2-13 1N714 2-8 
10Ml6Z 2-15 50M25Z 2-13 1N715 2-8 
10Ml8Z 2-15 50M27Z 2-13 1N716 2-8 
10Ml9Z 2-15 50M30Z 2-13 1N717 2-8 
10M20Z 2-15 50M33Z 2-13 1N718 2-8 
10M22Z 2-15 50M36Z 2-13 1N719 2-8 
10M24Z 2-15 50M39Z 2-13 1N720 2-8 
10M27Z 2-15 501VI43Z 2-13 1N721 2-8 
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-- Alpha-Numerical Device Listing --

DEVICE LISTING (continued) 

Device Type Page Device Type Page Device Type Page 

1N722 2-8 1N823 2-31 1N969 2-9 
1N723 2-8 1N823A 2-31 1N970 2-9 
1N724 2-8 1N825 2-31 1N971 2-9 
1N725 2-8 1N825A 2-31 1N972 2-9 
1N726 2-8 1N827 2-31 1N973 2-9 
1N727 2-8 1N827A 2-31 1N974 2-9 
1N728 2-8 1N829 2-31 1N975 2-9 
1N729 2-8 1N829A 2-31 1N976 2-9 
1N730 2-8 1N935 2-31 1N977 2-9 
1N731 2-8 1N935A 2-31 1N978 2-9 
1N732 2-8 1N935B 2-31 1N979 2-9 
1N733 2-8 1N936 2-31 1N980 2-9 
1N734 2-8 1N936A 2-31 1N981 2-9 
1N735 2-8 1N936B 2-31 1N982 2-9 
1N736 2-8 1N937 2-31 1N983 2-9 
1N737 2-8 1N937A 2-31 1N984 2-9 
1N738 2-8 1N938 2-31 1N985 2-9 
1N739 2-8 1N938A 2-31 1N986 2-9 
1N740 2-8 1N938B 2-31 1N987 2-9 
1N741 2-8 1N939 2-31 1N988 2-9 
1N742 2-8 1N939A 2-31 1N989 2-9 
1N743 2-8 1N939B 2-31 1N990 2-9 
1N744 2-8 1N941 2-31 1N991 2-9 
1N745 2-8 1N941A 2-31 1N992 2-9 
1N746 2-8 1N941B 2-31 1N1124 3-10 
1N747 2-8 1N942 2-31 1N1124A 3-10 
1N748 2-8 1N942A 2-31 1N1125 3-10 
1N749 2-8 1N942B 2-31 1Nl125A 3-10 
1N750 2-8 1N943 2-31 1N1126 3-10 
1N751 2-8 1N943A 2-31 1Nll26A 3-10 
1N752 2-8 1N943B 2-31 1N1127 3-10 
1N753 2-8 1N944 2-31 1N1127A 3-10 
1N754 2-8 1N944A 2-31 1N1128 3-10 
1N755 2-8 1N944B 2-31 1N1128A 3-10 
1N756 2-8 1N945 2-31 1Nll83 3-10 
1N757 2-8 1N945A 2-31 1Nl184 3-10 
1N758 2-8 1N945B 2-31 1Nl185 3-10 
1N759 2-8 1N957 2-9 1Nl186 3-10 
1N761 2-9 1N958 2-9 1Nl187 3-10 
1N762 2-9 1N959 2-9 1Nl188 3-10 
1N763 2-9 1N960 2-9 1Nl189 3-10 
1N764 2-9 1N961 2-9 1Nl190 3-10 
1N765 2-9 1N962 2-9 lNl 191 3-8 
1N766 2-9 1N963 2-9 1Nl192 3-8 
1N767 2-9 1N964 2-9 1Nl193 3-8 
1N768 2-9 1N965 2-9 1N1194 3-8 
1N769 2-9 1N966 2-9 1Nll95 3-8 
1N821 2-31 1N967 2-9 1Nll95A 3-8 
1N821A 2-31 1N968 2-9 1Nll96 3-8 
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-- Alpha-Numerical Device Listing --· 

DEVICE LISTING (continued) 

Device Type Page Device Type Page Device Type Page 

1Nl196A 3-8 1Nl511 2-11 1N1605 2-11 
1Nl197 3-8 1N1512 2-11 1Nl606 2-11 
1Nl197A 3-8 1Nl513 2-11 1Nl607 2-11 
1Nl198 3-8 1Nl514 2-11 1Nl608 2-11 
1Nll98A 3-8 1N1515 2-11 1Nl609 2-11 
1N1313 2-10 1N1516 2-11 1N1730 4-20 
1N1314 2-10 1N1517 2-11 1N1731 4-20 
1N1315 2-10 1Nl518 2-11 1N1732 4-20 
1N1316 2-10 1N1519 2-11 1N1733 4-20 
1N1317 2-10 1N1520 2-11 1N1734 4-20 
1N1318 2-10 1Nl521 2-11 1Nl735 2-31 
1N1319 2-10 1N1522 2-11 lNl 736 2-31 
1Nl320 2-10 1N1523 2-11 1N1736A 2-31 
1N1321 2-10 1Nl524 2-11 1N1737 2-31 
1N1322 2-10 1N1525 2-11 1N1737A 2-31 
1N1323 2-10 1N1526 2-11 1N1738 2-31 
1N1324 2-10 1Nl527 2-11 1N1738A 2-31 
1N1325 2-10 1N1528 2-11 lNl 739 2-31 
1N1326 2-10 1Nl530 2-31 1N1739A 2-31 
1Nl327 2-10 1N1530A 2-31 1N1740 2-31 
1N1351 2-10 1Nl563 3-12 1N1740A 2-31 
1N1352 2-10 1Nl563A 3-12 1N1741 2-31 
1N1353 2-10 1Nl564 3-12 1N1741A 2-31 
1Nl354 2-10 1Nl564A 3-12 1N1742 2-31 
1Nl355 2-10 1Nl565 3-12 1N1742A 2-31 
1N1356 2-10 1Nl565A 3-12 1N1765 2-11 
1N1357 2-10 1N1566 3-12 1N1766 2-11 
1N1358 2-10 1Nl566A 3-12 lNl 767 2-11 
1N1359 2-10 1Nl567 3-12 1N1768 2-11 
1Nl360 2-10 1Nl567A 3-12 lNl 769 2-11 
1N1361 2-10 1N1568 3-12 1N1770 2-11 
1N1362 2-10 1N1568A 3-12 1N1771 2-11 
1N1363 2-10 1N1588 2-11 lNl 772 2-11 
1Nl364 2-10 1N1589 2-11 1N1773 2-11 
1N1365 2-10 1N1590 2-11 1N1774 2-11 
1Nl366 2-10 1Nl591 2-11 lNl 775 2-11 
1N1367 2-10 1Nl592 2-11 1N1776 2-11 
1N1368 2-10 1Nl593 2-11 1N1777 2-11 
1N1369 2-10 1N1594 2-11 1N177B 2-11 
1N1370 2-10 1Nl595 2-11 1N1779 2-11 
1Nl371 2-10 1N1596 2-11 1N1780 2-11 
1N1372 2-10 1N1597 2-11 1N17Bl 2-11 
1Nl373 2-10 1N1598 2-11 1Nl782 2-11 
1Nl374 2-10 1N1599 2-11 1N1783 2-11 
1N1375 2-10 1N1600 2-11 1N1784 2-11 
1N1507 2-11 1Nl601 2-11 1Nl785 2-11 
1N1508 2-11 1Nl602 2-11 1N1786 2-11 
1N1509 2-11 1Nl603 2-11 lNl 787 2-11 
1Nl510 2-11 1Nl604 2-11 1N1788 2-11 
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-- Alpha-Numerical Device Listing --

DEVICE LISTING (continued) 

Device Type Page Device Type Page Device Type Page 

lNl 789 2-11 1N2009 2-12 1N2623B 2-31 
lNl 790 2-11 1N2010 2-12 1N2624 2-31 
1Nl791 2-11 1N2011 2-12 1N2624A 2-31 
1Nl792 2-11 1N2012 2-12 1N2624B 2-31 
1Nl793 2-11 1N2032 2-12 1N2765 2-31 
1Nl794 2-11 1N2033 2-12 1N2765A 2-31 
1Nl795 2-11 1N2034 2-12 1N2766 2-31 
1Nl796 2-11 1N2035 2-12 1N2766A 2-31 
1Nl797 2-11 1N2036 2-12 1N2767 2-31 
1Nl798 2-11 1N2037 2-12 1N2767A 2-31 
1Nl799 2-11 1N2038 2-12 1N2768 2-31 
1Nl800 2-11 1N2039 2-12 1N2768A 2-31 
1Nl801 2-11 1N2040 2-12 1N2769 2-31 
1Nl802 2-11 1N2041 2-12 1N2769A 2-31 
1Nl803 2-12 1N2042 2-12 1N2770 2-31 
1Nl804 2-12 1N2043 2-12 1N2770A 2-31 
1Nl805 2-12 1N2044 2-12 1N2804 2-13 
1Nl806 2-12 1N2045 2-12 1N2805 2-13 
1Nl807 2-12 1N2046 2-12 1N2806 2-13 
1Nl808 2-12 1N2047 2-12 1N2807 2-13 
1Nl809 2-12 1N2048 2-12 1N2808 2-13 
1Nl810 2-12 1N2049 2-12 1N2809 2-13 
1Nl811 2-12 1N2382 4-20 1N2810 2-13 
1Nl812 2-12 1N2383 4-20 1N2811 2-13 
1Nl813 2-12 1N2384 4-20 1N2812 2-13 
1Nl814 2-12 1N2385 4-20 1N2813 2-13 
1Nl815 2-12 1N2498 2-12 1N2814 2-13 
1N1816 2-12 1N2499 2-12 1N2815 2-13 
1Nl817 2-12 1N2500 2-12 1N2816 2-13 
1N1818 2-12 1N2609 3-13 1N2817 2-13 
1Nl819 2-12 1N2610 3-13 1N2818 2-13 
1Nl820 2~ 12 1N2611 3-13 1N2819 2-13 
1Nl821 2-12 1N2612 3-13 1N2820 2-13 
1Nl822 2-12 1N2613 3-13 1N2821 2-13 
1N1823 2-12 1N2614 3-13 1N2822 2-13 
1N1824 2-12 1N2615 3-13 1N2823 2-13 
1N1825 2-12 1N2616 3-13 1N2824 2-13 
1N1826 2-12 1N2617 3-13 1N2825 2-13 
1N1827 2-12 1N2620 2-31 1N2826 2-13 
1Nl828 2-12 1N2620A 2-31 1N2827 2-13 
1Nl829 2-12 1N2620B 2-31 1N2828 2-13 
1Nl830 2-12 1N2621 2-31 1N2829 2-13 
1Nl831 2-12 1N2621A 2-31 1N2830 2-13 
1Nl832 2-12 1N2621B 2-31 1N2831 2-13 
1Nl833 2-12 1N2622 2-31 1N2832 2-13 
1Nl834 2-12 1N2622A 2-31 1N2833 2-13 
1Nl835 2-12 1N2622B 2-31 1N2834 2-13 
1Nl836 2-12 1N2623 2-31 1N2835 2-13 
1N2008 2-12 1N2623A 2-31 1N2836 2-13 
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Device Type Page Device Type Page Device Type Page 

1N2837 2-13 1N3009 2:-15 1N3157 2-31 
1N2838 2-13 1N3010 2-15 1N3157A 2-31 
1N2839 2..:13 1N3011 2-15 1N3189 3-13 
1N2840 2-13 1N3012 2-15 1N3190 3-13 
1N2841 2-13 1N3013 2-15 1N3191 3-13 
1N2842 2-13 1N3014 2-15 1N3208 3-13 
1N2843 2-13 1N3015 2-15 1N3209 3-13 
1N2844 2-13 1N3016 2-17 1N3210 3-13 
1N2845 2-13 1N3017 2-17 1N3211 3-13 
1N2846 2-13 1N3018 .2-17 1N3212 3-13 
1N2970 2'-15 1N3019 2-17 1N3213 3-8 
1N2971 2-15 1N3020 2-17 1N3214 3-8 
1N2972 2-15 1N3021 2-17 1N3282 3-14 
1N2973 2-15 1N3022 2-17 1N3283 3-14 
1N2974 2-15 1N3023 2-17 1N3284 3-14 
1N2975 2-15 1N3024 2-17 1N3285 3-14 
1N2976 2-15 1N3025 2-17 1N3286 3-14 
1N2977 2-15 1N3026 2-17 1N3305 2-19 
1N2978 2-15 1N3027 2-17 1N3306 2-19 
1N2979 2-15 1N3028 2-17 1N3307 2-19 
1N2980 2-15 1N3029 2-17 1N3308 2.-19 
1N2981 2-15 1N3030 2-17 1N3309 - 2-19 
1N2982 2-15 1N3031 2-17 1N3310 2-19 
1N2983 2-15 1N3032 2-17 1N3311 2-19 
1N2984 2-15 1N3033 2-17 1N3312 2-19 
1N2985 2-15 1N3034 2-17 1N3313 2-19 
1N2986 2-15 1N3035 2-17 1N3314 2-19 
1N2987 2-15 1N3036 2-17 1N3315 2-19 
1N2988 2-15 1N3037 2-17 1N3316 2-19 
1N2989 2-15 1N3038 2-17 1N3317 2-19 
1N2990 2-15 1N3039 2-17 1N3318 2-19 
1N2991 2-15 1N3040 2-17 1N3319 2-19 
1N2992 2-15 1N3041 2-17 1N3320 2-19 
1N2993 2-15 1N3042 2-17 1N3321 2-19 
1N2994 2-15 1N3043 2-17 1N3322 2-19 
1N2995 2-15 1N3044 2-17 1N3323 2-19 
1N2996 2-15 1N3045 2-17 1N3324 2-19 
1N2997 2-15 1N3046 2-17 1N3325 2-19 
1N2998 2-15 1N3047 2-17 1N3326 2-19 
1N2999 2-15 1N3048 2-17 1N3327 2-19 
1N3000 2-15 1N3049 2-17 1N3328 2-19 
1N3001 2-15 1N3050 2-17 1N3329 2-19 
1N3002 2-l5 1N3051 2-17 1N3330 2-19 
1N3003 2-15 1N3154 2-31 1N3331 2-19 
1N3004 2-15 1N3154A 2-31 1N3332 2-19 
1N3005 2-15 1N3155 2-31 1N3333 2-19 
1N3006 2-15 1N3155A 2-31 1N3334 2-19 
1N3007 2-15 1N3156 2-31 1N3335 2-19 
1N3008 2-15 1N3156A 2-31 1N3336 2-19 
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DEVICE LISTING (continued) 

Device Type Page Device Type Page Device Type Page 

1N3337 2-19 1N3687 2-20 1N3818 2-21 
1N3338 2-19 1N3688 2-20 1N3819 2-21 
1N3339 2-19 1N3689 2-20 1N3820 2-21 
1N3340 2-19 1N3690 2-20 1N3821 2-23 
1N3341 2-19 1N3691 2-20 1N3822 2-23 
1N3342 2-19 1N3692 2-20 1N3823 2-23 
1N3343 2-19 1N3693 2-20 1N3824 2-23 
1N3344 2-19 1N3694 2-20 1N3825 2-23 
1N3345 2-19 1N3695 2-20 1N3826 2-23 
1N3346 2-19 1N3696 2-20 1N3827 2-23 
1N3347 2-19 1N3697 2-20 1N3828 2-23 
1N3348 2-19 1N3698 2-20 1N3829 2-23 
1N3349 2-19 1N3699 2-20 1N3830 2-23 
1N3350 2-19 1N3700 2-20 1N3879 3-20 
1N3491 3-15 1N3701 2-20 1N3880 3-20 
1N3492 3-15 1N3702 2-20 1N3881 3-20 
1N3493 3-15 1N3703 2-20 1N3882 3-20 
1N3494 3-15 1N3785 2-21 1N3883 3-20 
1N3495 3-15 1N3786 2-21 1N3889 3-20 
1N3580 2-31 1N3787 2-21 1N3890 3-20 
1N3580A 2-31 1N3788 2-21 1N3891 3-20 
1N3580B 2-31 1N3789 2-21 1N3892 3-20 
1N3581 2-31 1N3790 2-21 1N3893 3-20 
1N3581A 2-31 1N3791 2-21 1N3993 2-24 
1N3581B 2-31 1N3792 2-21 1N3994 2-24 
1N3582 2-31 1N3793 2-21 1N3995 2-24 
1N3582A 2-31 1N3794 2-21 1N3996 2-24 
1N3582B 2-31 1N3795 2-21 1N3997 2-24 
1N3611 3-17 1N3796 2-21 1N3998 2-24 
1N3612 3-17 1N3797 2-21 1N3999 2-24 
1N3613 3-17 1N3798 2-21 1N4000 2-24 
1N3649 3-18 1N3799 2-21 1N4001 3-23 
1N3650 3-18 1N3800 2-21 1N4002 3-23 
1N3659 3-18 1N3801 2-21 1N4003 3-23 
1N3660 3-18 1N3802 2-21 1N4004 3-23 
1N3661 3-18 1N3803 2-21 1N4005 3-23 
1N3662 3-18 1N3804 2-21 1N4006 3-23 
1N3663 3-18 1N3805 2-21 1N4007 3-23 
1N3675 2-20 1N3806 2-21 1N4099 2-25 
1N3676 2-20 1N3807 2-21 1N4100 2-25 
1N3677 2-20 1N3808 2-21 1N4101 2-25 
1N3678 2-20 1N3809 2-21 1N4102 2-25 
1N3679 2-20 1N3810 2-21 1N4103 2-25 
1N3680 2-20 1N3811 2-21 1N4104 2-25 
1N3681 2-20 1N3812 2-21 1N4105 2-25 
1N3682 2-20 1N3813 2-21 1N4106 2-25 
1N3683 2-20 1N3814 2-21 1N4107 2-25 
1N3684 2-20 1N3815 2-21 1N4108 2-25 
1N3685 2-20 1N3816 2-21 1N4109 2-25 
1N3686 2-20 1N3817 2-21 1N4110 2-25 
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1N4111 2-25 1N4729 2-28 1N4778 2-35 
1N4112 2-25 1N4730 2-28 1N4779 2-35 
1N4113 2-25 1N4731 2-28 1N4780 2-35 
1N4114 2-25 1N4732 2-28 1N4781 2-35 
1N4115 2-25 1N4733 2-28 1N4782 2-35 
1N4116 2-25 1N4734 2-28 1N4783 2-35 
1N4117 2-25 1N4735 2-28 1N4784 2-35 
1N4118 2-25 1N4736 2-28 2Nl73 6-16 
1N4119 2-25 1N4737 2-28 2Nl74 6-9 
1N4120 2-25 1N4738 2-28 2Nl76 6-11 
1N4121 2-25 1N4739 2-28 2Nl78 6-13 
1N4122 2-25 1N4740 2-28 2N242 6-15 
1N4123 2-25 1N4741 2-28 2N277 6-16 
1N4124 . 2-25 1N4742 2-28 2N278 6-16 
1N4125 2-25 1N4743 2-28 2N297A 6-19 
1N4126 2-25 1N4744 2-28 2N307 6-15 
1N4127 2-25 1N4745 · 2-28 2N307A 6-15 
1N4128 2-25 1N4746 2-28 2N319 7-6 
1N4129 2-25 1N4747 2-28 2N320 7-6 
1N4130 2-25 1N4748 2-28 2N321 7-6 
1N4131 2-25 1N4749 2-28 2N322 7-7 
1N4132 2-25 1N4750 2-28 2N323 7-7 
1N4133 2-25 1N4751 2-28 2N324 7-7 
1N4134 2-25 1N4752 2-28 2N331 7-8 
1N4135 2-25 1N4753 2-28 2N350A 6-21 
1N4370 2-8 1N4754 2-28 2N351A 6-21 
1N4371 2-8 1N4755 2-28 2N375 6-23 
1N4372 2-8 1N4756 2-28 2N376A 6-21 
1N4386 10-6 1N4757 2-28 2N378 6-26 
1N4387 10-8 1N4758 2-28 2N379 6-26 
1N4388 10-9 1N4759 2-28 2N380 6-26 
1N4565 2-35 1N47~0 2-28 2N381 7-10 
1N4566 2-35 1N4761 2-28 2N382 7-10 
1N4567 2-35 1N4762 2-28 2N383 7-10 
1N4568 2-35 1N4763 2-28 2N398 7-12 
1N4569 2-35 1N4764 2-28 2N398A · 7-12 
1N4570 2-35 1N4765 2-35 2N441 6-27 
1N4571 2-35 1N4766 2-35 2N442 6-27 
1N4572 2-35 1N4767 2-35 2N443 6-27 
1N4573 2-35 1N4768 2-35 2N459 6-26 
1N4574 2-35 1N4769 2-35 2N459A 6-26 
1N4719 3..:24 1N4770 2-35 2N460 7-14 
1N4720 3-24 1N4771 2-35 2N461 7-14 
1N4721 3-24 1N4772 2-35 2N464 7-15 
1N4722 3-24 1N4773 2.:.35 2N465 7-15 
1N4723 3-24 1N4774 2-35 2N466 7-15 
1N4724 3-24 1N4775 2-35 2N467 7-15 
1N4725 3-24 1N4776 2-35 2N508 7-7 
1N4728 2-28 1N4777 2-35 2N524 7-17 
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2N525 7-17 2N828A 8-54 2Nl162 6-40 
2N526 7-17 2N829 8-54 2N1163 6-40 
2N527 7-17 2N834 8-57 2N1164 6-40 
2N554 6-13 2N835 8-57 2N1165 6-40 
2N555 6-13 2N838 8-59 2N1166 6-40 
2N618 6-23 2N869 8-61 2Nl167 6-40 
2N650 7-20 2N914 8-63 2N1175 7-33 
2N650A 7-20 2N915 8-65 2Nl185 7-25 
2N651 7-20 2N916 8-67 2N1186 7-25 
2N651A 7-20 2N918 8-68 2N1187 7-25 
2N652 7-20 2N929 8-69 2Nl188 7-25 
2N652A 7-20 2N930 8-69 2Nl189 7-28 
2N653 7-22 2N956 8-42 2Nl190 7-28 
2N654 7-22 2N960 8-71 2N1191 7-30 
2N655 7-22 2N961 8-71 2N1192 7-30 
2N665 6-31 2N962 8-71 2N1193 7-30 
2N669 6-11 2N963 8-73 2Nl194 7-30 
2N681 5-9 2N964 8-71 2Nl195 8-83 
2N682 5-9 2N964A 8-75 2Nl204 8-85 
2N683 5-9 2N965 8-71 2Nl204A 8-85 
2N684 5-9 2N966 8-71 2Nl358 6-9 
2N685 5-9 2N967 8-73 2N1359 6-23 
2N686 5-9 2N968 8-77 2N1360 6-23 
2N687 5-9 2N969 8-77 2N1362 6-23 
2N688 5-9 2N970 8-77 2N1363 6-23 
2N689 5-9 2N971 8-77 2Nl364 6-23 
2N697 8-28 2N972 8-77 2N1365 6-23 
2N700 8-29 2N973 8-77 2N1408 7-32 
2N700A 8-29 2N974 8-77 2N1412 6-43 
2N705 8-31 2N975 8-77 2Nl413 7-33 
2N706 8-33 2N985 8-79 2N1414 7-33 
2N706A 8-33 2N995 8-61 2N1415 7-33 
2N706B 8-33 2N1008 7-24 2Nl420 8-28 
2N707 8-35 2Nl008A 7-24 2Nl494 8-85 
2N707A 8-35 2N1008B 7-24 2Nl494A 8-85 
2N708 8-37 2N1011 6-33 2N1495 8-85 
2N710 8-38 2N1073 6-35 2Nl496 8-85 
2N711 8-39 2N1073A 6-35 2Nl529 6-46 
2N711A 8-39 2N1073B 6-35 2Nl530 6-46 
2N711B 8-39 2Nl099 6-16 2Nl531 6-46 
2N718 8-28 2Nl100 6-9 2N1532 6-46 
2N718A 8-42 2N1120 6-38 2N1533 6-46 
2N722 8-44 2N1131 8-81 2N1534 6-46 
2N741 8-46 2N1132 8-44 2Nl535 6-46 
2N741A 8-46 2Nl132A 8-44 2N1536 6-46 
2N744 8-48 2Nl132B 8-44 2N1537 6-46 
2N753 8-33 2N1141 8-83 2N1(538 6-46 
2N827 8-50 2N1142 8-83 2Nl539 6-49 
2N828 8-52 2N1143 8-83 2N1540 6-49 
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2N1541 6-49 2Nl849A 5-15 2N2193B 8-91 
2N1542 6-49 2Nl850 5-13 2N2194 8-91 
2N1543 6-49 2Nl850A 5-15 2N2194A 8-91 
2Nl544 6-49 2Nl924 7-37 2N2194B 8-91 
2N1545 6-49 2Nl925 7-37 2N2195 8-91 
2Nl546 6-49 2Nl926 7-37 2N2195A 8-91 
2N1547 6-49 2Nl970 6-56 2N2195B 8-91 
2N1548 6-49 2Nl980 6-56 2N2217 8-93 
2N1549 6-52 2Nl981 6-56 2N2218 8-93 
2N1550 6-52 2Nl982 6-56 2N2218A 8-95 
2N1551 6-52 2Nl991 8-81 2N2219 8-93 
2N1552 6-52 2N2042 7-39 2N2219A 8-95 
2N1553 6-52 2N2043 7-39 2N2220 8-93 
2N1554 6-52 2N2060 9-4 2N2221 8-93 
2N1555. 6-52 2N2060A 9-4 2N2221A 8-95 
2N1556 6-52 2N2075 6-57 2N2222 8-93 
2N1557 6-52 2N2076 6-57 2N2222A 8-95 
2Nl558 6-52 2N2077 6-57 2N2223 9-4 
2N1559 6-52 2N2078 6-57 2N2223A 9-4 
2Nl560 6-52 2N2079 6-57 2N2256 8-99 
2Nl561 8-88 2N2080 6-57 2N2257 8-99 
2Nl562 8-88 2N2081 6-57 2N2258 8-99 
2N1595 5-11 2N2082 6-57 2N2259 8-99 
2Nl596 5-11 2N2096 8-85 2N2303 8-44 
2Nl597 5-11 2N2097 8-85 2N2330 8-102 
2N1598 5-11 2N2099 8-85 2N2331 8-102 
2Nl599 5-11 2N2100 8-85 2N2369 8-104 
2N1613 8-42 2N2137 6-60 2N2381 8-107 
2Nl692 8-88 2N2138 6-60 2N2382 8-107 
2N1693 8-88 2N2139 6-60 2N2480 9-4 
2Nl705 7-35 2N2140 6-60 2N2480A 9-4 
2Nl706 7-35 2N2141 6-60 2N2481 8-109 
2Nl707 7-35 2N2142 6-60 2N2490 6-67 
2N1711 8-42 2N2143 6-60 2N2491 6-67 
2Nl842 5-13 2N2144 6-60 2N2492 6-67 
2Nl842A 5-15 2N2145 6-60 2N2493 6-67 
2Nl843 5-13 2N2146 6-60 2N2501 8-112 
2Nl843A 5-15 2N2152 6-63 2N2526 6-68 
2Nl844 5-13 2N2153 6-63 2N2527 6-68 
2N1844A 5-15 2N2154 6-63 2N2528 6-68 
2Nl845 5-13 2N2156 6-63 2N2537 8-114 
2Nl845A 5-15 2N2157 6-63 2N2538 8:-114 
2Nl846 5-13 2N2158 6-63 2N2539 8-114 
2N1846A 5-15 2N2171 7-10 2N2540 8-114 
2N1847 5-13 2N2192 8-91 2N2573 5-17 
2N1847A q-15 2N2192A 8-91 2N2574 5-17 
2Nl848 5-13 2N2192B 8-91 2N2575 5-17 
2Nl848A 5-15 2N2193 8-91 2N2576 5-17 
2Nl849 5-13 2N2193A 8-91 2N2577 5-17 
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2N2578 5-17 2N3244 8-145 2N3444 8-155 
2N2579 5-17 2N3245 8-145 2N3445 6-84 
2N2630 8-115 2N3248 8-148 2N3446 6-84 
2N2635 8-117 2N3249 8-148 2N3447 6-84 
2N2728 6-70 2N3250 8-151 2N3448 6-84 
2N2800 8-119 2N3250A 8-151 2N3467 8-190 
2N2801 8-119 2N3251 8-151 2N3468 8-190 
2N2832 6-72, 2N3251A 8-151 2N3480 9-9 

8-121 2N3252 8-155 2N3481 9-9 
2N2833 6-72 2N3253 8-155 2N3483 9-9 
2N2834 6-72, 2N3279 8-158 2N3484 9-9 

8-121 2N3280 8-158 2N3485 8-123 
2N2837 8-119 2N3281 8-158 2N3485A 8-123 
2N2838 8-119 2N3282 8-158 2N3486 8-123 
2N2904 8-123 2N3283 8-160 2N3486A 8-123 
2N2904A 8-123 2N3284 8-160 2N3493 8-193 
2N2905 8-123 2N3285 8-160 2N3494 8-195 
2N2905A 8-123 2N3286 8-160 2N3495 8-195 
2N2906 8-123 2N3287 8-163 2N3496 8-195 
2N2906A 8-123 2N3288 8-163 2N3497 8-195 
2N2907 8-123 2N3289 8-163 2N3498 8-197 
2N2907A 8-123 2N3290 8-163 2N3499 8-197 
2N2912 6-74 2N3291 8-165 2N3500 8-197 
2N2929 8-127 2N3292 8-165 2N3501 8-197 
2N2947 8-129 2N3293 8-165 2N3506 8-202 
2N2948 8-129 2N3294 8-165 2N3507 8-202 
2N2949 8-131 2N3295 8-167 2N3508 8-204 
2N2950 8-131 2N3296 8-170 2N3509 8-204 
2N2951 8-133 2N3297 8-173 2N3510 8-207 
2N2952 8-133 2N3298 8-176 2N3511 8-207 
2N2955 8-136 2N3307 8-178 2N3544 8-210 
2N2956 8-136 2N3308 8-178 2N3546 8-211 
2N2957 8-136 2N3309 8-180 2N3553 8-187 
2N2958 8-139 2N3309A 8-182 2N3611 6-88 
2N2959 8-139 2N3311 6-81 2N3612 6-88 
2N3021 6-76 2N3312 6-81 2N3613 6-88 
2N3022 6-76 2N3313 6-81 2N3614 6-88 
2N3023 6-76 2N3314 6-81 2N3615 6-91 
2N3024 6-76 2N3315 6-81 2N3616 6-91 
2N3025 6-76 2N3316 6-81 2N3617 6-91 
2N3026 6-76 2N3323 8-184 2N3618 6-91 
2N3115 8-139 2N3324 8-184 2N3632 8-187 
2N3116 8-139 2N3325 8-184 2N3634 8-214 
2N3133 8-141 2N3375 8-187 2N3635 8-214 
2N3134 8-141 2N3409 9-7 2N3636 8-214 
2N3135 8-141 2N3410 9-7 2N3637 8-214 
2N3136 8-141 2N3411 9-7 2N3647 8-207 
2N3137 8--143 2N3427 7-41 2N3648 8-207 
2N3227 8-104 2N3428 7-41 2N3664 8-218 
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2N3713 6-95 MA888 7-46 MC312 11-8 
2N3714 6-95 MA889 7-46 MC351 11-25 
2N3715 6-95 MA909 7-48 MC352 11-33 
2N3716 6-95 MA910 7-48 MC353 11-31 
2N3717 8-220 MA.1702 7-49 MC354 11-24 
2N3718 8-220 MA1703 7-49 MC355 11-37 
2N3719 6-99, MA1704 7-49 MC356 11-25 

8-222 MA1705 7-49 MC357 11-25 
2N3720 6-99, MA1706 7-49 MC358 11-33 

8-222 MA1707 7-49 MC359 11-25 
2N3742 8-225 MA1708 7-49 MC360 11-25 
2N3743 8-228 MC201 11-39 MC361 11-25 
2N3783 8-231 MC202 11-39 MC362 11-25 
2N3784 8-231 MC203 11-41 MC401 11-143 
2N3785 8-231 MC204 11-43 . MC402 11-145 
2N3796 9-11 MC205 11-45 MC908 11-128 
2N3797 9-11 MC206 11-47 MC909 11-130 
2N3798 8-234 MC207 11-49 MC910 11-132 
2N3799 8-234 MC208 11-51 MC911 11-134 
2N3800 9-13 MC209 11-53 MC912 11-136 
2N3801 9-13 MC212 11-55 MC913 11-138 
2N3802 9-13 MC213 11-57 MC921 11-141 
2N3803 9-13 MC215 11-59 MClllO 11-148 
2N3804 9-13 MC217 11-61 MCllll 11-114 
2N3805 9-13 MC251 11-64 MC1112 11-116 
2N3806 9-13 MC252 11-64 MC1113 11-118 
2N3807 9-13 MC253 11-66 MC1114 11-120 
2N3808 9-13 MC254 11-67 MC1115 11-122 
2N3809 9-13 MC255 11-69 MC1116 11-124 
2N3810 9-13 MC256 11-71 MC1117 11-124 
2N3811 9-13 MC257 11-73 MC1118 11-124 
2N3818 8-236 MC258 11-76 MC1513 11-153 
Series 300 4-4 MC259 11-78 MC1519 11-154 
MA112 7-44 MC260 11-80 MC1524 11-158 
MA113 7-44 MC262 11-83 MC1525 11-162 
MA114 7-44 MC263 11-85 MC1526 11-162 
MA115 7-44 MC265 11-88 MC1527 11-162 
MA116 7-44 MC267 11-90 MC1528 11-162 
MA117 7-44 MC301 11-8 MCA1911 2-36 
MA286 7-45 MC302 11-16 MCA1912 2-36 
MA287 7-45 MC303 11-14 MCA1913 2-36 
MA288 7-45 MC304 11-7 MCA1914 2-36 
MA881 7-46 MC305 11-20 MCA1921 2-36 
MA882 7-46 MC306 11-8 MCA1922 2-36 
MA883 7-46 MC307 11-8 MCA1923 2-36 
MA884 7-46 MC308 11-16 MCA1924 2-36 
MA885 7-46 MC309 11-8 MCA1931 2-36 
MA886 7-46 MC310 11-8 MCA1932 2-36 
MA887 7-46 MC311 11-8 MCA1933 2-36 
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-- Alpha-Numerical Device Listing --

DEVICE LISTING (continued) 

Device Type Page Device Type Page Device Type Page 

MCA1934 2-36 MCR729-10 5-23 MCR1308-2 5-25 
MCA2011 2-36 MCR808-1 5-25 MCR1308R-2 5-25 
MCA2012 2-36 MCR808R-1 5-25 MCR1308-3 5-25 
MCA2013 2-36 MCR808-2 5-25 MCR1308R-3 5-25 
MCA2014 2-36 MCR808R-2 5-25 MCR1308-4 5-25 
MCA2021 2-36 MCR808-3 5-25 .MCR1308R-4 5-25 
MCA2022 2-36 MCR808R-3 5-25 MCR1308-5 5-25 
MCA2023 2-36 MCR808-4 5-25 MCR1308R-5 5-25 
MCA2024 2-36 MCR808R-4 5-25 MCR1308-6 5-25 
MCA2031 2-36 MCR808-5 5-25 MCR1308R-6 5-25 
MCA2032 2-36 MCR808R-5 5-25 MCR1604-1 5-34 
MCA2033 2-36 MCR808-6 5-25 MCR1604R-1 5-34 
MCA2034 2-36 MCR808R-6 5-25 MCR1604-2 5-34 
MCA2111 2-36 MCR846-1 5-28 MCR1604R-2 5-34 
MCA2112 2-36 MCR846-2 5-28 MCR1604-3 5-34 
MCA2113 2-36 MCR846-3 5-28 MCR1604R-3 5-34 
MCA2114 2-36 MCR846-4 5-28 MCR1604-4 5-34 
MCA2121 2-36 MCR914-1 5-11 MCR1604R-4 5-34 
MCA2122 2-36 MCR914-2 5-11 MCR1604-5 5-34 
MCA2123 2-36 MCR914-3 5-11 MCR1604R-5 5-34 
MCA2124 2-36 MCR914-4 5-11 MCR1604-6 5-34 
MCA2131 2-36 MCR914-5 5-11 MCR1604R-6 5-34 
MCA2132 2-36 MCR914-6 5-11 MCR1605-1 5-34 
MCA2133 2-36 MCR1304-l 5-34 MCR1605R-1 5-34 
MCA2134 2-36 MCR1304R-1 5-34 MCR1605-2 5-34 
MCA2211 2-36 MCR1304-2 5-34 MCR1605R-2 5-34 
MCA2212 2-36 MCR1304R-2 5-34 MCR1605-3 5-34 
MCA2213 2-36 MCR1304-3 5-34 MCR1605R-3 5-34 
MCA2214 2-36 MCR1304R-3 5-34 MCR1605-4 5-34 
MCA2221 2-36 MCR1304-4 5-34 MCR1605R-4 5-34 
MCA2222 2-36 MCR1304R-4 5-34 MCR1605-5 5-34 
MCA2223 2-36 MCR1304-5 5-34 MCR1605R-5 5-34 
MCA2224 2-36 MCR1304R-5 5-34 MCR1605-6 5-34 
MCA2231 2-36 MCR1304-6 5-34 MCR1605R-6 5-34 
MCA2232 2-36 MCR1304R-6 5-34 MCR1718-5 5-30 
MCA2233 2-36 MCR1305-1 5-34 MCR1718-6 5-30 
MCA2234 2-36 MCR1305R-1 5-34 MCR1718-7 5-30 
MCR649-1 5-20 MCR1305-2 5-34 MCR1718-8 5-30 
MCR649-2 5-20 MCR1305R-2 5-34 MCR1907-1 5-32 
MCR649-3 5-20 MCR1305-3 5-34 MCR1907-2 5-32 
MCR649-4 5-20 MCR1305R-3 5-34 MCR1970-3 5-32 
MCR649-5 5-20 MCR1305-4 5-34 MCR1970-4 5-32 
MCR649-6 5-20 MCR1305R-4 5-34 MCR1970-5 5-32 
MCR649-7 5-20 MCR1305-5 5-34 MCR1970-6 5-32 
MCR729-5 5-23 MCR1305R-5 5-34 MCR2304-1 5-34 
MCR729-6 5-23 MCR1305-6 5-34 MCR2304R-1 5-34 
MCR729-7 5-23 MCR1305R-6 5-34 MCR2304-2 5-34 
MCR729-8 5-23 MCR1308-l 5-25 MCR2304R-2 5-34 
MCR729-9 5-23 MCR1308R-1 5-25 MCR2304-3 5-34 
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-- Alpha-Numerical Device Listing --

DEVICE LISTING (continued) 

Device Type Page Device Type Page Device Type Page 

MCR2304R-3 5-34 MD985 9-21 MDA950-6 4-10 
MCR2304-4 5-34 MD986 9-23 MDA950-7 4-10 
MCR2304R-4 5-34 MD990 9-25 MDA952-1 4-13 
MCR2304-5 5-34 MD1120 9-27 MDA952-2 4-13 
MCR2304R-5 5-34 MD1121 9-27 MDA952-3 4-13 
MCR2304-6 5-34 MD1122 9-27 MDA952-4 4-13 
MCR2304R-6 5-34 MD1123 9-29 MDA952-5 4-13 
MCR2305-l 5-34 MD1124 9-29 MDA952-6 4-13 
MCR2305R-l 5-34 MD1125 9-29 MDA962-l 4-13 
MCR2305-2 5-34 MD1126 9-31 MDA962-2 4-13 
MCR2305R-2 5-34 MD1127 9-31 MDA962-3 4-13 
MCR2305-3 5-34 MD1128 9-33 MDA962-4 4-13 
MCR2305R-3 5-34 MD1129 9-35 MDA962-5 4-13 
MCR2305-4 5-34 MD1130 9-37 MDA1330 4-16 
MCR2305R-4 5-34 MD1131 9-39 MDA1331 4-16 
MCR2305-5 5-34 MD1132 9-41 MDA1332 4-16 
MCR2305R-5 5-34 MD1133 9-43 MDA1333 4-16 
MCR2305-6 5-34 MD1134 9-45 MDA1491-1 4-13 
MCR2305R-6 5-34 MDA920-l 4-10 MDA1491-2 4-13 
MCR2604-1 5-34 MDA920-2 4-10 MDA1491-3 4-13 
MCR2604R-1 5-34 MDA920-3 4-10 MDA1491-4 4-13 
MCR2604w2 5-34 MDA920-4 4-10 MDA1491-5 4-13 
MCR2604R-2 5-34 MDA920-5 4-10 MDA1491-6 4-13 
MCR2604-3 5-34 MDA920-6 4-10 MDA150'5-1 4-13 
MCR2604R-3 5-34 MDA920-7 4-10 MDA1505-2 4-13 
MCR2604-4 5-34 MDA930-1 4-10 MDA1505-3 4-13 
MCR2604R-4 5-34 MDA930-2 4-10 MDA1505-4 4-13 
MCR2604-5 5-34 MDA930-3 4-10 MDA1505-5 4-13 
MCR2604R-5 5-34 MDA930-4 4-10 MDA1505-6 4-13 
MCR2604-6 5-34 MDA930-5 4-10 MDA1591-1 4-13 
MCR2604R-6 5-34 MDA930-6 4-10 MDA1591-2 4-13 
MCR2605-1 5-34 MDA930-7 4-10 MDA1591-3 4-13 
MCR2605R-1 5-34 MDA940-1 4-10 MDA1591-4 4-13 
MCR2605-2 5-34 MDA940-2 4-10 MDA1591-5 4-13 
MCR2605R-2 5-34 MDA940-3 4-10 MDA1591-6 4-13 
MCR2605-3 5-34 MDA940-4 4-10 MEl USN 11-93 
MCR2605R-3 5-34 MDA940-5 4-10 ME2 USN 11-96 
MCR2605-4 5-34 MDA940-6 4-10 ME3 USN 11-99 
MCR2605R-4 5-34 MDA940-7 4-10 ME4 USN 11-102 
MCR2605-5 5-34 MDA942-1 4-13 ME5 USN 11-104 
MCR2605R-5 5-34 MDA942-2 4-13 ME6 USN 11-107 
MCR2605-6 5-34 MDA942-3 4-13 ME7 USN 11-109 
MCR2605R-6 5-34 MDA942-4 4-13 MES USN 11-111 
MCS2135 8-238 MDA942-5 4-13 MF812 8-242 
MCS2136 8-238 MDA942-6 4-13 MF832 8-243 
MCS2137 8-240 MDA950-l 4-10 MGCS821-1 5-37 
MCS2138 8-240 MDA950-2 4-10 MGCS821-2 5-37 
MD981 9-15 MDA950-3 4-10 MGCS821-3 5-37 
MD982 9-17 MDA950-4 4-10 MGCS821-4 5-37 
MD984 9-19 MDA950-5 4-10 MGCS821-5 5-37 
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DEVICE LISTING (continued) 

Device Type Page Device Type Page Device Type Page 

MGCS821-6 5-37 MR1030 3-24 MR1261 3-36 
MGCS924-1 5-41 MR1031 3-24 MR1262 3-36 
MGCS924-2 5-41 MR1032 3-24 MR1263 3-36 
MGCS924-3 5-41 MR1033 3-24 MR1264 3-36 
MGCS924-4 5-41 MR1034 3-24 MR1265 3-36 
MGCS924-5 5-41 MR1035 3-24 MR1266 3-36 
MGCS924-6 5-41 MR1036 3-24 MR1267 3-36 
MGCS925-1 5-41 MR1038 3-24 MR1290 3-38 
MGCS925-2 5-41 MR1040 3-24 MR1291 3-38 
MGCS925-3 5-41 MR1200 3-26 MR1292 3-38 
MGCS925-4 5-41 MR1201 3-26 MR1293 3-38 
MGCS925-5 5-41 MR1202 3-26 MR1294 3-38 
MGCS925-6 5-41 MR1203 3-26 MR1295 3-38 
MM1803 8-143 MR1204 3-26 MR1296 3-38 
MM1941 8-244 MR1205 3-26 MR1297 3-38 
MM1943 8-246 MR1206 3-26 MR1337-1 3-40 
MM2090 9-47 MR1207 3-26 MR1337-2 3-40 
MM2091 9-47 MR1210 3-28 MR1337-3 3-40 
MM2092 9-50 MR1211 3-28 MR1337-4 3-40 
MM2503 MR1212 3-28 MR1337-5 3-40 
MM2550 8-248 MR1213 3-28 MV1808 10-11 
MM2552 8-250 MR1214 3-28 MV1864A 10-13 
MM2554 8-252 MR1215 3-28 MV1866 10-14 
MM2894 8-254 MR1216 3-28 MV1868 10-14 
MP500 8-256 MR1217 3-28 MV1870 10-16 
MP501 6-102 MR1220 3-30 MV1871 10-14 
MP502 6-102 MR1221 3-30 MV1872 10-17 
MP504 6-102 MR1222 3-30 MV1874 10-16 
MP505 6-102 MR1223 3-30 MV1876 10-19 
MP506 6-102 MR1224 3-30 MV1877 10-14 
MP2060 6-102 MR1225 3-30 MV1878 10-16 
MP2061 6-104 MR1226 3-30 MV1892 10-21 
MP2062 6-104 MR1227 3-30 M4L2052 10-22 
MP2063 6-104 MR1230 3-32 M4L2053 10-22 
MPS706 6-104 MR1231 3-32 M4L2054 10-22 
MPS834 8-259 MR1232 3-32 
MPS918 8-261 MR1233 3-32 
MPS2894 8-263 MR1234 3-32 
MPS2923 8-265 MR1235 3-32 
MPS2924 8-267 MR1236 3-32 
MPS2925 8-267 MR1237 3-32 
MPS3563 8-267 MR1240 3-34 
MPS3639 8-263 MR1241 3-34 
MPS3640 8-268 MR1242 3-34 
MR322 8-271 MR1243 3-34 
MR323 3-15 MR1244 3-34 
MR324 3-15 MR1245 3-34 
MR325 3-15 MR1246 3-34 
MR326 3-15 MR1247 3-34 

3-15 MR1260 3-36 
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--Military Type Semiconductors--

MILITARY TYPE SEMICONDUCTORS 

Motorola offers a number of semiconductor devices that comply with the 
terms of military specifications. The following table lists these devices, the 
applicable military specifications and the appropriate page in the data sections 
of this manual. For additional information, military-type data sheets are 
available. 

SILICON ZENER DIODES page 

USN 1N746A thru USN 1N759A MIL-S-19500/127C 2-8 

USN 1N962B thru USN 1N984B MIL-S-19500/117B 2-9 

JAN 1N2804B thru JAN 1N2811B MIL-S-19500/114B 2-13 

JAN 1N2813B MIL-S-19500/114B 2-13 

JAN 1N2814B MIL-S-19500. 114B 2-13 

JAN 1N2816B MIL-S-19500/114B 2-13 

JAN 1N2818B thru JAN 1N28020B MIL-S-19500/114B 2-13 

JAN 1N2822B thru JAN 1N2827B MIL-S-19500/114B 2-13 

. JAN 1N2838B MIL-S-19500/114B 2-13 

JAN 1N2840B thru JAN 1N2846B MIL-S-19500/114B 2-13 

JAN 1N2970B thru JAN 1N2977B MIL-S-19500/124C 2-15 

JAN 1N2979B MIL-S-19500/124C 2-15 

JAN 1N2980B MIL-S-19500/124C 2-15 

JAN 1N2982B MIL-S-19500/124C 2-15 

JAN 1N2984B MiL-S-19500/124C 2-15 

JAN 1N2988B thru JAN 1N2993B MIL-S-19500/124C 2-15 

JAN 1N2995B thru JAN 1N2997B MIL-S-19500/124C 2-15 

JAN 1N2999B thru JAN 1N3005B MIL-S-19500/124C 2-15 

JAN 1N3007B thru JAN 1N3009B MIL-S-19500/124C 2-15 

JAN 1N3011B MIL-S-19500/124C 2-15 

JAN 1N3012B MIL-S-19500/124C 2-15 

JAN 1N3014B MIL-S-19500/124C 2-15 

JAN 1N3015B MIL-S-19500/124C 2-15 

USN 1N3016B thru USN 1N3051B MIL-S-19500/115D 2-17 

USN 1N3821A thru USN 1N3828A MIL-S-19500/115D 2-23 

USA 1N3993A thru USA 1N4000A MIL-S-19500/272 2-24 

USN 1N4370A thru USN 1N4372A MIL-S-19500/127C 2-8 
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--Military Type Semiconductors--

SILICON REFERENCE DIODES 

JAN 1N429 MIL-S-19500/229 2-32 

USN 1N821 MIL-S-19500/229 2-32 

USN 1N823 MIL-S-19500/229 2-32 

USN 1N825 MIL-S-19500/229 2-32 

USN 1N827 MIL-S-19500/229 2-32 

USN 1N829 MIL-S-19500/229 2-32 

USN 1N9358 MIL-S-19500/1568 2-32 

USN 1N9378 MIL-S-19500/1568 2-32 

USN 1N9388 MIL-S-19500/1568 2-32 

USN 1N941B MIL-S-19500/157C 2-32 

USN 1N9438 MIL-S-19500/157C 2-32 

USN 1N9448 MIL-S-19500/157C 2-32 

USN 1N3154 thru USN 1N3157 MIL-S-19500/158C 2-32 

SILICON RECTIFIERS 

USN 1N3611 thru USN 1N3613 MlL-S-19500/2288 3-17 

POWER TRANSISTORS 

JAN 2Nl74 MIL-T-19500/13A 6-9 

JAN 2N297A MIL-T-19500/368 6-19 

JAN 2N665 MIL-S-19500/58C 6-31 

USA 2Nl011 MIL-T-19500/67 6-33 

USA 2Nll20 MIL-T-19500/68 6-38 

USN 2N1165 MIL-S-19500/1788 6-40 

USN 2N1358 MIL-S-19500/122A 6-9 

USN 2N14l2 MIL-S-19500/76 6-43 

MILLIWATT TRANSISTORS 

JAN 2N331 MIL-S-19500/4C 7-8 

USN 2N398 MIL-S-19500/174 7-12 

USAF 2N461 MIL-T-19500/45 7-14 

USA 2N465 MIL-T-19500/50A 7-15 

JAN 2N466 MIL-S-19500/51D 7-15 

USA 2N467 MIL-T-19500/528 7-15 

JAN 2N526 MIL-S-19500/600 7-17 

USN 2N650A thru USN 652A MIL-S- l 9500/175A 7-20 
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--Military Type Semiconductors --

HIGH-FREQUENCY TRANSISTORS 

USA 2N700A lVIIL-S-19500/123 8-29 

USN 2N705 lVIIL-S-19500/86 8-31 

JAN 2N706 1VIIL-S-19500/120A 8-33 

USN 2N962 1VIIL-S-19500/258A 8-71 

USN 2N964 1VIIL-S-l 9500/258A 8-71 

USN 2N1131 1VIIL-S-l 9500/l 77A 8-81 

USN 2N1132 1VIIL-S-l 9500/177A 8-44 

USN 2Nll42 lVIIL-S-19500/87 8-83 

USN 2N1195 lVIIL-S-19500/7 lC 8-83 

USA 2N2218 lVIIL-S-19500/25 lD 8-93 

USA 2N2218A lVIIL-S-19500/25 lD 8-95 

USA 2N2219 lVIIL-S-19500/25 lD 8-93 

USA 2N2219A lVIIL-S-19500/25 lD 8-95 

USA 2N2221 1VIIL-S-19500/255D 8-93 

USA 2N2221A 1VIIL-S-l 9500/255D 8-95 

USA 2N2222 1VIIL-S-19500/255D 8-93 

USA 2N2222A 1VIIL-S-19500/255D 8-95 

USN 2N2481 1VIIL-S-19500/268A 8-109 

USA 2N2904, A thru USA 2N2907, A 1VIIL-S-l 9500/290A 8-123 

INTEGRATED CIRCUITS 

USN lVIE 1 lVIIL-lVI-23700/1 11-93 

USN lVIE 2 lVIIL-lVI-237 00/2 11-96 

USN lVIE 3 lVIIL-lVI-23700/3 11-99 

USN lVIE 4 lVIIL-lVI-23700/ 4 11-102 

USN lVIE 5 lVIIL-lVI-23700/5 11-104 

USN lVIE 6 lVIIL-lVI-23700/6 11-107 

USN lVIE 7 lVIIL-lVI-23700/7 11-109 

USN lVIE 8 lVIIL-lVI-23700/8 11-111 
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--MEG-A-LIFE Certified Reliability Assurance --

MEG-A-LIFE CERTIFIED RELIABILITY ASSURANCE 

Motorola's pioneering reliability assurance program, "Meg-A-Life", of
fers germanium industrial transistors with certified reliability. Starting with 
germanium transistors from established production lines of known high-reli
ability, each Meg-A- Life production lot must pass a series of electrical, 
mechanical, environmental and life acceptance tests. The details of these 
tests, including the quality control limits, are. fully specified on the special 
Meg-A-Life specification sheets available for each device type. 

The customer who specified Meg-A-Life transistors receives devices that 
are guaranteed to meet published specifications within stated quality control 
limits. With the purchase of 100 or more Meg-A-Life devices, the customer 
can request a certificate guaranteeing that the :ictual production lot from which 
the devices are shipped passed the acceptance tests. In addition, a copy of the 
actual test data is available to the customer's quality control department. 

This certified assurance of critical transistor parameters, in effect, pro -
vides the customer with his own quality control inspector within the transistor 
manufacturing facility. 

Meg-A-Life transistors are indicated by the addition of the suffix "A" to 
the correspondingbasictype number. Since Meg-A-Life transistors are elec
trically identical to the standard versions, the data pages referenced in the 
following table provide device characterization. 

Meg-A-Life Power Transistors 

2Nll62A thru 2Nll67A 

2Nl529A thru 2N1532A 

2N1534A thru 2N1537A 

2N1539A thru 2N1542A 

2N1544A thru 2N1547A 

2N1549A thru 2Nl560A 

2N2075A thru 2N2082A 

2N2137A thru 2N2146A 

2N2152A thru 2N2154A 

2N2156A thru 2N2158A 

MP500A thru MP502A 

MP504A thru MP506A 

Meg-A-Life Milliwatt Transistors 

. 2N524A thru 2N527A 

2N650A thru 2N652A 

2N2042A thru 2N2043A 
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6-40 

6-46 
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6-49 

6-49 

6-52 

6-57 

6-60 

6-63 

6-63 

6-102 

6-102 
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--MEG-A-LIFE II --. 

MEG-A-LIFE II 
A Real.istic Approach to High Reliability Assurance 

Motorola has instituted the Meg-A-Life II program in order to provide its 
customers with high-reliability semiconductors at the lowest possible cost and 
with the shortest possible delivery cycle. Starting with devices from produc
tion lines with known histories of reliability, Meg-A-Life II adds testing and 
processing operations designed to provide three ascending levels of reliability 
assurance, Level 1, Level 2, and Level 3. 

All three levels of Meg-A-Life II devices undergo reliability processing 
and screening designed to stabilize device parameters and eliminate failure
prone units. For level 2 devices, burn-in at rated load conditions followed by 
intensive screening is added. In addition to these steps, level 3 units receive 
individual lot acceptance testing, including life testing, to military or compar
able specifications. 

Reliability data, including a certificate of compliance and test results, is 
available on all Meg-A-Life II devices. (For level 3 devices, the reliability 
data is for the actual lot from which the devices are shipped. For levels 1 and 
2, the data is from the most recent lot of continuous production which has com
pleted acceptance tests. ) 

The most significant feature of the Meg-A-Life II program is that it pro
vides the required level of reliability assurance with a minimum of cost and 
delivery delay. The cost is low because the cost of acceptance testing is spread 
over many units and prorated by order size. Delivery is rapid and "on sched
ule" because much of the testing and processing, including the time consum
ing life testing, is performed before receipt of the customer's order. 

For more detailed information, send for the brochure, "The Meg-A-Life 
II Program". 

The Motorola Meg-A-Life II Program currently applies to a selected num
ber of zener diodes and high-frequency transistors. These devices are elec
trically similar to the standard versions listed in the data sections of this man
ual. The following table lists currently available Meg-A-Life II devices and 
references the appropriate page in this manual for electrical data. 

Meg-A-Life II Zener Diodes Page 

1N746A thru 1N759A 2-8 

1N962B thru 1N984B 

1N2970B thru 1N3015B 

1N3016B thru 1N3051B 

1N3821A thru 1N3828A 

1N4370A thru 1N4372A 

Meg-A-Life II High-Frequency 
Transistors 

2N2218 thru 2N2219 

2N2218A thru 2N2219A 

2N2221 thru 2N2222 

2N2221A thru 2N2222A 

2N2904,A thru 2N2907,A 
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--MEG-A-LIFE II --

MEG-A-LIFE II PROCESSING FOR HIGH-RELIABILITY ASSURANCE 
WITH THREE LEVELS OF RELIABILITY ASSURANCE 

© 

(LISTINGS BENEATH BOXES ARE TESTS PERFORMED ON 2N2904 SERIES OF PNP 
SILICON EPITAXIAL STAR* TRANSISTORS) 

PROOUCTION 

100% 
RELIABILITY 
PROCESSING 

·High
Temperature 
Stabilization 

• Impact Shock 
·Constant 

Acceleration 
• High-Stress 

Reverse Bias 
Screen 

ELECTRICAL 
CLASSIFICATION 

·Per 
Mil-S-19500/ 
and applicable 
numbers 

• Plus other 
electrical 
selections as 
needed 
e.g. 2N2904A 
through 
2N2907A 

• Extrapolated 
unity gain 
frequency 

·Output 
capacitance 

•Small-signal 
forward current 
transfer ratio 

• lnpL•t 
capacitance 

·High
temperature 
operation 

• Collector-base 
cutoff current 

•Low
temperature 
operation 

• Forward current 
transfer ratio 

·Switching 
parameters 

ORDER 
RECEIVED 

CERTIFIED STOCK WAREHOUSE 

® 
HOLDING AREA 

LEVEL 1 

LEVEL 2 

POTENTIAL 
LEVEL 3 ANO 

MIL-TYPE 
DEVICES 

SAMPLING 

STOCKING 
AREA 

(LEVEL 3 ANO 
Mil-TYPE AFTER 

LOT ACCEPTANCE) 

LOT ACCEPTANCE TEST 

FO~E~:LG:-~~~ JI i 
-----MIL-TYPE"S __ ,__. 

GROUP 
A 

TESTS 

• Visual and 
mechanical 
examination 

• Collector-base 
breakdown 
voltage 

• Emitter-base 
breakdown 
voltage 

• Collector
emitter 
breakdown 
voltage 

.. Collector-base 
cutoff current 

• Forward current 
transfer ratio 

·Collector
emitter 
saturation 
voltage 

• Base-emitter 
saturation 
voltage 

• Forward current 
transfer ratio 

® 

GROUP 
B 

TESTS 

• Physical 
Dimensions 

• Solderability 
• Temperature 

Cycling 
• Thermal Shock 
·Moisture 

Resistance 
·End-Point Tests 
• Shock 
·Constant 

Acceleration 
•Vibration 

Fatigue 
• Vibration, 

Variable 
Frequency 

·End-Point Tests 
• Lead Fatigue 
• Salt Atmosphere 
·High-

Temperature 
Life 

·End-Point Tests 
• Steady-State 

Operation Life 
·End-Point Tests 

I+------ 2 TD 4 WEEKS MIRIMUM ------"" 

• Conducted under same 

~~;1~irl~~1~s 8a~n~~~~~i~~11ablished L..---....1 

®. 

........... PERIODIC LIFE TEST 
Verification of Screen Effectiveness 

BURN-IN 
ANO 

SCREENING 

BURN-IN 
AND 

SCREENING 

• Forward current 
transfer ratio 
measured and 
recorded 

• Rated power 
burn-in 

• Forward current 
transfer ratio 
measured and 
recorded 

• Collector-base 
cutoff current 

• Collector
emitter 
saturation 
voltage 

• Base emitter 
saturation 
voltage 

GROUP 
A 

INSPECTIONS 

• Inspection of 
Group A 
parameters on 
a sample 
basis 

r-----, 
I SHIPMENT I 

® 
WITH GENERIC 

DATA 

WITH 
GENERIC 

DATA 

WITH 
LOT 

DATA 

• Reliability data 
from actual lot 
from which units 
were selected. 

FOR EXPLANATIONS OF EACH 
STEP, SEE NEXT PAGE. 
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--MEG-A-LIFE II --

© 100% RELIABILITY PROCESSING 

Potential Meg -A-Life II devices are subjected to 100 per cent re liability 
processing using conditioning steps specifically selected for each type of de
vice. 

® PARAMETER CLASSIFYING BY TYPE 

Devices that pass 100 per cent reliability processing are submitted to final 
testi,ng of electrical parameters where classification by types is made. 

® MAINTAINING LOT IDENTITY 

The lot is divided into two sections which are moved into the holding area 
of a certified stock warehouse. Both sections of the lot are identified with a 
common lot number. One section is used to fill immediate orders for Meg-A
Life II Level~ 1 and 2 devices (accompanied by g_eneric Group B test results). 

The second section is held intact pending satisfactory completion of lot ac
ceptance tests. After the tests are satisfactorily completed, tnis second sec
tion is transferred to a stocking area in tne warehouse from whicn Motorola 
can then offer military type devices or potential Meg-A-Life II Level 3 (ac
companied by lot Group B test results). Individual lot identity is carefully 
maintained throughout the entire process. 

© LTPD SAMPLING 

The generic data provided with Level 1 and 2 devices is drawn from samples 
which are taken from a production run during a specific period of time or from 
a process batch (lot). If you order 10-watt zener diodes under the Meg-A-Life 
II program, for example, the sample is randomly selected only from tne lines 
producing those diodes, rather thanfrom all zenerdiode lines. Further, sam
pling is done on a.regular basis. Sampling is based on the Lot Tolerance Per
cent Defective (LTPD) technique. 

@ LOT ACCEPTANCE TESTS 

Lot acceptance tests consist of Group A inspections (~lectrical character
istics per military specification or equivalent) and Group B inspections (en
vironmental and life tests per military specification or eqµivalent. Where 
an applicable military specification does not exist, an equivalent specification 
in Mil format is developed. 

Group B inspections include a 1000-hour life test at specified conditions, 
This lot acceptance testing means that your order starts with devices hav

ing a higher assurance of reliability prior to initiating the other Meg,..A-Life 
II screening measures than that which many users are receiving as an end 
product under other reliability assurance programs. Also it takes less time 
to fill your order because the mechanic~!, environmental, and 1000-hour life 
tests have already been completed. 

Effectiveness of ·the screens is frequently checked by comparing the lot ac -
ceptance test data with the screen verification test data obtained later. 
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® SCREENING FOR HIGHER RELIABILITY 

After receipt of order, all Level 2 and 3 products undergo burn-in and 
screening steps to further condition the devices for assurance of a higher de
gree of reliability (see pages 9 and 10). 

The screening procedures used are selected specifically for tne type of de -
vice ordered. Their selection is based upon a thorough knowledge of the be
havior of the devices and the procedures which will accelerate known failure 
modes. However, when ordering Level 2 or 3 products, you may elect to 
specify special burn-in and screening steps based upon your particular appli
cation. 

0 VERIFYING SCREEN EFFECTIVENESS 

This program of failure evaluation and feedback permits design and produc -
tion improvements. Naturally, these improvements make the device imper
vious to certain of the failure modes for which the screening was originally 
selected. As a result, the screens may be changed when so indicated by this 
analysis and feedback. 

Verification of screen effectiveness is determined by periodically conduct
ing follow-on operating life tests on previously screened devices. These life 
tests are conducted under the same conditions as those established for Group 
B inspection. This permits a direct comparison of the results before and after 
screening. 

® PRE-SHIPMENT GROUP A INSPECTION 

All three levels receive a Group A inspection based on your electrical re
quirements prior to shipment. 

® CERTIFICATE OF COMPLIANCE 

Under Motorola's Meg-A-Life II program you may specify three levels of 
reliability assurance. 

A Certificate of Compiiance is provided with each order. This certificate 
attests to the fact that the devices were processed in conformance with the 
specifications of the Motorola Meg-A-Life II program. 
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--Motorola Device Outline Dimensions --

MOTOROLA DEVICE OUTLINE DIMENSIONS 

All dimensions are in 
inches. 

T0-36 PACKAGE 
CASE 5, 6, 7 

LOOr.:-m- ,,JMAA 
~--i 
~~l ! l~MAA 

.311 -r 
.SOOMAA r- .710/.610 

D _1 

#l0·32NF2A ~-BASE 
.l40MAX 

DIA 

.345 
NOM RAO - EMITTER 

CASES!WlTH LUGS) 
CASE6!WITHflEXIBLEL£.AOS) 
CASE7!WITHSTRAIGHTLEADS) 

T0-17 PACKAGE 
CASE 21 

.168 MAX DIA l 
~ 

+.002 
-.IXH 

.017 DIA 

.210 MAX DIA 

180 MAX 

I 

.071 ± .002 

.500 MIN 

EMITTER 

BASE 

COLLECTOR 

SHIELD 

EMITTER 

T0-3 PACKAGE 
CASE 1, 3, 11 

1 
1.0IMAX 

J 

.430--t: .010 

PIN DIA I PIN LENGTH 
CASE 1- 0.040 I 0.32-0.42 
CASE 3-0.050/0.32·0.42 

CASE 11- 0.040/0.44-0.48 

CASE 8 

.146 
TIS 

3 PINS 
.030 :± .003 DIA 

T0-18 PACKAGE 
CASE 22 

.195M.<l<DIA1 

~ 
+.002 
-.001 

.017 DIA 

.185 MAX 

I 

.100 

1-26 

.500 MIN 

EMITTER 

BASE 

COLLECTOR 

T0-41 PACKAGE 
CASE 4, 16 

,oL ~ 
L __ _i~ 

.!;----~ _l r- LMMAA~ 
LENGTHT l LUG ; 

.!Sec.01 ~I' 

110:-,1 I~ 
~ 

LUG LENGTH 
CASE 4-0.68 MAX 
CASE 16- 0.76 MAX 

T0-61 PACKAGE 
CASE9 

J~-"l, 
~_j' 
~:~~~ D ~:~;~ O 

!2LEADSl 

EMITIER 
BASE 

COLLECTOR 

- .355 MAX DIA 

.!69MAAI: 
DIA 

--.IOOOIA 

COLLECTOR I EMITTER 

·/ 
BASE .375 NOM 

~ 



--Motorola Device Outline Dimensions --

OUTLINE DIMENSIONS (continued) 

CASE 23 

.190 MAX 

- .360 MAX DIA 

.l68MAXjt DIA 
--.lOOOIA 

COLLECTOR I ' I EMITTER 

BASE 

T0-52 PACKAGE 
CASE 27 

0.242 

::::~ta 
0.209 '""V 

0.115 0.23010.178~ 
0.150g~0.!951 

I 
00 
N 

0.016 
0.019 

OIA 

EM~TTER BASE 

0.lOO 

COUECTOR 

6-LEAD T0-5 PACKAGE 
CASE 32. 32A 

-----j · 0.335 DIA r--
1 o.310 I 

--ii 0.305 OIA r 
o~]Jom l_.L 
1500 -, 
MIN .QJmJ 
l_ ,0.125 

"-._ 0.016 OlA 
0019 

0.028 
0.034 

- ~:~~~ OIA 

CASE 25 

#8-32UNC-2A 

CASE 29 

~:~~~ DIA 

m·mA 

~:~ii~ 0.380 
Ol10 

0.375 
o:l4S 

D.260 
ONO 

i --j, 
0.185 

L"d•lofitioto I 
:::: Jt9/32 

OIAHOLEITVPJ 

j~.045 0.055 
0.045 
o.m 

CASE 33 

o.1Loomw--o.iso 
"" J:llt I 

I 

-=--:1L .... m 

~lidentiliedb1squwe 
~on on underside of 

l-27 

T0-46 PACKAGE 
CASE 26 

0.230 0.195 ~0.209€"' 
0.'40MAX1_1SEATING 

[ 
fPLANE 

~:~:~ 
0.500 JL.EADS 
MIN 0012 L 0.019 

OIA 

BASE 

T0-5 PACKAGE 
CASE 31 

L_J 
.260 MAX 

370 MAX DIA -

BASE 1.00 

CASE 34 
L_J 

.260MAX 

'.8\tm• 

.200 .-

EMlnER I 
BASE I 1.00 

,v;r \'1------~ 

\>t~;' 



- Motorola Device Outline Dimensions ---

OUTLINE DIMENSIONS (continued) 

CASE 41 
_J_ 

L,_l_,J-i_B \_c 
OUTLINE DIMENSIONS (INCHES) 

PKG. A B c 
MAX MAX ±.002 

41-1 1.00 .500 .032 

41-2 .500 .375 .032 

41-3 1.030 .378 .032 

41-4 1.220 .641 .032 

41-5 .655 .641 .032 

41-6 .520 .275 .022 

41-7 1.000 .375 .032 

CASE 46 

I:©i ! 
filll.0.059 0060 0.077 
0:123 ou rm 0.083 

~=n .-- 0.205 

l_ ~5 

0~ 0.010 
0.065 0.076 

D 
MIN 

1.25 

1.25 

1.25 

1.75 

l.25 

1.25 

1.25 

T0-60 PACKAGE 

CASE 36 

CERAMIC 
D.2<15 
0.195 

0.340 ... Q=1 0.32{1 111 0.160 
0.140 

0.1~5 0.115 
0.300 
0.245 

1-1 
0.453 

10-32 NF 2A 0.420? 
THRfAO L_J 

CASE 42 

CASE 47 

~ 
0.225 0.155 
G.235 IJ.088 0.165 

0.09811-!Lill_ 
o+.o--§;=ri0.155 0.0950.190 -. 

o.1osr-
_1_ .. -,o.764 

~ p;__J_ o.s IJ" 
0.190 

t 0.125 
~ 0.135 
0.195- -

1-28 

CERAMIC PACKAGE 
CASE 37 

0005 DIA 

BASE 

COLLECTOR 

EMITTER 

16 GAGE 

0.040 

crl 

CASE 43 

,,__~--~DIA 

CASE 48 

© 
0.037 

~0.043 
"·"- I l___l_J_ 
~~ 

om I 1---+-r 
~0.050 

0.070 



--Motorola Device Outline Dimensions --

OUTLINE DIMENSIONS (continued) 

CASE 49 

\J;, 
0.424 

0.075 L_l 
NOM 

0.120 NDM 

10-32 NF-2A 
Maximum Allowable 
Torque on 
Mounting Stud is 
12-lnch-Pounds 

0.070 NDM DIA 

CASE 52 

+ ~ ~225MAXDIA 
t--=w.- 090 MAX DIA 

'~~-----'-350MAX 
~ f A l.25MIN 

~- ~-----'-

CASE 55 

w- 1=r ,__
1 L_ 

r--
~DIA 
.043 

.417 

.ll5 
IB 

l.00 MAX 

CASE 50 

0.045~~ 

~1-1' Jt015 

CASE 53 

~ 
I l_j 

020 DIA-+- .OOl 
. -·.001 

~ 1--.050±005 

ALL DIMENSION :±: .010 
EXCEPT WHEN SPECIFIED 

D0-4 PACKAGE 

CASE 56 
1____ 

7/16HEX @ 

11 .280 MAX DIA 

~D .070 DIA 

l_ .405 MAX 

10-32 Nf-2A 

1-29 

D0-7 GLASS PACKAGE 
CASE 51 

300 MAX 

,-f~;: 
·+·~ IL.1 

-~-~ 

l.OOMIN 

~ _______._t 

T0-3 PACKAGE 

CASE 54 

l 
l.OlMAX 

I 

.430:-t.010 

CASE 57 

565 r AX 

~ ~ 
50 MIN 

THREE (3) LEADS .032 OJA ± .003 

.100±~0061 .100 ± .006 

JOO± .006 

0 

.lllO ± .006 

NOT CONNECTED 



--Motorola Device Outline Dimensions ---

OUTLINE DIMENSIONS (continued) 

.070NOM 
DIA -

.453 
122 

r 

CASE 58 

.470MAX !CATHODE) 

"SURMETIC" * 
CASE 59 

*~DIA 

~ 
I !TN 

- 1.4·28-UNF·2A 
*Tndem1rt1 Of Motorola 

T0-41 PACKAGE 
CASE 61 CASE 62 

1= 
ii DIA 

'-l•~----ii DIA 

.10/.14 

.24 

(Case 54 with Solder Lugs) 

T0-48 PACKAGE 
CASE 64 CASE 65 

~~ 

1-30 

CASE 60 

I CATHODE:[]_ .D51 ± .005 DIA 

h¥.35MAXDIA .30MAX 

~ 0.45MAXDIA 

1.00 MIN l ANODE--~ .051 ± .005 DIA 

MR1030ASeries 

GATE 

CASE 63 
210DIA 

CATHODE 

7/18HEX 

'"ODE 
10-32ftf-2A 

CASE 66 

CATHODE 
MCR1605series 
ANOOE 
MCR1605series 

·~,..~! 
~~ ~ ~;: ~~+= r~I 
~ f-T-t ~~.45-I l- 0.99 
MAX~ MIN ANODE 0.051DIA 

MCRl605Rseries l 
CATHODE 
MCR1605R:;eries 



--- Motorola Device Outline Dimensions ---

OUTLINE DIMENSIONS (continued) 

CASE 67 
ANODE 
MCRJ604Rseries 
CATKODE 
MCR1604Rserres 

CATHODE 
MCRl604series 
ANODE 
MCRl604series 

O.lS9 --j t- 0.032DIA 
I I' 0 3PLACES 

CASE 70 
f~l~A~X 
1r·J5D~AX1 

'f,, 

0.094 
0.106 

0.90 MIN 

j ANODE~ ~- CATHOOE 

j I -ll--.032± .005 
.051±.005 -

OIA 

T0-53 PACKAGE 
CASE 78 

~:;:~h 0.680 
0.055 0.6701 0.355 
- 0.305 
0.040 

0045t=~ 
0.035 ~~l-

~ Uo.2000.420 
0.200-l 1-- 0.370 

CASE 68 

.45 MAX 

j. .. "~ 
'L_ 

.042 MAX O!A 

10-LEAD T0-5 PACKAGE 
CASE 71 

T0-39 PACKAGE 
CASE 79 

1-31 

CASE 69 

CATHODE 

10-LEAD FLAT PACKAGE 
CASE 72 

t~ MIN. 
oos::_J ,_JJ __ o.01s HP 

0055 0.0035 1-.L_ 0.0_055 

I 1'°"°""'~ 
0.030 

REF LEAD I IDENTIFIED BY 
IMPRESSION ON 
UNDERS!OE OF CASE 

T0-66 PACKAGE 
CASE 80 

0.5-00 
0.470DIA~ 0.340 

::~Ilg 1'"50 
l__ 

I I 
0.034 DIA 
0.028 ~ .. 107 0.360 

0093 MIN 

0.210 
0.190 



--Motorola Device Outline Dimensions ---

OUTLINE DIMENSIONS (continued) 

14-LEAD FLAT PACKAGE 

CASE 83 

0150 

L 
0.150 

"'" lj 
0.050TYP L _J~O.OISTYP 

0.055 0.0035 1-i_ 0.0055 

rr=~=t 
0.0301 

REF 

LEADIIDENTIFIWBY 
IMPRESSION ON 
UNDERSIOEOFCASE. 

12-LEAD T0-5 PACKAGE 
CASE 98 

0.185 
MAX 

0.420 
DIA 
MAX 

0.350 
DIA 
MAX 

5-LEAD T0-5 PACKAGE 

0.185 
MAX 

0.420 
rnA 
MAX 

CASE 89 

CASE 85 

~- .. w Jthrn 

0.420 
DIA 
MAX 

CASE 88 

~~•w 

0.90 

~ 
1-32 

ANODE 
0.049 
0.055 

DIA 

8-LEAD T0-5 PACKAGE 
CASE96, 96A 

~:!~~ 
0.335 
o.3os-t 0.185 l 0.165 

"RTLTYf'£SONLY 

CASE96A:IOPINT0·5 
PINCIRCLE=0.230 

CASE 86 

~ 
L_jf~mATCAN 



MOTOROLA 
SILICON ZENER DIODES 

TEMPERATURE COMPENSATED DIODES 
REFERENCE AMPLIFIERS 
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I 
--Motorola Silicon Zener Diodes --

300 
FORWARD 
CHARACTERISTIC 
TYPICAL 
(ALL TYPES) 200 

< 
§ 
..$ 

100 

REVERSE VOLTAGE 
(VOLTS) 

('1,. .... 1 .. @ v .. J;r 
fI +--I-+- - - +- --

~I,.. 

• If - Forward Current 
• 12 - Zener Current 
• 12 1( ·Zener Current Near 

Breakdown Knee 
• lzw • Maximum DC Zener Current 

(limited by power dissipation) 
• lzr • Zener Test Current 
• VF ·Forward Voltage 

< 
§ 
..!! 

j 

1 
II 

r/ 
0.5 1.0 I. 

V, (VOLTS) 

REVERSE 
CHARACTERISTIC 

(See table for 
specific values) 

• Vz - Nominal Zener Voltage 
• Zz • Zener Impedance 
• Zzl( ·Zener Impedance Near 

Breakdown Knee Un) 
• Zu - Zener Impedance At 

Test Current Uul 
• la - Reverse Current 
• Va - Reverse Test Voltage 

• For high-reliability devices produced under the Meg-A-Life II program, see 
page 1-22. 

• For case outline dimensions, see page 1-26. 

• For devices meeting military specifications, see page 1-18. 
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--Motorola Silicon Zener Diodes --

MOTOROLA SILICON ZENER DIODES 

The zener diode is unique within the semiconductor family of devices in that 
its important electrical properties are associated with a p - n junction 
operated under reverse-bias avalanche (breakdown) conditions. The major 
electrical characteristics associated with such devices, from an applications 
viewpoint, are defined as follows: 

Zener Voltage -- (V z) -- Nominal zener voltage, measured at a specified 
test current {IzT) in the constant-voltage region, with the device junction 
in thermal equilibrium with a 25°C ambient temperature. 

Zener Impedance -- (Zz) -- The impedance of a zener diode is normally 
specified at two points of the zener characteristics curve: at the knee of the 
zener plateau, and near the midrange of the zener excursion. The values of 
Zz are derived by superimposing a 60-cycle current on the zener test current 
{IzT) or on the zener knee current (IzK) and measuring the resulting AC voltage 
across the device. The RMS value of the applied 60-cycle current is 10% of the 
zener current (IZT or IzK). 

A 100% CRT curve trace is used to insure that each zener diode breakdown 
region begins at a current lower than IzK and continues at nearly constant 
voltage to a current level in excess of IzM· 

Maximum Zener Current Rating -- {IzM) -- This current rating denotes the 
maximum current that can be supplied by a device without exceeding the rated 
power level. This depends, of course, on the nominal zener voltage {Vz). 

Reverse Current -- (IR) -- Reverse current is the leakage current of the 
zener diode in the non-conducting region of the device, i. e. , in the area of an 
applied voltage between 0 and avalanche breakdown. It is normally specified 
at a reverse voltage (VR) of approximately O. 8 (V Z -- tolerance) 

AVAILABILITY 

Because zener diodes are specified at specific voltages ranging, in small 
increments, from 2. 4 volts to 200, and because many of these voltage ratings 
are duplicated in each of the various power classifications, the number of zener 
diode type numbers far exceed that of any other semiconductor product. 
In addition to this wide range of standard devices, an almost unlimited variety 
of custom units with special tolerances, special voltages, matched pairs, 
etc. , can be readily supplied to order at a nominal cost. For requirements 
that are not covered by one of the standard devices, consult a Motorola fran
chised semiconductor distributor or Motorola semiconductor representative. 
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I 
Nominal 
Zener 

Voltage 

2.4 
2.7 
3.0 
3.3 
3.6 
3.9 

4.3 
4.7 
5.1 
5.6 
6.2 
6.8 

7.5 
8.2 
9.1 

10 
12 

6.8 
7.5 
8.2 
9.1 

10 
11 

12 
13 
15 
16 
18 
20 

22 
24· 
27 
30 
33 
36 

39 
43 
47 
51 
56 
62 

68 
75 
82 
91 

100 
110 

120 
130 
150 
160 
180 
200 

-- Motorola Silicon Zener Diodes --

MOTOROLA ZENER DIODE QUICK SELECTION CHART 

IMPORTANT ... The zener diodes listed below represent 
only a basic profile of Motorola's zener diode line. While 
the listing includes the industry-preferred types, 
many additional types, including in-betw.een voltages, 
are available. 

IA WATT 400 MILLIWATT % WATT 1 WATT 

liiil 
l:j 

•surmetic 
CASE 51 CASE 51 CASE 59 CASE 52 

INDUSTRIAL 1 INDUSTRIAL INDUSTRIAL ~EETS SPECS OF INDUSTRIAL INDUSTRIAL 1 MEETS SPECS OF 
(NOTE I) '1o5%TOLERANCE (NOTE 2) IL·S·l9500/127 (NOTE 3) (NOTE 2) MIL·S·l9500/115 

ALLOY JUNCTION TYPES 
l/4M2.4AZ 1N4370 
1fAM2.7AZ 1N4371 
'4M3.0AZ 1N4372 
'4M3.3AZ 1N746 1N3821 
l/4M3.6AZ 1N747 1N3822 
1/4M3.9AZ 1N748 1N3823 

'.4M4.3AZ 1N7 .. 9 1N3824 
l/4M4.7AZ 1N7.50 1N3825 
1,4M5.1AZ 1N751 1N3826 
'.4MS.6AZ 1N752 1N3927 
1J4M6.2AZ 1N7S3 1N3828 

1N754 1N3829 

1N755 1N3830 
1N756 
1N757 
1N758 
1N759 

DIFFUSED JUNCTION TYPES 

(NOTE 3) (NOTE 3) 
'.4M6.8Z 1N4099 1N9S7 1N3675 1N3016 
l/4M7.SZ 1N4100 1N958 1N3676 1N3017 
T/.cM&:2Z 1N4101 1N959 1N3677 1N3018 
1,4M9.1Z 1N4103 1N960 1N3678 1N3019 
1/4M10Z 1N4104 1N961 1N3679 1N3020 
1/4M11Z 1N4105 1N962 1N3680 1N3021 

l/4Ml2Z 1N4106 1N963 1N3681 1N3022 
'.4M13Z 1N4107 1N964 1N3682 1N3023 
l/4MlSZ 1N4109 1N965 1N3683 1N3024 
1/4Ml6Z 1N4110 1N966 1N3684 1N3025 
1/4Ml8Z 1N4112 1N967 1N3685 1N3026 
1/4M20Z 1N•114 1N968 1N3686 1N3027 

l/4M22Z 1N4115 1N969 1N3687 1N3028 
1/4M24Z 1N4116 1N970 1N3688 1N3029 
1/4M27Z 1N4118 1N971 1N3689 1N3030 
l/4M30Z 1N4120 1N972 1N3690 1N3031 
t/4M33Z 1N4121 1N973 1N3691 1N3032 
1/4M36Z 1N4122 1N974 1N3692 1NS033 

1/4M39Z 1N4123 1N975 1N3693 1N3034 
1/4M43Z 1N4124 1N976 1N3694 1N3035 
l/4M47Z 1N4125 1N977 1N3695 1N3036 
l/4M51Z 1N4126 1N978 1N3696 1N3037 
1/4M.56Z 1N4127 1N979 1N3697 1N3038 
1/4M62Z 1N4129 1N980 1N3698 1N3039 

1/4M68Z 1N4130 1N981 1N3699 1N3040 
1/4M75Z 1N4131 1N982 1N3700 1N3041 
l/4M82Z 1N4132 1N983 1N3701 1N3042 
14M91Z 1N4134 1N984 1N3702 1N3043 
lf..MtOOZ IN4135 1N985 1N3703 1N3044 
1/4M110Z 1N986 1N3704 1N3045 

1/4M120Z 1N987 1N3705 1N3046 
14M130Z 1N988 1N3706 1N3047 
1.4M1.50Z 1N989 1N3707 1N3048 
l/4Ml60Z 1N990 1N3049 
l/4Ml80Z 1N991 1N3050 
1/4M200Z IN992 1N3051 

MILITARY TYPES *MEG-A-LIFE II TYPES 
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1 WATT 

iiil 

*Surmetlc 
CASE 59 

INDUSTRIAL 

(NOTE 2) 

1N4728 
1N4729 
1N4730 

1N4731 
1N4732 
1N4733 
1N4734 
1N4735 

1N4736 
1N4731 
1N4738 
TN4739 
1N4740 
1N4741 

1N4742 
1N4743 
1N4744 
1N4745 
TN4746 
1N4747 

1N4748 
1N4749 
1N4750 
1N4751 
1N4752 
1N4753 

1N4754 
1N4755 
1N4756 
1N4757 
1N4758 
1N4759 

1N4760 
1N4761 
1N4762 
1N4763 
1N4764 

-- Motorola Silicon Zener Diodes --

MOTOROLA ZENER DIODE QUICK SELECTION CHART 

IMPORTANT ... The zener diodes listed below represent 
only a basic profile of Motorola's zener diode line. While 
the listing includes the industry-preferred types 
many additional types, including in-between voltages: 
are available. 

11h WATT 10 WATT 50 WATT 

~ ~ CASE54~ ~ CASE 55 CASE 56 CASE 58 

INDUSTRIAL INDUSTRIAL I MEETS SPECS OF INOUSTRIAL MEETS SPECS OF INDUSTRIAL 

(NOTE 3) 1"0TE 2) MIL·S·l9500/277 (NOTE 3) MIL·S-19500/114 <NOTE 3) 

1N3993 

1N3994 
1N3995 
1N3996 
1N3997 
IN3998 
1N3999 

1N4000 

1N3785 1N3305 
1N3786 1N3306 
IN3787 1N3307 
1N3788 1N3308 
TN3789 1N3309 
1N3790 1N3310 

1N3791 1N2976 1N3311 
1N3792 1N2977 1N3312 
1N3793 1N2979 1N3314 
1N3794 1N2980 1N3315 
IN3795 1N2982 1N3317 
1N3796 1N298.4 1N3319 

1N3797 1N2985 1N3320 
1 N3798 1N2986 1N3321 
1N3799 1N2988 1N3323 
1N3800 1N2989 1N3324 
1N3801 1N2990 tN3325 
1NJ802 1N2991 1N3326 

1N3803 1N2992 1N3327 
1N3804 1N2993 1N3328 
1N3805 1N2995 1N3330 
1N3806 1N2997 1N3332 
1N3807 1N2999 1N3334 
1N3808 1N3000 1N3335 

1N3809' 1N3001 1N3336 
1N3810 1N3002 1N3337 
1N3811 1NJ003 1N3338 
1N3812 1N3004 1N3339 
1N3813 1N3005 1N3340 
1N3814 1N3007 1N3342 

1N3815 1N3008 1N3343 
1N3816 1N3009 1N3344 
IN3817 1N30·11 1N3346 
1N3818 1N3012 1N3347 
1N3819 1N3014 1N3349 
1N3820 1N3015 1N3350 
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Nominal 

Zener 

I 
Voltage 

2.4 
2.7 
3.0 
3.3 
3.6 
3.9 

4.3 
4.7 
5.1 
5.6 
6.2 
6.8 

7.5 
8.2 
9.1 

10 
12 

6.8 
7.5 
8.2 
9.1 

10 
11 

12 
13 
15 
16 
18 
20 

22 
24 
27 
30 
33 
36 

39 
43 
47 
51 
56 
62 

68 
75 
82 
91 

100 
110 

120 
130 
150 
160 
180 
200 



I 
-- Motorola Silicon Zener Diodes 

lf.tM2.4Az thru lf.tM200z 1,4 Watt 

\ 

\ 
2.4 -200V 

Hermetically sealed, all-glass case with all external 
surfaces corrosion resistant. Cathode end, indicated 
by color band, will be positive with respect to anode end 
when operated in the zener region. 

CASE 51 \ 
(D0-7) 

ABSOLUTE MAXIMUM RATINGS 

Junction and Storage Temperature: -65°C to +175°C 
D-C Power Dissipation: 1/4 Watt(Derate 1. 67 mW/°CAbove 25°C) 
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-- Motorola Silicon Zener Diodes 

lf.IM2.4AZ thru 1/.JM 6.2 AZ (continued) 

ELECTRICAL CHARACTERISTICS (At 2s•c Ambient VF= l.5V max (gl 100 mA l 

MAXIMUM 
REVERSE LEAKAGE CURRENT, ( 11) NOMINAL• ZENER MAXIMUM 

ZENER TEST IMPEDANCE OC ZENER 
MOTOROLA VOLTAGE CURRENT (Zzr) ohms CURRENT ·--
TYPE NO. (Y,) VOLTS (lzr) mA @lzr) !1111)mA I, MAX TEST VOLTAGE Ydc 

@lzr (1<A) 5% Y, 10% 

1/4M2. 4AZ 2. 4 10 60 70 75 1 1 
l/4M2. 7AZ 2. 7 10 60 65 75 1 1 
l/4M3. OAZ 3. 0 10 55 60 50 1 1 
1/4M3. 3AZ 3. 3 10 55 55 50 1 1 
l/4M3. 6AZ 3. 6 10 50 52 50 1 1 

1/4M3. 9AZ 3. 9 10 50 49 25 1 1 
1/4M4. 3AZ 4. 3 10 45 46 25 !. 5 1. 5 
1/4M4. 7AZ 4. 7 10 35 42 10 !. 5 1. 5 
l/4M5.1AZ 5. 1 10 25 39 5 !. 5 1. 5 
1/4M5. 6AZ 5. 6 10 20 36 5 !. 5 1. 5 
1/4M6. 2AZ 6.2 10 15 33 5 3. 5 3. 5 

1/4M6. 8Z 6. 8 9. 2 7. 0 33 150 5. 2 4. 9 
1/4M7. 5Z 7. 5 8. 3 8.0 30 75 5. 7 5. 4 
1/4M8. 2Z 8. 2 7. 6 9. 0 26 50 6. 2 5. 9 
1/4M9.1Z 9.1 6. 9 10 24 25 6. 9 6. 6 
1/4MIOZ 10 6. 3 11 21 10 7. 6 7. 2 

1/4M11Z 11 5. 7 13 19 5 8. 4 8. 0 
1/4M12Z 12 5. 2 15 18 5 9. 1 8. 6 
l/4M13Z 13 4. 8 18 16 5 9. 9 9. 4 
l/4M14Z 14 4. 5 20 15 5 10. 6 10. 1 
l/4M15Z 15 4. 2 22 14 5 11. 4 10. 8 

l/4M16Z 16 3. 9 24 13 5 12. 2 11. 5 
1/4M17Z 17 3.1 26 i2. 5 5 13. 0 12. 2 
1/4M18Z 18 3. 5 28 11. 5 5 13. 7 13. 0 
1/4Ml9Z 19 3. 3 30 11. 0 5 14. 4 13. 7 
l/4M20Z 20 3.1 33 10. 5 5 15. 2 14. 4 

1/4M22Z 22 2. 8 40 9. 5 5 16. 7 15. 8 
l/4M24Z 24 2. 6 46 9.0 5 18. 2 17. 3 
1/4M25Z 25 2. 5 50 8. 0 5 19. 0 18. 0 
1/4M27Z 27 2. 3 58 7. 5 5 20. 6 19. 4 
l/4M30Z 30 2.1 70 7. 0 5 22. 8 21. 6 

1/4M33Z 33 !. 9 85 6. 5 5 25.1 23. 8 
1/4M36Z 36 !. 7 100 6.0 5 27. 4 25. 9 
1/4M39Z 39 !. 6 120 5. 0 5 29. 7 28.1 
l/4M43Z 43 !. 5 140 4. 8 5 32. 7 31. 0 
1/4M45Z 45 !. 4 150 4. 5 5 34. 2 32. 4 

1/4M47Z 47 1. 3 160 4. 3 5 35. 8 33. 8 
l/4M50Z 50 !. 2 180 4. 1 5 38. 0 36.0 
1/4M52Z 52 !. 2 200 4.0 5 39. 5 37. 4 
1/4M56Z 56 !. 1 230 3. 8 5 42. 6 40. 3 
1/4M62Z 62 !. 0 290 3. 3 5 47.1 44. 6 

1/4M68Z 68 0. 92 350 3. 0 5 51. 7 49. 0 
1/4M75Z 75 0. 83 450 2. 8 5 56. 0 54.0 
l/4M82Z 82 0. 76 550 2. 5 5 62. 2 59. 0 
l/4M91Z 91 0. 69 700 2. 3 5 69. 2 65. 5 
l/4M100Z 100 0. 63 900 2. 0 5 76. 0 72.0 

l/4M165Z 105 0. 60 1000 1. 9 5 79. 8 75. 6 
1/4M110Z 110 0. 57 1200 1. 8 5 83. 6 79. 2 
1/4M120Z 120 0. 52 1500 1. 7 5 91. 2 86. 4 
l/4M130Z 130 0. 48 1900 !. 5 5 98. 8 93. 6 
1/4M140Z 140 0. 45 2200 1. 4 5 106. 4 100. 8 

1/4M150Z 150 0. 42 2500 !. 3 5 114.0 108. 0 
1/4Ml75Z 175 0.36 3300 !. 1 5 133. 0 126.0 
1/4M200Z 200 0. 31 4300 !. 0 5 152. 0 144. 0 
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I 
-- Motorola Silicon Zener Diodes 

1 N702 thru 1N745 

CASE 51 
(D0-7) 

\ 

\ 
\ 

1N746 thru 1N759 
1 N4370 thru 1 N4372 

CASE 51 
(D0-7) 

\ 

\ 
\ 

'l/.JWatt 
2-200V 

Recommended for applications requiring an exact re
placement only. For new designs and for industry pre
ferredreplacement devices, see 1N746--, 1N957-- and 
1N4370-- series. Absolute maximum rating-junction 
and storage temperature range -65 to +175°C, derated 
1. 67 mW/°C. 

400mW 
2.4-12V 

Hermetically sealed, all-glass case with all external 
surfaces corrosion resistant. Cathode end, indicated 
by color band, will be positive with respect to anode end 
when operated in the zener region. 

ABSOLUTE MAXIMUM RATINGS 

Junction and Storage Temperature: -65°C to +175°C 
D-C Power Dissipation: 400 Milliwatts at 50°C Ambient (Derate 3. 2 mW /° C 
Above 50° Ambient) 

TOLERANCE DESIGNATION 
The type numbers shown have tolerance designations as follows: 

1N4370 series: ± 10%, suffix A for ± 5% units. 
1N746 series: ± 10%, suffix A for± 5% units. 

ELECTRICAL CHARACTERISTICS. (T• = 2s·c unless otherwise noted) 

-Ull llMllSE WIAGE CURREllT 
NDllllW.• llAXlllUll 

IEDEC ZENER YOLTACE TEST MAXlllUll ZENER lllPEDAllCE DC ZENER CURROO 
TYPE Y1 @1n CURROO Zn@ln 1 .. T,= 25'C T, = 158"C 

NUllBER In J,@Y, =lY 1.@ y, =lY 
VOLTS llA Ohms mA 

"" "" 1N4370 2.4 20 30 150 100 200 
1N4371 2.? 20 30 135 ?5 150 
1N4372 3.0 20 29 120 50 100 
1N746 3.3 20 28 110 10 30 
1N747 3.6 20 24 100 10 30 
1N748 3.9 20 23 95 10 30 

1N749 4.3 20 22 85 2 30 
1N750 4.? 20 19 15 2 30 
1N751 5.1 20 11 10 I 20 
1N752 5.6 20 11 65 I. 20 
1N753 6.2 20 1 60 0.1 20 
IN?54 6.8 20 5 55 0.1 20 

1N755 ?.5 20 6 50 0.1 20 
1N756 8.2 20 8 45 0.1 20 
1N757 9.1 20 10 40 0.1 20 
1N758 10.0 20 11 35 0.1 20 
1N759 12.0 20 30 30 0.1 20 
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-- Motorola Silicon Zener Diodes 

IN761thru1N769 

IN957 thru 1 N992 

CASE 51 
(00·7) 

\ 

\ 
\ 

MAXIMUM RATINGS 

Recommended for applications requiring an exact re
placement only. For new designs see 1N746 -- and 
1N4370 -- series. 

400 mW 
6.8- 200V 

Hermetically sealed, all-glass case with all external 
surfaces co~Tosion resistant. Cathode end, indicated 
by color band, will be positive with respect to anode 
end when operated in the zener region. 

Junction and Storage Temperature: -65 to +1750C 
DC Power Dissipation: 400 mW at 50°c Ambient (Derate 3. 2 mw/0c 
above 50°c Ambient. ) 
TOLERANCE DESIGNATIONS 

With no suffix, tolerance is + 20% for± 10% units, add suffix A, for± 5% units, 
add suffix B. - ' 

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

NOMINAL' MAXIMUM ZENER IMl'EDANCE MAXIMUM MAXIMUM REVERSE CURRENT 
JEOEC ZENER VOLTAGE TEST DC ZENER CURRENT 
TYPE v, CURRENT 1,. 

NUMBER In Zn@hr Zu@ln 1,. I, MAXIMUM TEST VOLTAGE Vdc 
VOLTS mA Ohms Ohms mA mA (µA) 5% v, 10% 

1N957 6.8 18.5 4.5 700 l.O 47 150 5.2 4.9 
IN958 7.5 16.5 5.5 700 0.5 4;'. 75 5.7 5.4 
1N959 8.2 15 6.5 700 0.5 38 50 6.2 5.9 
1N960 9.1 14 7.5 700 0.5 35 25 6.9 6.6 
1N961 10 12.5 8.5 700 0.25 32 10 7.6 7.2 
lN962 11 11.5 9.5 700 0.25 28 5 8.4 8.0 

1N963 12 10.5 11.5 700 0.25 26 5 9.1 8.6 
1N964 13 9.5 13 700 0.25 24 5 9.9 9.4 
1N965 15 8.5 16 700 0.25 21 5 11.4 10.8 
lN966 16 7.8 17 700 0.25 19 5 12.2 11.5 
1N967 18 7.0 21 750 0.25 17 5 13.7 13.0 
1N968 20 6.2 25 750 0.25 15 5 15.2 14.4 

1N969 22 5.6 29 750 0.25 14 5 16.7 15. 8 
1N970 24 '5.2 33 750 0.25 13 5 18.2 17. 3 
1N971 27 4.6 41 750 O,i:S 11 5 20.6 19. 4 
1N972 30 4.2 49 1000 0.25 10 5 22.8 21. 6 
1N973 33 3.8 58 1000 0.25 9.2 5 25.1 23. 8 
1N974 36 3.4 70 1000 0.25 8.5 5 27.4 25. 9 

1N975 39 3.2 80 1000 0,25 7.8 5 29.7 28. 1 

1N976 43 3.0 93 1300 0.25 7.0 5 32.7 31. 0 

1N977 47 2.7 105 1300 0.25 6.4 5 35.8 33. 8 
1N978 51 2.5 125 1500 0,25 5.9 5 38.8 36. 7 

1N979 56 2.2 150 2000 0.25 5.4 5 42.6 40. 3 
1N980 62 2.0 185 2000 0.25 4.9 5 47.1 44. 6 

1N981 68 l.8 230 2000 0.25 4.5 5 51. 7 49.0 
1N982 75 1. 7 270 2000 0.25 4.0 5 56.0 54.0 
1N983 82 1.5 330 3000 0.25 3.7 5 62.2 59.0 
1N984 91 l.4 400 3000 0.25 3.3 5 69.2 65.5 
1N985 100 1.3 500 3000 0.25 3.0 5 76.0 72.G 
1N986 110 1.1 750 4000 0.25 2.7 5 83.6 79.2 

1N987 120 l.O 900 4500 0.25 2.5 5 91.2 86.4 
1N988 130 0.95 1100 5000 0.25 2.3 5 98.8 93.f, 
1N989 150 0,85 1500 6000 -0.25 2.0 5 114.0 108.0 
1N990 160 0.80 1700 6500 0.25 1.9 5 121.6 115.2 
1N991 180 0.68 2200 7100 0,25 1.7 5 136.8 129.6 
1N992 200 0.65 2500 8000 0.25 l.5 5 152.0 144.0 
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--Motorola Silicon Zener Diodes 

1N1313thru1N1327 150mW 
8.75 - 127.5 v 

Very low power zener diodes with standard ±10% toler
ances. Available with ±5% tolerance by adding suffix 
"A" to type number. Single-ended hermetically sealed 
metal case designed for easy insertion in printed-circuit 
boards. 

ABSOLUTE MAXIMUM RATINGS 

Junction and Storage Temperature Range: -65 to +175°C (Derate lmW/°C 
above 25° C). 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted) 

Max Reverse Current Max Reverse Current 
Nominal Test Nominal Test 
Voltage TA= 25'C TA= 100'C Voltage Voltage TA= 25 c TA=100C Voltage 

Vz@ In = 200 µA 1,@v, IA@V, v, Vz@ lzr = 200 µA 1,@v, IA@V, v, 
Type volts µA µA volts Type volts µA µA volts 

1N1313 8.75 0.5 5 6.8 1Nl318 23.50 0.1 10 18 
1N1314 10.50 0.5 5 8.2 1N1319 28.50 0.1 10 22 
1N1315 12. 75 0.5 5 10 1N1320 34.50 0.1 10 27 
1N1316 15. 75 0.5 5 12 1N1321 41.00 0.1 10 33 
1N1317 19.00 0.5 5 15 1Nl322 48.50 0.1 10 39 

Max Reverse Current 
Nominal Test 
Voltage TA= 25'C TA~ 1oo·c Voltage 

Vz@ lzr = 200 µA l,@V, IA@V, v, 
Type volts µA µA volts 

1N1323 58.00 0.1 10 47 
1N1324 71.00 1.0 50 56 
1N1325 87.50 1.0 50 68 
1Nl326 105.0 1.0 50 82 
1Nl327 127.5 1.0 50 100 

1N1351thru1N1375 10 Watt 
10 - 100 v 

CASE 56 
(D0-4) 

Recommended for applications requiring an exact re
placement only. For new designs and for industry pre
ferred replacement devices, see 1N2970 series. 
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-- Motorola Silicon Zener Diodes --

3,4 Watt 
3.9-27V 1N 1507 thru 1N1517 

\ 
Recommended for applications requiring an exact re

placement only. For new designs and for industry pre
ferred replacement devices, see 1-watt, 1N3016 and 
1N3821 series. 

CASE52 \ 
\ 

1N1518thru1N1528 
1 Watt 
3.9-27 v 

CASE 56 
(D0-4) 

Recommended for applications requiring an exact 
replacement only. For new designs and for industry 
preferred replacement devices, see 1N3016 and 
1N3821 series. 

lN 1588 thru lN 1598 
3.5 Watt 
3.9-27V 

CASE 56 
(D0-4) 

Recommended for applications requiring an exact re
placement only. For new designs and for industry pre
ferred replacement devices, see 1N2970 and 1N3993 
series. 

1N1599 thru 1N1609 10 Watt 
3.9-27V 

Recommended for applications requiring an exact 
replacement only. For new designs and for industry 
preferred replacement devices, see 1N2970 and 
1N3993 series. 

lN 1765 thru lN 1802 
1 Watt 
5.6-200V 

\ 

CASE52 \ 

\ 

Recommended for applications requiring an exact re
placement only. For new designs and for industry pre
ferred replacement devices, see 1N3016 series. 
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-- Motorola Silicon Zener Diodes 

1N1803 thru 1N1836 
10 Watt 
5.6- 200V 

CASE56\ 
(00-4) 

Recommended for applications requiring an exact re
plac'ement only. For new designs and for industry pre
ferred replacement devices, see 1N2970 and 1N3993 
series. 

1 N2008 thru 1N2012 
10 Watt 
100-150V 

CASE 56 
(00-4) 

' \ 
Recommended for applications requiring an exact re

placement only. For new designs and for industry pre
ferred replacement devices, see 1N2970 series. 

1 N2032 thru 1 N2040 
3,4 Watt 
4.3-12 v 

CASE 56 
(00-4) 

Recommended for applications requiring an exact re
placement only. For new designs and for industry pre
ferred replacement devices, see 1N3821 and 1N3016 
series. 

1 N2041 thru 1 N2049 10 Watt 
4.3-27V 

CASE 56 
(00-4) 

Recommended for applications requiring an exact re
placement only. For new designs and for industry pre
ferred replacement devices, see 1N3993 and 1N2970 
series. 

1 N2498 thru 1N2500 10 Watt 
10-12 v 

CASE 56 
(00-4) 

Recommended for applications requiring an exact re
placement only. For new designs and for industry pre
ferred replacement devices, see 1N2970 series. 
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-- Motorola Silicon Zener Diodes --

1N2804 thru 1N2846 
50 Watt 
6.8-200 v 

CASE~ 
Units are available with anode-to-case and cathode

to-case connections (standard and reverse polarity). 
Has two parallel pin connections to ungrounded element 
so that circuit to load may be broken if unit is removed 
from socket. For reverse polarity, add suffix "R" to 
type number. Same devices in stud-type package avail
able- see 1N3305 - 1N3350 series. (T0-3) 

ABSOLUTE MAXIMUM RATINGS 

Junction and Storage Temperature: -65°C to +175°C. 
D-C Power Dissipation: 50 Watts. (Derate 0. 5 W /°C above 75°C). 

T0-3 APPLICATIONS INFORMATION 

H these units are used with a socket, the unregulated line should feed into one 
pin through a. suitable current limiting resistor and the load should be connected 
to the other pin. This will result in the circuit to the load being broken when 
unit is removed from socket. When soldered-in, pins may be connected in 
series to load, paralleled, or only one may be used as suits the application. 

Typical circuit connections for anode-to-case and cathode-to-case polarities 
(standard and reverse polarities, respectively) are as shown on fol lowing page. 
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-- Motorola Silicon Zener Diodes 

1 N2804 thru 1 N2846 (continued) 

CIRCUIT CONNECTIONS 
STANDARD POLARITY REVERSE POLARITY 

(ANODE TO CASE) (CATHODE TO CASE) 

( .. :.~~UDFOF~ x o~Nc~s;PEA~g ) 
JUMPER 

LOAD 

t 

ELECTRICAL CHARACTERISTICS (TA= 30'C unless otherwise noted) 

Max DC Zener 
Typical 

Nominal Mu Zener Impedance Max Reverse Current Zener 
Zener Yolt.111 Test Current Volt111 

£IA Type No. (Vi)\nl In Current 75°C Case Temp 
---~--- Temp. Coeff. 

50 Watt (10-31 Volts (lzr) Zn@ 1 u ZzK @ lzK = SmA (lzMl mA lk MAX v .. v., %JOC 
mA ohms ohms (µ.A) 

1N2804 6.8 1850 0.2 70 6600 150 4.5 4.3 .040 

1N2805 7 5 1700 0.3 70 5900 75 5.0 4.7 .045 
1N2808 8.2 1500 0.4 70 5200 50 5.4 5.2 .048 
1N2807 9.1 1370 0.5 70 4800 25 6.1 5.7 .051 --- ·------
1N2808 10 1200 0.6 80 4300 10 6.7 6.3 .055 

1N2809 11 llOO 0.8 80 3900 5 8.4 8.0 .060 

1N2810 12 1000 1.0 80 3600 5 9.1 8.6 .065 

1N2811 13 960 I.I 80 3300 5 9.9 9.4 .065 
1N2812 14 890 1.2 80 3000 5 10.6 10.l .070 

------- I ---
.070 1N2813 15 830 1.4 80 2800 5 11.4 10.8 

1N2814 16 780 1.6 80 2650 5 11.1 11.5 .070 

1N2815 17 740 1.8 80 1500 5 13.0 11.1 .075 

1N2816 18 700 1.0 80 1300 5 13.7 13.0 .075 
1N2817 19 660 1.1 80 2200 5 14.4 13.7 .075 

--- --- ---
1N2818 20 630 1.4 80 1100 5 15.1 14.4 .075 

1N2819 11 570 1.5 80 1900 5 16.7 15.8 .080 
1N282D 14 510 1.6 80 1750 5 18.1 17.3 .080 
1N2821 15 500 1.7 90 1550 5 19.0 18.0 .080 
1N2822 17 460 1.8 90 1500 5 20.6 19.4 .085 

---------- ---
1N2823 30 420 3.0 90 1400 5 22.8 21.6 .085 
1N2824 33 380 3.1 90 1300 5 25.l 23.8 .085 
1N2825 36 350 3.5 90 1150 5 27.4 25.9 .085 
1N2826 39 320 4.0 90 1050 5 29.7 28.l .090 
1N2827 43 290 4.5 90 975 5 32.7 31.0 .090 

------ ----------
1N2828 45 280 4.5 100 930 5 34.2 32.4 .090 
1N2829 47 270 5.0 100 880 5 35.8 33.8 .090 
1N283D 50 250 5.0 100 830 5 38.0 36.0 .090 
1N2831 51 245 5.2 100 810 5 38.8 36.7 .090 

- 52 240 5.5 100 790 5 39.5 37.4 .090 
------- ----------

1N2832 56 220 6 llO 740 5 41.6 40.3 .090 
1N2833 62 100 7 120 660 5 47.l 44.6 .090 
1N2834 68 180 8 140 600 5 517 49.0 .090 
1N2835 75 170 9 150 540 5 56.0 54.0 .090 
1N2836 82 150 ll 160 490 5 62.2 59.0 .090 ------- ----------
1N2837 91 140 15 180 420 5 69.2 65.5 .090 
1N2838 100 120 20 200 400 5 76.0 72.0 .090 
1N2839 105 120 15 210 380 5 79.8 75.6 .095 
1N2840 110 110 30 220 365 5 83.6 79.2 .095 
1N2841 120 100 40 240 335 5 9!2 86.4 .095 

-·----- ----------
1N2842 130 95 50 275 310 5 98.8 93.6 .095 

- 140 90 60 325 190 5 106.4 100.8 .095 
1N2843 150 85 75 400 270 5 114.0 108.0 .095 
1N2844 160 80 80 450 250 5 121.6 115.2 .095 

- 175 70 85 500 230 5 133.0 126.0 .095 
1N2845 180 68 90 525 120 5 136.8 129.6 .095 
1N2846 200 65 100 600 200 5 152.0 144.0 .100 
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-- Motorola Silicon Zener Diodes 

1 N2970 thru 1N3015 10Watt 
6.8-200V 

CASE 56 
(D0-4) 

Diffused-junction zener diodes for both military and 
high-reliability industrial applications. Available with 
anode-to-case and cathode-to-case connections (stand
ard and reverse polarity), i.e., 1N2970 and 1N2970R. 
Supplied with mounting hardware. 

ABSOLUTE MAXIMUM RATINGS 

Junction and Storage Temperature: -65°C to +175°C. 
D-C Power Dissipation: 10 Watts. (Derate 83. 3 mW/°C above 55°C). 

2-15 



-- Motorola Silicon Zener Diodes --

1 N2970 thru 1 N3015 (continued) 

ELECTRICAL CHARACTERISTICS (At 30'C case temperature unless otherwise specifieq) 
VF= 1.5 V max @IF= 2 amp on all types. 

Nominal* Max Zener 'Impedance Max. Reverse Current 
Zener Voltage Test Max DC Zener 

JEDEC V, @ lzr Current Current 
Type No. Volts 1,, Z,,@ I,, ZZK @ '" 

1,. 12,..mA I, Max v., v., 
mA Ohms Ohms mA (µA) 5% 10% 

1N2970 6.8 370 1.2 500 1.0 1,320 150 5.2 4.9 
1N2971 7.5 335 1.3 250 1.0 1,180 75 5.7 5.4 
1N2972 8.2 305 1.5 250 1.0 1,040 50 6.2 5.9 
1N2973 9.1 275 2.0 250 1.0 960 25 6.9 6.6 
1N2974 10 250 3 250 1.0 860 10 7.6 7.2 

--- --- ---· ---- -- ---------
1N2975 11 230 3 250 1.0 780 5 8.4 8.0 
1N2976 12 210 3 250 1.0 720 5 9.1 8.6 
1N2977 13 190 3 250 1.0 660 5 9.9 9.4 
1N2978 14 180 3 250 1.0 600 5 10.6 10.1 

1N2979 15 170 3 250 1.0 560 5 11.4 10.B --- --- --- ---- -- ---------
1N2980 16 155 4 250 1.0 530 5 12.2 11.5 
1N2982 18 140 4 250 1.0 460 5 13.7 13.0 
1N2983 19 130 4 250 I.0 440 5 14.4 13.7 
1N2984 20 125 4 250 1.0 420 5 15.2 14.4 
1N2985 22 115 5 250 1.0 380 5 16.7 15.8 

--- --- --- -- ------
1N2986 24 105 5 250 1.0 350 5 18.2 17.3 
1N2988 27 95 7 250 1.0 300 5 20.6 19.4 
1N2989 30 85 8 300 1.0 280 5 22.8 21.ll 
1N2990 33 75 9 300 1.0 260 5 25.l 23.8 
1N2991 36 70 10 300 1.0 230 5 27.4 25.9 

--- --- --- ---- -- --- --- ---
1N2992 39 65 11 300 1.0 210 5 29.7 28. l 
1N2993 43 60 12 400 1.0 195 5 32.7 31.0 
1N2995 47 55 14 400 1.0 175 5 35.8 33.8 
1N2996 50 50 15 500 1.0 165 5 38.0 36.0 
1N2997 51 50 15 500 1.0 163 5 38.8 36.7 --- --- -------- -- --- -- ---
1N2998 52 50 15 500 1.0 160 5 39.5 37 .4 
1N2999 56 45 16 500 1.0 150 5 42.6 40.3 
1N3000 62 40 17 600 1.0 130 5 47. l 44.6 
1N3001 68 37 18 600 1.0 120 5 51.7 49.0 
1N3002 75 33 22 600 1.0 110 5 56.0 54.0 
--- --- --- -- --- -- ---
1N3003 82 30 25 700 1.0 100 5 62.2 59.0 
1N3004 91 28 35 800 1.0 85 5 69.2 65.5 
1N3005 100 25 40 900 1.0 80 5 76.0 72.0 
1N3006 105 25 45 1,000 1.0 75 5 79.8 75.6 
1N3007 110 23 55 1,100 1.0 72 5 83.6 79.2 
--- --- --- -- ------ ---
1N3008 120 20 75 1,200 1.0 67 5 91.2 86.4 
1N3009 130 19 100 1,300 1.0 62 5 98.8 93.6 
1N3010 140 18 125 1,400 1.0 58 5 106.4 100.8 
IN3011 150 17 175 1,500 1.0 54 5 114.0 108.0 
1N30!2 160 16 200 1,600 1.0 50 5 121.6 115.2 --- --- --- -- ------ ---
1N3014 180 14 260 1,850 1.0 45 5 136.B 129.6 
1N3015 200 12 300 2,000 1.0 40 5 152.0 144.0 
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-- Motorola Silicon Zener Diodes --

1N3016 thru 1N3051 FLANGE LESS CASE 
1 Watt 
6.8 -200V 

1M6.8 Z thru lM 200 Z TOP HAT CASE* 

\ 

CASE 52 \ 
\ 

Choice of two hermetically sealed packages, with 36 
standard voltage ratings and 5%, 10% and 20% standard 
tolerances. Cathode connected to case. 

ABSOLUTE MAXIMUM RATINGS 

Junction and Storage Temperature: -65°C to +175°C. 
D-C Power Dissipation: 1 Watt. (Derate 6. 67 mW/°C above 25°C). 
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-- Motorola Silicon Zener Diodes --

1 N3016 thru 1 N3051 (continued) 

ELECTRICAL CHARACTERISTICS 

(At 25°C case temperature unless otherwise specified) 
Vv:::::: 1.5 Vrnax @ 200 mA on all types 

Max Zenar·lmpadance 

Motorolat 
Nominal• 

JEDEC Motorola Zaner Voltage Test 
Type No. Type No. Type No. v.@1n Current 

(flangeless) (flangeless) (Top Ha~ Volts b Zn@I,. Z..@b "' mA Ohms Ohms mA 

1N3016 3/4M6.8Z 1M6.8Z 6.8 37 3. 5 700 1.0 
1N3017 3/4M7. 5Z 1M7. 5Z 7. 5 34 4.0 700 o. 5 
1N3018 3/4M8.2Z 1M8. 2Z 8. 2 31 4. 5 700 0. 5 
1N3019 3/4M9.1Z 1M9.1Z 9.1 28 5.0 700 o. 5 

1N3020 3/4MlOZ \lMlOZ 10 25 7 700 0. 25 
1N3021 3/4M11Z lMllZ 11 23 8 700 0. 25 
1N3022 3/4Ml2Z 1Ml2Z 12 21 9 700 0. 25 
1N3023 3/4Ml3Z 1Ml3Z 13 19 10 700 o. 25 

1N3024 3/4Ml5Z 1Ml5Z 15 17 14 700 o. 25 
1N3025 3/4Ml6Z 1Ml6Z 16 15. 5 16 700 0. 25 
1N3026 3/4Ml8Z 1Ml8Z 18 14 20 750 o. 25 
1N3027 3/4M20Z 1M20Z 20 12. 5 22 750 o. 25 

1N3028 3/4M22Z 1M22Z 22 11. 5 23 750 0. 25 
1N3029 3/4M24Z 1M24Z 24 10. 5 25 750 0. 25 
1N3030 3/4M27Z 1M27Z 27 9. 5 35 750 0. 25 
1N3031 3/4M30Z 1M30Z 30 8. 5 40 1,000 0. 25 

1N3032 3/4M33Z 1M33Z 33 7.5 45 1,000 0. 25 
1N3033 3/4M36Z 1M36Z 36 7. 0 50 1,000 0. 25 
1N3034 3/4M39Z 1M39Z 39 6. 5 60 1, 000 0. 25 
1N3035 3f4M43Z 1M43Z 43 6.0 70 1, 500 o. 25 

1N3036 3/4M47Z 1M47Z 47 5. 5 80 1, 500 0. 25 
1N3037 3/4M51Z 1M51Z 51 5. 0 95 1, 500 o. 25 
1N3038 3/4M56Z 1M56Z 56 4. 5 110 2,000 0. 25 
1N3039 3/4M62Z 1M62Z 62 4.0 125 2,000 0. 25 

1N3040 3/4M68Z 1M68Z 68 3. 7 150 2,000 o. 25 
1N3041 3/4M75Z 1M75Z 75 3.3 175 2,000 0. 25 
1N3042 3/4M82Z 1M82Z 82 3. 0 200 3, 000 0. 25 
1N3043 3/4M91Z 1M.91Z 91 2. 8 250 3,000 o. 25 

1N3044 3/4MlOOZ lMlOOZ 100 2. 5 350 3,000 o. 25 
1N3045 3/4MllOZ lMUOZ 110 2. 3 450 4,000 0. 25 
1N3046 3/4Ml20Z 1Ml20Z 120 2. 0 550 4, 500 0. 25 
1N3047 3/4Ml30Z 1Ml30Z 130 !. 9 700 5,000 0. 25 

1N3048 3/4Ml50Z 1Ml50Z 150 1. 7 1,000 6,000 0. 25 
1N3049 3/4Ml60Z 1Ml60Z 160 1. 6 1, 100 6, 500 0. 25 
1N3050 3/4Ml80Z 1Ml80Z 180 1. 4 1, 200 7,000 0. 25 
1N3051 3/4M200Z. 1M200Z 200 1. 2 .1. 500 8,000 0. 25 

t 1 Watt Ratings 
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Max. Rmne CulTlnt 

L Mu v .. v .. 
(µA) 5% 10% 

150 5. 2 4.9 
75 5. 7 5.4 
50 6. 2 5.9 
25 6.9 6.6 

10 7.6 7. 2 
5 8.4 8.0 
5 9.1 8.6 
5 9.9 9.4 

5 11. 4 10. 8 
5 12. 2 11. 5 
5 13. 7 13.0 
5 15. 2 14. 4 

5 16. 7 15. 8 
5 18. 2 17. 3 
5 20. 6 19. 4 
5 22. 8 21. 6 

5 25.1 23. 8 
5 27. 4 25. 9 
5 29. 7 28. l 
5 32. 7 31.0 

5 35. 8 33. 8 
5 38. 8 36. 7 
5 42. 6 40. 3 
5 47.1 44.6 

5 51. 7 49. 0 
5 56. 0 54.0 
5 62. 2 59. 0 
5 69. 2 65. 5 

5 76. 0 72. 0 
5 83. 6 79. 2 
5 91. 2 86.4 
5 98. 8 93. 6 

5 114.0· 108.0 
5 121. 6 115. 2 
5 136. 8 129. 6 
5 152. 0 144.0 

TrJllcal 
Max DC Zaner Zener Voltage 

Current Temp. COlll. 
b.mA %/'C 

130 . 040 
120 .045 
105 .048 
95 . 051 

85 . 055 
75 .060 
70 . 065 
65 .065 

56 .070 
53 .070 
46 . 075 
42 . 075 

38 .080 
35 . 080 
30 .085 
28 .085 

26 .085 
24 • 085 
20 .090 
19 . 090 

17 .090 
16 .090 
15 .090 
13 .090 

12 .090 
11 . 090 
10 .090 
9 .090 

8 .090 
7. 2 . 095 
7. 0 . 095 
6. 0 .095 

5. 5 . 095 
5. 2 .095 
4.6 .095 
4.0 .100 



-- Motorola Silicon Zener Diodes 

1 N3305 thru 1 N3350 50 Watt 
6.8-200V 

Available with anode -to-case or cathode -to-case con
nection (standard or reverse polarity). For reverse 
polarity, add Suffix "R" to type number. Same devices 
in T0-3 package available for both military and indus -
trial applications, see 1N2804 - 1N2846 series. 

ABSOLUTE MAXIMUM RATINGS 

Junction and Storage Temperature: -65 to+ 175°C 
D. C. Power Dissipation: 50 Watts (Derate O. 5 W/°C above 75°C-see Figure 3) 

ELECTRICAL CHARACTERISTICS (At 30°C case temperature unless otherwise specified) 
VF= l.5V max@ lOA on all types. 

Max DC Zener 
Typical 

Nominal Mii Zener Impedance MH RHlrH CurrHt Z111r. 
Zener Volt11e Test Current Volt1&1 

EIA Type No. tv1)6i! In Current 75"C Case Temp Temp. Caett. 
50 Watt (Stud) Volts 011) Zn-@ 1 n Zz~ (iil lzM = 5mA Ozwl mA I, MAX v,, v., %/OC 

(Note 11 mA ohms ohms luAI 

1N3305 68 1850 0.1 70 6600 150 4.5 4.3 .040 
1N3306 7.5 1700 0.3 70 5900 75 5.0 4.7 .045 
1N3301 8.1 150Q 0.4 70 5100 50 5.4 5.1 .048 
1N3308 91 1370 0.5 70 4800 15 6.1 5.7 .051 

1N3309 10 1100 0.6 80 4300 10 6.7 6.3 .055 

1N3310 11 1100 0.8 80 3900 5 8.4 8.0 .060 

1N3311 11 1000 1.0 80 3600 5 9.1 8.6 .065 

1N3312 13 960 1.1 80 3300 5 9.9 9.4 .065 

1N3313 14 890 1.1 80 3000 5 10.6 10.1 .070 

1N3314 15 830 1.4 80 1800 5 11.4 10.8 .070 

1N3315 16 760 1.6 80 £6!>0 5 ll.l i i.5 .070 

1N3316 17 740 1.8 80 1500 5 13.0 11.1 .075 
1N3311 18 700 1.0 80 1300 5 13.7 .130 .075 

1N3318 19 660 1.1 80 1100 5 14.4 13.7 .075 

1N3319 20 630 1.4 80 1100 5 15.1 14.4 .075 

1N3320 11 570 1.5 80 1900 5 16.7 15.8 .080 

1N3321 14 510 1.6 80 1750 5 18.1 17.3 .080 

1N3322 15 500 1.7 90 1550 5 19.0 18.0 .080 

1N3323 17 460 1.8 90 1500 5 10.6 19.4 .085 

1N3J24 30 410 3.0 90 1400 5 11.8 11.6 .085 

1N3325 33 380 3.1 90 1300 5 15.1 23.8 .085 

1N3326 36 350 35 90 1150 5 17.4 25.9 .085 
1N3321 39 310 4.0 90 1050 5 19.7 18.1 .090 
1N3328 43 190 4.5 90 975 5 32.7 31.0 .090 

1N3329 45 280 4.5 100 930 5 341 31.4 .090 
1N3330 47 170 5.0 100 880 5 35 8 33.8 .090 
1N3331 50 150 5.0 100 830 5 38.0 36.0 .090 
1N3332 51 145 51 100 810 5 38.8 36.7 .090 
1N3333 51 240 5 5 100 790 5 39.5 37.4 .090 

1N3334 56 220 6 110 740 5 42 6 40.3 090 
1N3335 61 200 7 120 660 5 47 1 44.6 .090 
1N3336 68 180 8 140 600 5 51-7 49.0 .090 
1 N3331 75 170 9 150 540 5 56 0 54.0 .090 
1N3338 82 150 11 160 490 5 62.2 59.0 090 

1N3339 91 140 15 180 420 5 69.2. 65.5 .090 
1N3340 100 120 20 200 400 5 76 0 710 .090 
1N3341 105 120 25 210 380 5 79.8 75.6 .095 
1N3342 110 110 30 220 365 5 83 6 79 2 .095 
1N3343 120 100 40 140 335 5 91 2 86.4 Ms 

1N3344 130 95 50 275 310 5 98 8 93.6 .095 
1N3345 140 90 60 325 290 5 106.4 100.8 095 
1N3346 150 85 75 400 270 5 114.0 1080 .095 
1N3341 160 80 80 450 250 5 121.6 115.2 .095 
1N3348 175 70 85 500 230 5 133 0 126.0 .095 
1N3349 180 68 90 525 220 5 136.8 129.6 .095 
1N3350 100 65 100 600 200 5 152.0 144.0 .100 

2-19 



-- Motorola Silicon Zener Diodes --

1 N3305 thru 1 N3350 (continued) 

1N3675 thru 1N3703 
\ 

3,4 Watt 
6.8- lOOV 

CASE 59 \ 
Oxide passivated silicon zener diodes in void-free sili

cone polymer case. Offer 3/4 Watt performance in a 
package no larger in volume than a conventional 400 mW 
glass package. 

\ 
ABSOLUTE MAXIMUM RATINGS 

Junction and Storage Temperature: -65°C to +175°C. 
D-C Power Dissipation: 750 Milliwatts at 50°C Ambient. 

(Derate 6 mW/°C) 
Lead Temperature, 1/16 ± 1/32 inch from case: +235°C for 12 seconds. 

(Method 2031, MIL-STD-750). 

Tolerance Designation:· Tolerances of ± 10% or ± 5% are indicated by suffix
ing "A" or "B" respectively to the JEDEC or Motorola type number. Plus or 
minus 20% tolerances are indicated by the omission of the suffix letter. Ex
amples: 

1N3680 = 11 Volts ± 20% tolerance 
1N3685A = 18 Volts ± 10% tolerance 
MZ623-18B = 25 Volts ± 5% tolerance 
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--Motorola Silicon Zener Diodes 

1 N3675 thru 1 N3703 (continued) 

ELECTRICAL CHARACTERISTICS 25"C Ambient VF= 1.5 V @ IF= 200 mA for all units) 

Nominal* 
Test Max Zener Impedance 

JED EC Motorola Zener Voltap 
Type No. rype No. Vz@ lzr current 

Volts lzr ZzK@ lzK Zzr@ lzr 
mA Ohms Ohms 

1N3675 6.8 18. 5 4. 5 700 
1N3676 7.5 16. 5 5. 5 700 
1N3677 8.2 15.0 6. 5 700 
1N3678 9.1 14.0 7. 5 700 
1N3679 10 12.5 8. 5 700 

1N3680 MZ623-6 11 11. 5 9. 5 700 
1N3681 MZ623-7 12 10. 5 11. 5 700 
1N3682 MZ623-8 13 9. 5 13. 0 700 

MZ623-9 14 9. 0 14. 5 700 
1N3683 MZ623-10 15 8. 5 1.6. 0 700 

1N3684 MZ623-11 16 7.8 17.0 700 
MZ623-12 17 7.2 19. 0 700 

1N3685 MZ623-13 18 7.0 21. 0 750 
MZ62~-14 19 6.5 23. 0 750 

1N3686 MZ62 -15 20 6.2 25. 0 750 

1N3687 MZ623-16 22 5.6 29. 0 750 
1N3688 MZ623-17 24 5.2 33. 0 750 

MZ623-18 25 5. 0 36. 0 750 
1N3689 MZ623-19 27 4.6 41. 0 750 
1N3690 MZ623-20 30 4.2 49.0 1000 

1N3691 MZ623-21 33 3.8 58. 0 1000 
1N3692 MZ623-21i 36 3.4 70. 0 1000 
1N3693 MZ623-23 39 3.2 80. 0 1000 
1N3694 MZ623-24 43 3. 0 93.0 1500 

MZ623-25 45 2.8 99. 0 1500 

1N3695 MZ623-26 47 2. 7 105. 0 1500 
1N3696 MZ623-27 51 2. 5 125. 0 1500 
1N3697 56 2.2 150.0 2000 
1N3698 62 2. 0 185. 0 2000 
1N3699 68 !. 8 230. 0 2000 

1N3700 75 !. 7 270. 0 2000 
1N3701 82 !. 5 330. 0 3000 
1N3702 91 1.4 400.0 30u0 
1N3703 100 1.3 500.0 3000 

1 N3785 thru 1 N3820 

Max DC Zener 
current 
lzMmA 

100 
90 
80 
70 
65 

55 
53 
50 
45 
42 

40 
38 
35 
33 
32 

29 
26 
24 
23 
21 

20 
18 
15 
14 
13. 5 

13 
12.2 
11 
10 

9 

8. 5 
7. 5 
7 
6 

I•= 5 mA 
Typical 
Zener 

Max@ Voltage 
Reverse !ramp. Coeff. 
Voltage %/"C 

5.2 4. 9 
5. 7 5.4 
6.2 5. 9 
6. 9 6.2 
7.6 7.2 

8.4 8.0 
9.1 8. 6 
9. 9 9. 4 

10. 6 10.1 
11. 4 10. 8 

12.2 11. 5 
13. 0 12. 2 
13. 7 13. 0 
14.4 13. 7 
15.2 14. 4 

16. 7 15. 8 
18.2 17. 3 
19. 0 18. 0 
20. 6 19. 4 
22. 8 21. 6 

25.1 23. 8 
27.4 25. 9 
29. 7 28.1 
32. 7 31. 0 
34.2 32. 4 

35. 8 33.8 
38. 8 36. 7 
42. 6 40. 3 
47.1 44. 6 
51. 7 49. 0 

56. 0 54. 0 
62.2 59. 0 
69.2 65. 5 
76. fr 72. 0 

1.5 Watt 
6.8-200V 

CASE 55 

Low silhouette single-ended package for printed circuit 
or socket mounting. Cathode connected to case, but 
reverse polarity available on special order. 

ABSOLUTE MAXIMUM RATINGS 

Junction and Storage Temperature: -65°C to +175°C. 
D-C Power Dissipation: 1. 5 Watts. (Derate 10 mW/°C) 
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-- Motorola Silicon Zener Diodes 

1 N3785 thru 1 N3820 (continued) 

ELECTRICAL CHARACTERISTICS @2••c Ambient vr= 1.•vo1umax@ lOOmA 

1N3785 
1N3786 
1N3787 
1N3788 
1N3789 

1N3790 
1N3791 
1N3792 
1N3793 
1N3794 

1N3795 
1N3796 
1N3797 
1N3798 
1N3799 

1N3800 
1N3901 
1N3802 
1N3903 
1N3904 

1N3805 
1N3806 
1N3807 
1N3808 
1N3909 

1N3810 
1N3811 
1N3812 
1N3813 
1N3814 

1N3815 
1N3816 
1N3817 
1N3818 
1N3819 
1N3820 

6. 8 
7. 5 
8. 2 
9.1 

_10 __ 

11 
12 
13 
15 
16 

18 
20 
22 
24 
27 

30 
33 
36 
39 
43 

47 
51 
56 
62 
68 

75 
82 
91 

100 

~ 
120 
130 
150 
160 
180 
200 

55 2. 7 
50 3.0 
46 3. 5 
41 4.0 

__E_ __ 5_ 

34 
31 
29 
25 
23 

6 
7 
8 
10 
11 

21 13 
19 15 
17 16 
16 17 
14 20 -----
12 25 
11 30 
10 35 
10 40 
9.0 45 

8. 0 55 
7. 4 65 
6. 7 75 
8.0 85 
5. 5 95 ---
5. 0 110 
4. 5 130 
4.1 150 
3. 7 200 

-1:.!._ ~ 
3.1 
2.9 
2. 5 
2. 3 
2.1 
1.9 

350 
400 
700 
750 
800 

1,000 

700 
700 
700 
700 
700 

700 
700 
700 
700 
700 

750 
750 
750 
750 
750 

1,000 
1,000 
1,000 
1,000 
1,500 

1,500 
2,000 
2,000 
2,000 
2,000 

2,000 
3,000 
3,000 
3,000 
4,000 

4,500 
5,000 
6,000 
6,500 
7,000 
8,000 

111 
mA 

1.0 
0. 5 
o. 5 
0.5 

o. 25 

0. 25 
0. 25 
0. 25 
0. 25 
0. 25 

li':25 
0.25 
0. 25 
0. 25 
0.25 

o. 25 
0. 25 
0. 25 
o. 25 
0. 25 

0. 25 
o. 25 
o. 25 
0. 25 
o. 25 

o. 25 
0. 25 
0. 25 
0. 25 
o. 25 

0. 25 
0. 25 
o. 25 
o. 25 
o. 25 
0. 25 
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MuDCZlner 
Clmlll 
o,.lmA 

195 
175 
155 
140 
125 

115 
105 
98 
85 
80 

70 
62 
56 
51 
46 

41 
38 
35 
31 
28 

26 
24 
22 
20 
18 

16 
14 
13 

12.0 
11.0 

10. 5 
9.0 
8.0 
8.0 
7.0 
6.0 

150 
75 
50 
25 
10 

Mu Rmne Currell 

5% 10% 
V11 Ya 

5.2 
5. 7 
6. 2 
6.9 
7.6 

4.9 
5.4 
5.9 
6.6 
7.2 

8.4 8.0 
9.1 8. 6 
9.9 9.4 
11. 4 10. 8 
12. 2 11. 5 

13. 7 
15. 2 
16. 7 
18. 2 
20. 6 

22.8 
25.1 
27.4 
29. 7 
32. 7 

13.0 
14.4 
15.8 
17. 3 
19.4 

21. 6 
23. 8 
25.9 
28.1 
31.0 ----

35.8 33.8 
38. 8 36. 6 
42. 6 40. 3 
47.1 44.6 
51. 7 49.0 

56.0 54.0 
62.0 59.0 
69. 2 65. 5 
76.0 72.0 
83.6 79.2 

91. 2 
98. 8 
114.0 
121. 8 
137.0 
152.0 

86.4 
93. 6 
108.0 
115.0 
130. 0 
144.0 

11::' 
Yoltap 

T1111p. Coeff 
%/°C 

.040 

.045 

.048 

.051 

.055 

. 060 

. 065 

. 065 

.070 

.070 

. 075 

.075 

.080 

.080 

. 085 

.085 

.085 

. 085 

.090 

.090 

.090 

.090 

.090 

.090 

.090 

.090 

.090 

.090 

.090 

~ 
.095 
.095 
.095 
.095 
. 095 
.100 



Motorola Silicon Zener Diodes 

1 N3785 thru 1 N3820 (continued) 

ELECTRICAL CHARACTERISTICS (25"CAmb;ont V•=UV@lv=200mAf0<allunH>) 

Nomln1I Max Zener Impedance 
Zener Voltage Test MH DC Zener I._::: 10,uA Mar ~ol~~~~:~~:~:~eff. JEDEC @ fzT Current Current @ 

TYPE NO. (V,) Volts I,, Zu@ lu ZzK @ lzK = l.OmA lzMmA Reverse Voltage %/OC 
mA ohms ohms v._ 5% or V,, 10% 

1N3821 3. 3 76 10 400 276 1 -. 075 
1N3821A 3. 3 76 10 400 276 1 -. 075 
1N3822 3. 6 69 10 400 252 1 -. 085 
1N3822A 3.6 .. 10 400 252 1 -. 085 

1N3B23 3.9 64 9 400 238 1 -.055 
1N3823A 3.9 64 9 400 238 1 -. 055 
1N3824 4. 3 " 9 400 213 1 -.040 
1N3824A 4. 3 58 9 400 213 1 -.040 

1N3825 4.l 53 ' 500 194 1 -. 020 
1N3825A 4. 7 53 ' 500 194 1 -.020 
1N3826 5.1 49 7 550 178 1 +.005 
1N3826A 5.1 49 7 550 178 1 .;..005 

1N3827 5. 6 45 5 600 162 2 +. 020 
1N3827A 5. 6 45 5 600 162 2 +. 020 
1N3828 6. 2 41 2 700 146 3 +.035 
1N3828~ 6.2 41 2 700 146 3 +.035 

1N3829 6.6 37 I. 5 500 133 3 +.040 
1N3829A 6. 8 37 I. 5 500 133 3 +.040 
1N3830 7. 5 34 I. 5 250 121 3 •. 045 
1N3830A 7. 5 34 I. 5 250 121 3 +.045 

1 N3821 thru 1 N3830 1 Watt 
3.3-7.SV 

\ 

CASE 52 ~ 
\ 

Low-voltage, alloy-junctionzener diodes in hermeti
cally sealed package with cathode connected-to-case. 
Available as standard industrial types as well as for 
military and high-reliability applications. 

Junction and Storage Temperature: -65°C to +175°C. 
D-C Power Dissipation: 1 Watt.{Derate 6. 67 mW/°C above 25°C) 

2-23 



-- Motorola Silicon Zener Diodes 

1 N3993 thru 1 N4000 10 Watt 
3.9-7.5V 

CASE 56 
(D0-4) 

Low-voltage, alloy-junctionzener diodes in hermeti
cally sealed package with cathode connected to case. 
Supplied with mounting hardware. 

ABSOLUTE MAXIMUM RATINGS 

Junction and Storage Temperature: -65°C to +175°C. 
D-C Power Dissipation: 10 Watts.(Derate 83.3 mW/°C above 55°C). 

ELECTRICA'.L CHARACTERISTICS (Te= 30'C ± 3, VF= 1.5 max@ IF= 2 amp for all units) 

Nominal Max Zener Impedance 
Zener Voltage Test Max DC Zener @ JEDEC Vz@I,, Current Current 

Type No. Volts '" L;@I,, Zz.@lz. = 1.0mA l,.mA L v. 
mA Ohms Ohms µA Max Volts 

1N3993 3.9 640 2 400 2380 100 0.5 
1N3994 4.3 580 i.5 400 2130 100 0.5 
1N3995 4.7 530 1.2 500 1940 50 1 
1N3996 5.1 490 1.1 550 1780 10 1 

1N3997 5.6 445 1.0 600 1620 10 1 
1N3998 6.2 405 1.1 750 1460 10 2 
1N3999 6.8 370 1.2 500 1330 10 2 
1N4000 7.5 335 1.3 250 1210 10 3 
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-- Motorola Silicon Zener Diodes --

1 N4099 thru 1 N4135 v..w 
6.8- lOOV 

CASE 51 
(00-7) 

Oxide passivated devices with extremely low, speci
fied noise level. Designed for low-level operation over 
expanded temperature range from -75°C to +200°C. 

ABSOLUTE MAXIMUM RATINGS 

Characteristic Rating Unit 

DC Power Dissipation, 25°C Ambient 250 mW 

Derating Factor 1. 43 mW/°C 

Junction and Storage Temperature -65 to +200 oc 

TOLERANCE AND VOLTAGE DESIGNATION 

The JEDEC type numbers shown have a standard tolerance of ±5% on the 
nominal zener voltage. 

MATCHED SETS FOR CLOSER TOLERANCE OR HIGHER VOLTAGES 

Series matched sets make zener voltages in excess of 100 volts or tolerances 
of less than 5% possible as well as providing lower temperature coefficients, 
lower dynamic impedance and greater power handling ability. 

For Clippers, Parallel Matched Sets or other special circuit requirements, 
contact your Motorola District Sales Manager. 

ZENER NOISE DENSITY 

A zener diode generates noise when it is biased in the zener direction. A 
small part of this noise is due to the internal resistance associated with the 
device. A larger part of zener noise is a result of the zener breakdown pheno
menon and is called microplasma noise. This microplasma noise is generally 
considered "white" noise with equal amplitude for all frequencies from about 
zero cycles to approximately 200, 000 cycles. To eliminate the higher frequency 
components of noise a small shunting capacitor can be used. The lower fre
quency noise generally must be tolerated since a capacitor required to eliminate 
the lower frequencies would degrade the regulation properties of the zener in 
many applications. 
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I 
-- Motorola Silicon Zener Diodes --

1 N4099 thru 1 N4135 (continued) 

Motorola is rating this series with a maximum noise density at 250 micro
volts. The rating of microvolts RMS per square root cycle enables calcula
tion of the maximum RMS noise for any bandwidth. 

Noise density decreases as zener current increases. This can be see!l by 
the graph in Figure 2 where a typical noise density is plotted as a function of 
zener current. 

The junction temperature will also change the zener noise levels. As tempera
ture is increased, the noise levels decrease. The change is approximately 
20% from 25° C to 100°C. Thus the noise rating must indicate bandwidth, current 
level and temperature. 

The block diagram given in Figure 1 shows the method used to measure noise 
density. The input voltage and load resistance is high so that the zener is 
driven from a constant current source. The amplifier must be low noise so 
that the amplifier noise is negligible compared to the test zener. The filter 
bandpass is known so that the noise density in volts RMS per square root cycle 
can be calculated. 

D.C. POWER 
SUPPLY 

FIGURE 1 - NOISE DENSITY MEASUREMENT METHOD 

TEST ZENER v, 

g 
b 

AMPLIFIER.-----. 

FILTER 
f0 = 2KC 
f, = lKC 
f, = 3KC 

BW = 2KC 

~ 30t--f'"""""'d---t--+---1t---+-+--+--+---i 

~ ~N 5: 

~ ~115 
FIGURE 2 - NOISE DENSITY versus ZENER CURRENT i 20 1---+t'-....---+t-..._--+---1---1--""~-+-)'..--+----1-... 

~ 1.....,N N 
i!: "--;;; I ~N4124 
~ 10t--+-+--t-+----1f-=-..i::~-+--+-+---I 

~ t--- -;-
z 
~ 

o ......... _ _.___._ ....... __,..__.___....._......, _ _.___. 
0 75 100 125 150 175 200 225 250 275 300 

lz .ZENER CURRENT (µA) 

v . 
NOISE DENSITY (VOLTS PER SQUARE ROOT CYCLE)= '"' y'8W 

OVERALL GAIN BW 

WHERE: BW =FILTER BANDWIDTH (CYCLES) 

V,"' = OUTPUT NOISE (VOLTS RMS) 
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--Motorola Silicon Zener Diodes --

1 N4099 thru 1 N4135 (continued) 

ELECTRICAL CHARACTERISTICS<At25"CAmbient temperature unless otherwise specified.) 
VF = 1.0 max @ IF = 200 mA on all types 

@lzr == 2501<Amps Max.NoiseDttlsity 
Nominal Max.Zener Max. at lzr ~ 2501<A 

JEDEC Type Zenei Vol!Jge Min. Max. Impedance Rmrse Test N, Max.ZentJCll!Teftt 
Number v, Zener Voltage Zener Voltage Zzr Current @ Voltage (Fig 1) I,. 
(Note 1) (Note 1) v, v, (Note 2) I, (Note4) v, (micro-volts per (Note3) 

lvoltsl (volts) (volts) iohmsl (µA) (volts) square root cycle) lmAl 

IN4099 6.8 6.460 7.140 200 10 5.17 40 35.0 
1N4100 7.5 7.125 7.875 200 10 5.70 40 31.8 
1N4!01 8.2 7.790 8.610 200 1.0 6.24 40 29.0 
IN4102 8.7 8.265 9.135 200 1.0 6.61 40 27.4 
IN4103 9.1 8.645 9.555 200 1.0 6.92 40 26.2 

IN4104 10 9.500 10.50 200 1.0 7.60 40 24.8 
1N4105 11 10.45 11.55 200 .05 8.44 40 21.6 
IN4106 12 11.40 12.60 200 .05 9.12 40 20.4 
IN4107 13 12.35 13.65 200 .05 9.87 40 19.0 
IN4108 14 13.30 14. 70 200 .05 10.65 40 17.5 

IN4109 15 14.25 15. 75 100 .05 11.40 40 16.3 
IN4110 16 15.20 16.80 100 .05 12.15 40 15.4 
1N4lll 17 16.15 17.85 JOO .05 12.92 40 14.5 
lN4ll2 18 17.10 18.90 100 .05 13.67 40 13.2 
lN41l3 19 18.05 19.95 150 .05 14.44 40 12.5 

IN4114 20 19.00 21.00 150 .Ol 15.20 40 11.9 
IN4115 22 20.90 23.10 150 .01 16. 72 40 10.8 
1N4ll6 24 22.80 25.20 150 .Ol 18.25 40 9.9 
1N4!l 7 25 23.75 26.25 150 .Ol 19.00 40 9.5 
1N41l8 27 25.65 28.35 150 .Ol 20.46 40 8.8 

1N41l9 28 26.60 29.40 zoo .01 21.28 40 8.5 
IN4l20 30 28.50 31.50 200 .Ol 22.80 40 7.9 
IN41Zl 33 31.35 34.65 200 .Ul 25.08 40 7.2 
IN4122 36 34.20 37.80 200 .Ol 27.38 40 6.6 
lN4l23 39 37.05 40.95 200 .Ol 29.65 40 6.l 

IN4124 43 40.85 45.15 250 .Ol 32.65 40 5.5 
lN4l25 47 44.65 49.35 250 .01 35.75 40 5.1 
lN4126 51 48.45 53.55 300 .01 38.76 40 4.6 
lN4l27 56 53.ZO 58.80 300 .Ol 42.60 40 4.2 
1N4128 60 57.00 63.00 400 .Ol ~5.60 40 4.0 

1N4129 62 58.90 65.10 500 .01 47.10 40 3.8 
1N4130 68 64.60 71.40 700 .01 51.68 40 3.5 
1N413l 75 71.25 78."15 700 .01 57.00 40 3.1 
1N4132 82 77.90 86.10 800 .01 62.32 40 2.9 
1N4133 87 82.65 91.35 1000 .01 66.12 40 2.7 

1N4134 91 86.45 95.55 1200 .Ol 69.16 40 2.6 
1N4135 100 95.00 105.00 1500 .01 76.00 40 2.3 

1 N4370 thru 1 N4372 

For Specifications, see 1N746 thru 1N759 data sheet. 
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I 
--Motorola Silicon Zener Diodes--

1N4728thru1N4764 lWatt 
3.3-lOOV 

\ 

CASE 59 \ 
("Surmetic" Package)'\ 

\ 

Watt SURMETIC* silicon zener diodes designed for 
constant voltage reference from 3. 3 thru 100 volts, 
with 10% and 5% tolerances. These diodes are pack
aged in a void-free silicone polymer case which is no 
larger than the conventional 400 mW glass package. 

MAXIMUM RATINGS 

Characteristic 

DC Power Dissipation 

Derating Factor 

Junction and storage Temperature 

1.2 

1.0 

s 0.8 
~ 
z: 
0 

~ 0.6 v; 
"' 25 
ffi 
;!:: 

0.4 0 
0.. 

Q 
0.. 

0.2 

25 50 75 JOO 125 150 
TA, AMBIENT TEMPERATURE (°C) 

MECHANICAL CHARACTERISTICS 

Rating Unit 

1 Watt 

6.67 mW/°C 

-65 to +200 oc 

175 200 

POWER RATING versus 

AMBIENT TEMPERATURE 

CASE: Void free, transfer molded, thermosetting silicone polymer. 

FINISH: All external surfaces are corrosion resistant. Leads are readily 
solderable. 

POLARITY: Cathode, indicated by color band. When operated in zenermode 
cathode will be positive with respect to anode. 

MOUNTING POSITION: Any 

WEIGHT: O. 42 gram (approximately) 
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--Motorola Silicon Zener Diodes-.---

1 N4728 thru 1N4764 (continued) 

ELECTRICAL CHARACTERJSTJCS 1 (At25'Cambienttemperatureunlessotherwisespecilied) V1 = l.SVmaK@ lOOmAonall types 

"'""'" 
M11 Zeur l111ptd11c1 S11111 M'uDCZ... 

Z111rY0111t1 T11t 1Note3l CUITlll Cumll Typle1f 
JIDEC Yz@lzT Cumlt @TA=ZS•t ~ Zen1rYollll;t 

Type No. Motaroll Ytl1s '" Zn@lzT Zz1<@lzK "" ,J~a@ .:I\. 1, T1111p.Colft. 
INDt11) Type Ne. Utot12) mA !Hims O~ms "" -5) Ulott4) %/"C 

1N472B 1M3.3ZS10 3.3 " 10 400 1.0 10 l 1380 "' -.07!5 
1N4729 1M3.6ZS10 3.6 .. 10 400 1.0 10 l 1260 252 -.065 
1N4730 1M3.9ZS10 3.9 64 9 400 'n 10 l l190 234 -.055 
1N4731 1M4.3ZS10 4.3 " 9 400 1.0 10 1 1070 217 -.040 
1N4732 1M4.'1ZS10 4.7 53 8 500 l.O 10 l 970 193 -.020 

1N4733 1M5.1ZS10 5.1 .. 7 050 1.0 10 l 890 178 .005 
1N4734 1M5.6ZS10 5.6 45 5 600 l.O 10 2 610 162 .020 
1N4735 1M6.2ZS10 8.2 41 2 700 1.0 10 3 730 146 .03,. 
1N4736 1M6.8ZS10 6.8 37 3.5 700 1.0 10 4 660 133 .040 
1N4737 1M7.5ZS10 7.5 34 4.0 700 0.5 10 5 605 m .045 

1N4738 1M8.2ZSIO 8.2 31 4.5 700 0.5 10 6 550 llO ,048 
1N4739 1M9.1ZS10 9.1 28 5.0 700 0.5 10 7 500 100 .051 
1N4740 lMlOZSlO 10 " 7 700 0.25 10 7.8 454 91 .055 
lN4741 lMllZSto ll 23 8 700 0.25 5 6.4 414 63 .060 
1N4742 1Ml2ZS10 12 21 9 700 0.25 5 9.1 360 76 .065 

1N4743 1Ml3ZS10 13 19 10 700 0.25 5 9.9 344 .. .065 
1N4744 1Ml5ZS10 15 17 14 700 0.25 5 11.4 304 81 .070 
1N4745 1Ml6ZS10 16 15.5 16 700 0.25 5 12.2 285 57 .070 
1N4748 1Ml8ZS10 18 14 20 750 0.25 5 13,7 250 50 .075 
1N4747 1M20ZS10 20 12.5 22 750 0.25 5 15.2 225 45 .075 

1N4748 1M22ZS10 22 11.5 23 750 0.25 5 16.7 205 41 .060 
1N4749 1M24ZS10 24 10.5 25 750 0.25 5 18.2 190 38 ,080 
l'N4750 1M27ZS10 27 9.5 35 750 0.25 5 20.6 170 34 ,085 
1N4751 1M30ZS10 30 8.5 40 1,000 0.25 5 22.8 150 30 .085 
1N4752 1M33ZS10 33 7.5 45 1,000 0.25 5 25.1 135 27 .085 

1N4753 1M36ZS10 36 7.0 50 1,000 0.25 5 27.4 125 25 .085 
1N4754 1M39ZS10 39 6.5 60 1,000 0.25 5 29,7 115 23 .090 
1N4755 1M43ZS10 43 6.0 70 1,500 0.25 5 32.7 uo 22 .090 
1N4756 1M47ZS10 47 5.5 80 1,500 0.25 5 35.8 " 19 .090 
1N4757 1M51ZS10 51 5.0 95 1,500 0.25 5 38.8 90 18 ,090 

1N4758 1M56ZS10 56 4.5 uo 2,000 0.25 5 42.6 60 16 .090 
1N4759 1M62ZS10 62 4.0 125 2,000 0.25 5 47.l '" " ,090 
1N4760 1M68ZS10 68 3.7 150 2,000 0.25 5 51.7 65 13 .090 
1N4761 1M75ZS10 75 3.3 175 2,000 0.25 5 56.0 60 12 .090 
1N4762 1M82ZS10 82 3.0 200 3,000 0.25 5 62.2 55 ll .090 

1N4763 1M91ZS10 91 2.8 250 3,000 0.25 5 69.2 50 10 .090 
1N4764 lMlOOZSlO 100 '·' 350 3,000 0.25 5 76.0 45 9 .090 
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-- Motorola Temperature Compensated Zener Reference Diodes --

MOTOROLA TEMPERATURE COMPENSATED REFERENCE DIODES 

Temperature compensated reference diodes are made possible by taking ad
vantage of the differing thermal characteristics of forward and reverse biased 
silicon PN junctions. A forward biased junction has a negative temperature 
coefficient of approximately 2.0 millivolts/° C. Reverse biased junctions above 
5 volts have a positive temperature coefficient and therefore it is possible by 
judicious selection of combinations of forward and reverse biased junctions to 
obtain a device which shows a very low temperature coefficient due to cancella
tion. Because of the differing impedance versus temperature characteristics 
of the junctions involved, optimum temperature stability is obtained by operat
ing in the zener current range at which the temperature coefficient is a minimum. 

VOLTAGE-CURRENT CHARACTERISTICS 

All Motorola reference diodes are characterized by the "box" method which 
specifiesaguaranteedmaximum voltage variation (.1Vz) over an indicated tem
perature range. This method permits the designer to select the required ref
erence diode directly on the basis of temperature range and voltage variation. 

Because of device impedance, the reference voltage will vary with changes 
in zener current. These variations can be minimized by driving the device 
from a constant current source. 

VOLTAGE VARIATION (t:,. Vz) AND TEMPERATURE COEFFICIENT 

All Motorola reference diodes are characterized by the ''box" method. This 
method provides for a guaranteed maximum voltage variation (t:N z in m V) over 
a specified temperature range, verified by tests at several points within the 
range. (Maximum voltage variations over the specified temperature ranges 
are given in Tables associated with each device type. ) The design engineer 
now has a number (without any calculations) telling him the stability of the 
voltage over the temperature range of interest thus giving him the maximum 
flexibility as well as economy in selecting the temperature stability required. 
Military specifications now being issued use this approach to characterize these 
devices. 

Since reference diodes have a non-linear voltage-temperature relationship 
the temperature coefficients in the tables are tabulated primarily for reference 
purposes and guaranteed only at the end points of the temperature range. 

ZENER IMPEDANCE DERIVATION 

The dynamic zener impedance, ZzT, is derived from the 60 cycle ac voltage 
which results when an ac current having an rms value equal to 10% of the de 
zener current, IzT• is superimposed on IzT· Curves showing the variation 
of zener impedance with zener current for each series are given in figures 7 
thru 12. A 100% cathode-ray tube curve trace test is used to ensure that each 
zener characteristic has a sharp and stable knee region. 
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-- Motorola Temperature Compensated Zener Reference Diodes -

IN429 6.2V 

IN821 SERIES __ ____________ 6.2 V -400 mW 

IN935 SERIES ____ ---- __ ---- 9.0V-500mW 

IN941 SERIES ______________ ll.7V-500mW 

IN 1530 SERIES _ _ _ _ _ _ _ _ _ _ _ _ _ 8.4 V 

IN1735 SERIES _____________ 6.2Vthru49.6V 

IN2620 SERIES _____________ 9.3 V - 750 mW 

IN2765 SERIES _____________ 6.8Vthru40.8V 

IN3154 SERIES _____________ 8.4V -400mW 

IN3580 SERIES _____________ 11.7 V- 750 mW 

CASE 51 

1N2620 lNS2l 
1N3580 l~~~I 

1N3154 

CASE 57 
1Nl530 

\ 
CASE 53 

1N429 

Temperature compensated zener 
reference diodes for circuits requir
ing extreme stability, high uniformity 
and reliable operation. 

ABSOLUTE MAXIMUM RATINGS (at 25°C ambient temperature unless otherwise noted). 

Characteristic Symbol Rating Unit 

Maximum Zener Current 1zM mA 
1N821 Series (6. 2V), 1N3580 (11. 7V) 60 
1N935 Series (9. OV) 50 
1N941 Series (11. 7V) 40 
1N2620 Series (9. 3V) 75 
1N3154 Series (8. 4V) 45 
1N429, 1Nl530, lNl 735 & 1N2765 Series (6. 2-49. 62V) see Table 2 

Power Dissipation (see Figure 13) PD mW 
1N821 Series (6. 2 V), 1N3154 Series (8. 4 V) 400 
1N935 Series (9. 0 V), 1N941 Series (11. 7 V) 500 
1N2620 Series (9. 3 V), 1N3580 Series (11. 7 V) 750 
1N429, 1Nl530, lNl 735, 1N2765 Series see Table 2 

Operating Temperature TJ ·c 
Glass & Metal Package -55 to +175 
Molded Package -55 to +150 

Storage Temperature Tstg ·c 
All Types -65 to +175 
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I 
-- Motorola Temperature Compensated Zener Reference Diodes-·-

1N429 (continued) 

TABLE 1- ELECTRICAL CHARACTERISTICS (at lzT & TA= 25'C unless otherwise specified) 

Max 
Dy-

Tern- namic Tern-
Max pera- Im-

JED EC jvoltage Test tu re ped-
Type Change @ Tempera- Coef- ance 

Max pera-
JED EC jvoltage Test tu re 

Type Change @ Tempera- Coef-
Num- «!Vz ture ficient ZzT 
ber (Volts) (oC) (%/ C) Ohms 

Num- «!Vz ture ficient 
ber (Volts) ("C) (%/ C) 

400 MILLIWATTS 

v 2 = 6.2 Volts± 5%(IzT= 7.5 mA) V z = 8. 4 Volts ± 5% (IZT - 10 mA) 

1N821 * .096 . 01 1N3154 .130 .01 
1N823 * .048 -55, +25, +100 

.005 15 
1N825 * .019 .002 

1N3155 .065 -55, +25, +100 
.005 

1N3156 .026 .002 
1N827 * . 009 . 001 1N3157 .013 .001 
1N829 .004 .0005 

1N821A .096 .01 1N3154A .172 .01 
1N823A .048 

-55, +25, +100 
. 005 

10 
1N825A . 019 . 002 

1N3155A . 086 -55, +25, +100, .005 
1N3156A .034 +150 .002 

1N827A .009 . 001 1N3157A .017 . 001 
1N829A . 004 • 0005 

500 MILLIWATTS 

Max 
Dy-

tna!lliC 
Im-
ped-
ance 
ZzT 

johms 

15 

15 

V z - 9.0 Volts± 5% (IZT = 7. 5 mA) Vz = 11.7 Volts± 5% (IZT - 7.5 mA) 

1N935 .067 .01 1N941 .088 .01 
1N936 .033 .005 1N942 .044 .005 
1N937 . 013 o, +25, +75 .002 20 lN943 .018 o, +25, +75 .002 30 
1N938 . 006 .001 1N944 .009 .001 
1N939 .003 . 0005 1N945 .004 .0005 

1N935A .139 .01 1N941A .181 .01 
1N936A .069 -55, o, +25, +75, 

. 005 
1N937A . 027 .002 20 
1N938A .013 +100 . 001 

1N942A .090 -55, o, +25, +75, 
.005 

1N943A .036 .002 30 
1N944A .018 +100 .001 

1N939A .007 . 0005 lN945A .009 .0005 

1N935B* .184 .01 1N94lB* . 239 .01 
1N936B .092 -55, o, +25, +75, ,005 
1N937B* . 037 . 002 20 
1N938B* .018 +100, +150 .001 

lN942B .120 -55, o, +25, +75, .005 
lN943B* .047 .002 30 
lN944B* .024 +100, +150 .001 

1N939B .009 .0005 1N945B .012 .0005 

750 MILLIWATTS 

V z = 9. 3 Volts ± 5% (IZT • 10 mA) V z = 11. 7 Volts± 5% (IZT = 7. 5 mA) 

1N2620 .070 .01 lN3580 .088 .01 
1N2621 · . 035 .005 1N3581 .044 o, 25, +75 .005 25 
1N2622 . 014 o, +25, +75 . 002 15 1N3582 .018 .002 
1N2623 .007 . 001 
1N2624 .003 . 0005 

1N2620A .144 .01 
1N2621A .072 

-55, 0, +25, +75, 
.005 

1N2622A .029 . 002 15 
lN2623A .014 +100 . 001 

1N3580A . 181 -55, o, +25, +75 
.01 

1N3581A . 090 . 005. 25 
1N3582A .036 +100 .002 

lN2624A .007 .0005 

1N2620B .191 .01 
lN2621B .095 -SJ>, o, +25, +75, .005 
1N2622B . 038 .002 15 
lN2623B . 019 +100, +150 .001 

1N3580B . 239 -55, o, +25, + 75, 
.01 

1N358lB .120 .005 25 
1N3582B .048 +100, +150 .002 

1N2624B .010 .0005 

•Military type• available. 
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-- Motorola Temperature Compensated Zener Reference Diodes --

1N42 9 (continued) 
TABLE 2 - ELECTRICAL CHARACTERISTICS (at IZT = 7. 5 mA & TA = 25° C unless otherwise specified) 

Max Voll- Max 
Zener age C~ange Dynamic Power 

JED EC 
Voltage @ -55, Impedance Temperature Dissipation v, ±5% +25. +100 c 2 ZT Type 

!N z (Volts) 
Coefficient Pd Package 

Number (Volts) (Ohms) (%' C) (mW)•• Configuration 

1N429• 6. 2 . 050 20 . 01 200 case 53 

IN!735 6. 2 . 050 20 . 01 200 Fig. 4-6 

IN2765 
6. 8 

. 052 
20 . 005 400 4-2 1N2765A . 026 . 0025 

Fig. 

IN1530t 
8. 4 

. 014 
15 . 002 250 case 57 IN1530At . 007 . 001 

IN1736 
12. 4 

. 100 
40 

. 01 
400 4-3 IN1736A . 050 . 005 Fig. 

IN2766 
13. 6 

. 105 
40 . 005 600 Fig. 4-2 IN2766A . 052 . 0025 

IN1737 
18. 6 . 150 60 . 01 600 IN1737A . 075 . 005 Fig. 4-5 

IN2767 20. 4 . 158 60 . 005 600 4-7 IN2767A . 079 . 0025 Fig. 

!Nl738 
24. 8 

. 200 
80 . 01 800 IN1738A . 100 . 005 Fig. 4-5 

IN2768 27. 2 . 210 
80 . 005 800 4-7 IN2768A . 105 . 0025 Fig. 

INl739 
31. 0 

. 250 
100 . 01 1000 IN1739A . 125 . 005 Fig. 4-4 

IN2769 
34. 0 . 265 

100 . 005 1000 1N2769A . 132 . 0025 Fig. 4-1 

1N1740 
37. 2 

. 300 
120 . 01 1200 IN1740A . 150 . 005 Fig. 4-4 

1N2770 
40. 8 . 316 120 . 005 1200 IN2770A . 158 . 0025 Fig. 4-1 

!NI 741 
43. 4 

.350 
140 . 01 1400 IN1741A . 175 . 005 Fig. 4-4 

!NI 742 
49. 6 . 400 180 . 01 1600 1N1742A . 200 . 005 Fig. 4-4 

t IZT = 10 mA • Military type available ** Derate linearly from 25"C to 150JC 

MECHANICAL CHARACTERISTICS 
Glass Metal Molded 

Case: All glass, Welded, hermetically Void free, thermo-
hermetically sealed sealed, metal & glass setting polymer 

Polarity: Cathode indicated by Indicated by diode Indicated by diode symbol 
polarity band symbol except 1N429, 1Nl530, 

1Nl530A where cathode 
indicated by polarity dot 
of contrasting color 

Weight: 0. 2 grams (approx. ) !. 5 grams (approx. ) Varies according to 
device 
min 0. 5 grams 
max 12 grams 

Finish: All external surfaces corrosion resistant and leads readily solderable. 
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-- Motorola Temperature Compensated Zener Reference Diodes 

1N429 (continued) 
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-- Motorola Temperature Compensated Zener Reference Diodes--

1N4565 thru 1N4574 _ 6.4V ± 5% -----------
1N4775 thru 1N4784 8.5V ± 5% ------------
1N4765 thru 1N4774 ------------ 9.lV ± 5% 

CASE 51 

MAXIMUM RATINGS 

Low level, temperature compensated Zener refer
ence diodes designed for long-term voltage stability in 
applications requiring stable, reliable operation at low 
current levels. 

Junction and Storage Temperature: -65°C to +175°C 

D-C Power Dissipation: 250 Mill watts at 50°C Ambient 
(Derate 2 mW /°C Above 50°C) 

ELECTRICAL CHARACTERISTICS (at IzT & TA 0 25"C unless otherwise specified) 

1N4565 Series 6. 4 Volts ±5% 1N4755 Series 8. 5 Volts ±5% 1N4765 Series 9, 1 Volts ±5% 

Test Test Test 
Current Current Current 

1zT 1zT 1ZT 
o. 5 I. 0 (mA) 0. 5 1. 0 (mA) o. 5 1. 0 (mA) 

Max Max Ma. 
Dynamic 
Imped-

Dynamic 
Imped-

~ynamic 
Imped-

ance a nee a nee 

ZZT ZZT ZZT 
200 !00 (Ohms) 200 100 (Ohms) 350 200 (Ohms) 

Max Tern- Max Tem- Max Tern-
Voltage p~rature 
Change Coeffi-

Voltage JP,:rature 
Change Coeffi-

Voltage perature 
Change Coeffi-

(Note 2) dent for (Note 2) cient for (Note 2) cient for 
,wz Refer- dVz Refer- dVz Refer-

JED EC JED EC (Volts) ence JED EC JEDEC (Volts) ence JEDEC JEDEC (Volts) ence 
Number Number %/°C Number Number %/"C Number Number %1"C 

TEST TEMPERATURES TEST TEMPERATURES TEST TEMPERATURES 
0°C, 25°C, 75"'C 0°C, 25"C, 75°C 0°C, 25"C, 75°C 

1N4565 1N4570 o. 048 • OI 1N4775 1N4780 . 064 . 01 1N4765 1N4770 o. 068 . 01 
1N4566 1N4571 o. 024 . 005 1N4776 1N4781 . 032 . 005 1N4766 1N4771 0. 034 . 005 
1N4567 1N4572 0. 010 • 002 1N4777 1N4782 • 013 . 002 1N4767 IN4772 0. 014 • 002 
1N4568 1N4573 o. 005 . 001 1N4778 1N4783 . 006 . 001 1N4768 IN4773 o. 007 • 001 
1N4569 1N4574 o. 002 . 0005 1N4779 1N4784 . 003 . 0005 1N4769 1N4774 o. 003 . 0005 

TEST TEMPERATURES TEST TEMPERATURES TEST TEMP ERA TURES 
-55uc, 0°C, 25°C, 75°C, 100°C -55°C, O"C, 25°C, 75°C, l00°C -55°C, O"C, 25°C, 75"C, 100°C 

1N4565A 1N4570A 0. 099 . 01 1N4775A 1N4780A . 132 . 01 1N4765A 1N4770A o. 141 • 01 
1N4566A 1N4571A o. 050 . 005 1N4776A 1N4781A . 066 . 005 1N4766A 1N4771A o. 070 . 005 
1N4567A 1N4572A o. 020 . 002 1N4777A 1N4782A . 026 . 002 1N4767A 1N4772A o. 028 . 002 
1N4568A 1N4573A o. 010 • 001 1N4778A 1N4783A . 013 . 001 1N4768A 1N4773A o. 014 . 001 
1N4569A 1N4574A 0. 005 • 0005 1N4779A 1N4784A . 007 . 0005 1N4769A 1N4774A 0. 007 . 0005 
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-. - Motorola Reference Amplifiers --

REFERENCE AMPLIFIERS 

MCA 1911 SERIES 6.8 V 

MCA2011 SERIES 8.0 V 

MCA2111 SERIES 9.5 V 

MCA2211 SERIES 11.0 V 

Reference amplifiers for use .in regulated power 
supplies as a combination reference element and 
error voltage amplifier. Available with either PNP · 
or NPN transistors. 

*MCA1911 Series has zener diode only 

i--D 90'.----jp A~0.020MIN 
0.650 1.5 450 ·~ E (NOTE 2) 

_L__ _[MIN ::<:::3° - B __ 

6.6~~0!0.002 DfA ooL . 0031 z~ 
(NOTE l)0.001 l!- 0 385 ::'::0.003 -+j ~0.200 ::':::0.010 

0.360 

NOTES: 
1. The specified lead diameter applies in the zone be

tween 0.050 and 0.250 from the base seat. Between 
0. 250 and 0, 5 maximum of 0.021 diameter is held. 
Outside of these zones the lead diameter is not con
trolled. 

2. Measured from max diameter of the actual device. 

ABSOLUTE MAXIMUM RATINGS (at 25°C ambient temperature unless otherwise noted} 

Cllaracteristic Symbol Rating Unit 

Zener Current Iz 20 mA 

Collector Current IC 20 mA 

Collector-Emitter Voltage VCEO 30 v 

Junction and Storage TJ 
-65to+l75 c 

Temperature Range Tstg 

ELECTRICAL CHARACTERISTICS (at 25°C ambient temperature unless otherwise noted} 

Characteristic Symbol Rating Unit 

Nominal Reference Voltage VREF 6. 8-11. 0 nom Volts 
(Iz = 5 mA, v CE = 3 v, le = 250 µ.A) (See Table 1) 

Maximum Reference Voltage Change 
with Temperature '1VREF (See Table 1) Volts 
(Iz = 5 mA, v CE = 3 v, le = 250 µA) 

Min Max 

Zener Impedance ZZT Ohms 
(IzT = 5 mA, lac = 10% I'!) - 40 

Collector-Emitter Breakdown Voltage BVCEO Volts 
(IC= 250 µA) 30 -

Collector Cutoff Current 1cBO µA 
(V CB= 45 V) - 50 

(VCB = 45 V, TA= 150°C) - 10 

DC Current Gain hFE -
(IC = 250 µA, V CE} 50 100 

Small-Signal Transconductance gfe µmhos 
(V CE = 3 v, le - 250 µ.A, f = 1 kc) 6500 -
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--Motorola Reference Amplifiers -. --

TABLE l ELECTRICAL CHARACTERISTICS 

(at IZT = 7. 5 mA & TA = 25°C unless otherwise specified) 

Max 
Voltage 

Type Change Reference 
Num- (Note 2) Test Voltage 
her '1VREF @ Temperature VREF 

(Note 1) (Volts) ('C) (Volts) 

6. 8 Volt Series (IZT = 5 mA) 

MCA1911N . 051 
MCA1912N .025 o, +25, +75 6. 8 ± 10% MCA1913N . 010 
MCA1914N . 005 

MCA1921N . 105 
MCA1922N . 052 -55, o, +25, +75, 6. 8 ± 5% MCA1923N . 020 +100 
MCA1924N . 010 

MCAI931N . 139 
MCA1932N . 069 -55, o, +25, + 75, 6. 8 ± 5% MCA1933N . 026 +100, +150 
MCAI934N . 013 

9. 5 Volt Series (IZT = 5 mA) 

MCA2111N . 071 
MC:A21i2N .035 o, +25, +75 9. 5 ± 10% MCA2113N .014 
MCA2114N . 007 

MCA2121N .147 
MCA2122N .073 -55, o, +25, +75, 

9. 5 ± 5% MCA2123N . 028 +100 
MCA2124N . 014 

MCA2131N .194 
MCA2132N .097 -55, o, +25, +75, 9. 5 ± 5% MCA2133N . 038 +100, +150 
MCA2134N . 019 

NOTES: 

1. Type numbers shown are for devices containing NPN transis
tors; for devices with PNP tranpistors Substitute a "P" suffix 
for tile "N" suffix in the type number. 

NOMENCLATURE 
MCA I 911 N 

Motorn~t//7 ~Polanty N-NPN P-PNP 
Cmmt Assembly \ 

Reference Temperature 6VREF as Specified on 

Voltage Range Table 1 (i.e. , for 6.8 
19 - 6.8 V 1. 0 to 75~C Volt Series, 1 desig-

20 - 8.0 V 2. -55 to +lOO'C nates l!..VREF of .051 V) 

21 - 9.5 v 
22-11.0V 

3. -55 to +150'C 

Max 
Voltage 

Type Change Reference 
Num- (Note 2) Test Voltage 
ber '1VRr:F @ Temperature VREF 

(Note 1) (Volts) ( C) (Volts) 

8. 6 Volt Series (~T = 5 mA) 

MCA2011N . 060 
MCA2012N . 030 o. +25. +75 8. 0 ± 10% MCA2013N .012 
MCA2014N . 006 

MCA2021N . 124 
MCA2022N . 062 -55. o. +25 . +75 . 

8. 0 ± 5% MCA2023N . 024 +100 
MCA2024N . 012 

MCA2031N . 164 
MCA2032N . 082 -55. o. +25. +75. 8. 0 ± 5% MCA2033N .032 +100. +150 
MCA2034N . 016 

11. O Volt Series (IZT = 5 mA) 

MCA2211N .082 
MCA2212N . 041 0. +25. +75 11.0 ± 10'··0 MCA2213N .016 
MCA2214N .008 

MCA2221N . 170 
MCA2222N .085 -55. o. +25. +75. 11.0 ± 5% MCA2223N . 034 +100 
MCA2224N .017 

MCA223!N .225 
MCA2232N . 112 -55. o. +25. +75. 

11.0 ± 5% MCA2233N . 044 +100. +150 
MCA2334N .022 

2. l!..V REF is the maximum voltage variation over the specified 

temperature range, verified by tests at specified points within 
the range. 

TYPICAL APPLICATION IN REGULATED POWER SUPPLIES 

r r- R, R, 

r I 
I DC INPUT I REGULATED 

j 
REF.AMP-: I OUTPUT 

I R, 

j I 
I REFERENCE 
I VOLT AG£ 

i 
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YOUR 
TECHNICAL 
LIBRARY 
ISN'T COMPLETE 

Without Motorola's Authoritative Handbooks! 

Switching Transistor Handbook - $2.50 
The only reference devoted to the de

sign of high-frequency switching circuits, 
this valuable handbook not only provides 
detailed design procedures for saturated 
and current-mode switching circuits, but 
relates much needed device characteriza
tion and reliability data to practical worst
case design. 

Circuits Manual - $2.00 
Perhaps you'll never need to count the 

number of peas in a can or even feel the 
urge to add a solid-state ignition system 
to the family car. If you work with semi-

conductors, however, you will find, in 
:tddition to such circuits, a wealth of tech
nical design information and some very 
useful circuit ideas in the Motorola Semi
conductor Circuits Manual. 

Zener Diode and Rectifier Handbook 
-$2.00 

Anyone who designs regulating and 
power control circuitry needs the Motorola 
Zener Diode and Rectifier Handbook. 
This valuable guide provides design anal
ysis and useful circuits for a variety of 
zener applications ranging from regulated 
power supplies to surge protection to using 
the zener diode as a coupling device. 
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MOTOROLA SILICON RECTIFIERS 
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• For devices meeting military specifications, see page 1-18. 

• For case outline dimensions, see page 1-26. 
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SILICON RECTIFIERS 

The trend in rectifiers, today, is toward silicon. Technically, there are 
many reasons why this is so. In comparison with thermionic tubes, silicon 
rectifiers offer a new era of reliability and performance, and no other solid
state rectifier has the inherant advantages of silicon. Silicon shrugs at 
operating temperatures that would quickly wilt other solid-state devices. The 
high forward conductance and low-reverse-leakage current of silicon out
classes selenium, and no other type of rectifier packs as much current
carrying capacity into as small a package. Moreover, these advantages of 
silicon rectifiers are now available at costs that are more than competitive 
with other types. 

Motorola manufactures a complete line of silicon rectifiers for current 
requirements ranging from milliamperes to kiloamperes. These are housed 
in a variety of package types, making them suitable for every electrical and 
electronic application. 

In addition, rectifier assemblies for higher voltage .and current devices and 
for applications such as bridges and other circuit configurations are available 
as standard devices and can easily be made to order for custom applications, 
(see page 4-3). 

MULTI-CELL RECTIFIERS 
For high-current rectifiers, Motorola employs the multi-cell concept. This 

approach not only permils the fabrication of higher-current rectifiers, but 
also eliminates many of the problems associated with large single- junction 
devices. · The construction of a typical multi-cell rectifier is shown below. 

Void-free, molded 
external case affords 
excellent mechanical 
strength, electrical 
isolation, and corrosion 
resistance. Color cod-
ing of the external case 
provides easy polarity 
identification: ----

RED-Cathode to Case 
BLACK-Anode to Case 

Plated copper base is integrally 
connected to the inner case for 
optimum heat transfer and cur
rent balance between cells by di· 
rect thermal coupling. -------' 

3-3 

Complete seal strength is afforded by the outer 
case, thus preventing any excessive stress on 
the glass-to-metal hermetic inner seal of indi
vidual rectifier cells. 

Internal, hermetically sealed, 
welded metal case rectifier 
cells. All individual cells are 
specially processed, tested 
and matched for similarity of 
forward voltage characteris
tics to assure balanced cur
rent sharing and reliable 
parallel operation. Each cell is 
rated to operate at only 75 per 
cent of maximum current 
capability, providing a built-in 
safety margin. 

Resistance to thermal fatigue 
of each cell is assured 
through the use of double 
back-up discs and high tem
perature solder construction 
to protect the silicon die 
against stresses. In addition, 
the small junction areas of 
the individual paralleled cells 
result in a total rectifier which 
can better resist thermal 
fatigue because of the smaller 
excursion of dissimilar 
bonded materials (as opposed 
to a large single-junction 
rectifier). 
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-- Motorola Silicon Rectifiers --

QUICK SELECTION CHART 

MOTOROLA PREFERRED SILICON RECTIFIERS 

VRM(rep) 

Max. Peak 

Repetitive 

Reverse Voltage 

50V 

r"'1 

~ 
E-< 

lOOV 
....i 
0 
> 150V 
r"'1 
00 
p:: 
r"'1 200V > 
r"'1 
p:: 

r"'1 250V 
i:: 
t: 
E-< 300V <'1 
Cl. 
<'1 
p:: 350V 
~ 
< 
r"'1 400V 
Cl. 

~ "5oov 
='! 
' Q; 

600V "' "" :;;; 
p:: 

> 800V 

lOOOV 

THIS SELECTION CHART IS FOR QUICK REFERENCE 
ONLY AND THE DETAILED DATA SHEET SHOULD 
BE CONSULTED FOR COMPLETE INFORMATION 

I0 --MAX HALF WAVE, SINGLE PHASE RECTIFIED FORWARD CURRENT 

(At 25°C Ambient Temp for Axial Lead; 100 to 150°C Case Temp for Stud 

lA 

1N4001 
MR1337-1 

1N4002 
MR1337-2 

1N4003 
MR1337-3 

MR1337-4 

1N4004 
MR1337-5 

MR1337-6 

1N4005 
MR1337-7 

1N4006 

1N4007 

1. 5 A 

1N1563 

1N1564 

1N1565 

1N1566 

1N1567 

1N1568 

LEAD 

MOUNTED 

Mount, Flange Mount or Press Fit) 

3A 6A 

MR1030 
1N3879 1N4719 

MR1031 1N3880 1N4720 

MR1032 1N3881 1N4721 

MR1033 1N3882 

MR1034 1N3883 1N4722 

MR1035 

MR1036 
1N4723 

MR1038 
1N4724 

MR1040 
1N4725 

3.4 

12 A 15 A 

1N3889 1N3208 

1N3890 1N3209 

1N3891 1N3210 

1N3892 1N3211 

1N3893 1N3212 

1N3213 

1N3214 

STUD MOUNTED, 

FLANGE MOUNTED, 

PRESS FIT 

20 A 

1N248B 

1N249B 

1N1193 

r= 
1Nll95 

1N1196 

1Nl197 

1N1198 

l 



25A 30A 

1N3491 1N3659 

1N3492 1N3660 

1N3493 1N3661 

f-oo c 

1N3494 1N3662 

1N3495 1N3663 

PRESS FIT 

-- Motorola Silicon Rectifiers --

THIS SELECTION CHART IS FOR QUICK REFERENCE 
ONLY AND THE DETAILED DATA SHEET SHOULD 
BE CONSULTED FOR COMPLETE INFORMATION 

35 A 50 A 80 A 

1N1183 MR1200 MR1210 

1N1184 MR1201 MR1211 

1N1185 MR1202 MR1212 

1Nl186 MR1203 MR1213 

MR1204 MR1214 

1N1187 MR1205 MR1215 

MR1206 MR1216 

1Nll88 MR1207 MR1217 

1Nl189 

1Nl190 

160 A 240 A 400 A 

MR1220 MR1230 MR1240 

MR1221 MR1231 MR1241 

MR1222 MR1232 MR1242 

MR1223 MR1233 MR1243 

MR1224 MR1234 MR1244 

MR1225 MR1235 MR1245 

MR1226 MR1236 MR1246 

MR1227 MR1237 MR1247 

STUD MOUNTED, 

FLANGE MOUNTED, 
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650 A 1000 A 

MR1260 MR1290 

MR1261 MR1291 

MR1262 MR1292 

MR1263 MR1293 

MR1264 MR1294 

MR1265 MR1295 

MR1266 MR1296 

MR1267 MR1297 



SILICON RECTIFIER SPECIFICATIONS 

LOW CURRENT RECTIFIERS- 0.1 'fo 12.0 Amperes 

I VRMl'<P) J Forward Current I IRIAVI 1 VRMlcop) l Forward Current J 
fRIAVI Type volts lo lFMt•u,9•) mA "'' volts lo IFMJM9•) l mA 

amps amps amps amps 

Case 51 125'Cl (25°Ci (lOO'C) Case 55 (SS°C) (150°C) (25°C) (25°C) IN3282 1000 0.1 2.5 0.01 1N1567 500 1.5 0.3 70 .005 1N3283 1500 0.1 2.5 0.01 1N1567A 500 1.5 0,3 70 .003 1N3284 2000 0.1 2.5 0.01 1N1568 600 1.5 0.3 70 .005 1N3285 2500 0.1 2.5 0.01 IM1568A 600 1.5 0,3 70 .003 IN3286 3000 0.1 2.5 0.01 

Case41 CD Case 59- SURMETIC* 175'CI !75°C! 
1N1730 1000 0.2 2.5 - 1N4001 50 1.0 30 .03 
1N1731 1500 0.2 2.5 - 1N4002 100 1.0 30 .03 
1N1732 2000 0.2 2.5 - IN4003 200 1.0 30 .03 
1N1733 3000 0.15 2.5 - 1N4004 400 1.0 30 .03 
IN1734 5000 0.10 2.5 - 1N4005 600 1.0 30 .03 
1N2382 4000 0.15 2.5 - 1N4006 800 1.0 30 ,03 
IN2383 6000 0.10 2.5 - 1N4007 1000 1.0 30 .03 
1N2384 8000 0.07 2.5 -
1N2385 10000 0.07 2.5 - Case60/Case60, 70(<) !75'CI !75'C! 
Case 55 (55'C) (150°C) !25'Cl 1N4719/MR1030 50 3.0 300 1.5 
IN1563 100 1.5 0.3 70 ,005 IN4720/MR1031 100 3,0 300 1.5 
IN1563A 100 1.5 0.3 70 .003 1N4721/MR1D32 200 3.0 300 1.5 
1Nl564 200 1.5 0.3 70 .005 - /MR1033 300 3,0 300 1.5 
1N1564A 200 1.5 0.3 70 ,003 1N4722/MR1034 400 3.0 300 1.5 
1N15&5 300 1.5 0.3 70 .005 - /MR1035 500 3,0 300 1.5 
1N1565A 300 1.5 0.3 70 .003 1N4723/MR103& 600 3.0 300 1.5 
1N156& 400 1.5 0,3 70 .005 1N4724/MR1038 800 3,0 300 1.5 
1N15&6A 400 1.5 0.3 70 .003 IN4725/MR1040 1000 3.0 300 1.5 

FAST SWITCHING POWER RECTIFIERS - t .. = 0.2 µ.sec maximum 

l VRMlcop) L Forward Current { IRIAVI l VRM(,•P) l Forward Current J IRIAV) 
Type volts l lo IFM('"'9•I mA Type volts lo IFM(ou•gel 1 mA 

amps amps amps amps 

Case52 (75°Cl (75°C( 175'Cl Case 50 (100°C) (100°CJ (lOO'CI 
MR1337-1 50 0.75 30 o. 75 1N3881 200 6.0 75 3.0 
MRT337·2 100 o. 75 30 0.75 1N3882 300 6.0 75 3.0 
MR1337-3 200 0. 75 30 0.75 1N3883 400 6.0 75 3.0 
MRl337-4 300 o. 75 30 0.75 1M3889 50 12 150 5.0 
MRl337-5 400 0.75 30 o. 75 IN3890 100 12 150 5,0 
Case50 llOO'Cl llOO'Cl (100°C) 1N3891 200 12 150 5.0 
IN3879 50 6,0 75 3.0 1N3892 300 12 150 5.0 
1N3880 100 6.0 75 3.0 1N3893 400 12 150 5.0 

MEDIUM CURRENT RECTIFIERS - 15 'fo 35 Amperes 

l L Forward Current J IRIAVI l VRM(•opl L Forward Current J VRMl .. PI IRIAV) Type volts l lo IFMIM9•) l mA Type volts 1 lo IFM1'"'9•I l mA 
amps amps amps amps 

Case42 U50°CJ (25°CJ (150°C) Case42 ll50'Ci (l50'Cl U50°C) 
IN3208 50 15 250 10 IN1195 300 20 350 5,0 
IN3209 100 15 250 10 1N1195A 300 20 350 3.2 
1N3210 200 15 250 10 IN119& 300 20 350 5.0 
1N3211 300 15 250 10 TN119&A 300 20 350 2.5 
IN3212 400 15 250 10 IN1197 500 20 350 5,0 

1N1197A 500 20 350 2.2 
Case43 1N1198 600 20 350 5,0 

1N3491-MR322 50 16 300 10 1Nl198A 600 20 350 1.5 
1N3492-MR323 100 18 300 10 1N3213 500 20 350 10.0 
1N3493-MR324 200 16 300 8 1N3214 600 20 350 10.0 
IN3494-MR325 300 16 300 6 

Case43 1N3495-MR32& 400 18 300 4 
IN3&59 50 25 400 5.0 

Case42 (l50°C( 1N36&0 100 25 400 4.5 
1N248B 50 20 350 5.0 1N3&61 200 25 400 4.0 
1N248C 55 20 350 3.8 1N3662 300 25 400 3.5 
1N249B 100 20 350 5.0 1N3663 400 25 400 3.0 
1N249C 110 20 350 3.6 Case42 (140'C) {140°Cl 040°CJ 
1N250B 200 20 350 5.0 1N1183 50 35 400 10 
1N250C 220 20 350 3.4 1N1184 100 35 400 10 

1Nl185 150 35 400 10 
Case 42 1N118& 200 35 400 10 

1N1191 50 20 350 5.0 1N1187 300 35 400 10 
1N1192 100 20 350 5.0 IN1188 400 35 400 10 
1N1193 150 20 350 5.0 1N1189 500 35 400 10 
1N1194 200 20 350 5.0 1N1190 600 35 400 10 

*Trademark of Motorola Inc. CD See data sheet for device dimensions ®Suffix A for case 60; Suffix B for case 70; i.e. MR1030A 
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SILICON RECTIFIER SPECIFICATIONS 

HIGH CURRENT RECTIFIERS - 50 to 1000 Amperes 

J T Forward Current J 1 v'"'"' 1 Forward Current 1 VRMl'•PI IR(AVI IRIAV) r,,. volts l lo IFMltY•9•) ] mA Type volts lo [™1•••9•) l mA 
amps amps amps amps 

Flat·mount with solid lug terminal (Fl) CD f 1~1~:~~~1:r:~h ,i~~~~~e b~~~~~~dl~~~d(~i~) o~r s~~!~dj~~gt~~~~~~~ 1(m) (!) (150oC) (150°Cl 11so0 c1 
MR1230 50 240 5000 35 

MR1200 50 50 800 10 MR1231 100 240 5000 35 
MR1201 100 50 800 10 MR1232 150 240 5000 35 
MR1202 150 50 800 10 MR1233 200 240 5000 35 
MR\203 200 50 800 10 MR1234 250 240 5000 35 
MR1204 250 50 800 10 MR1235 300 240 5000 35 
MR1205 300 50 800 10 MR1236 350 240 5000 35 
MR1206 350 50 800 10 MR1237 400 240 5000 35 
MR12117 400 50 800 10 

~~~~:~~~~~ :\~~ ~~l~~b11:gb[;;~~~~le&~SB} G) ~~~:.~o~~~t~l~\~~exi:i~e ::a3i~deedd t~aadd (~S:i) o~r s~~idd1~~gt~~~~~~lJ~) CD 

MR1210 50 80 2000 15 
MR1240 50 400 8000 50 
MR1241 100 400 6000 50 MR1211 100 80 2000 15 MR1242 150 400 8000 50 MR1212 150 80 2000 15 MR1243 200 400 8000 50 MR1213 200 80 2000 15 MR1244 250 400 8000 50 MR1214 250 80 2000 15 MR1245 300 400 8000 50 MR1215 300 80 2000 15 MR1246 350 400 8000 50 MR121& 350 80 zuuo 1' MR1247 400 400 8000 50 MR1217 400 80 2000 15 

~~~t~;:~~~\!il~h fj~~~~e bb:a~~~edd1~8a~d (~~l o~r s~~/~d1~~g1~~~~~~ 1(ml CD Flat-mount with solid lug terminal (Fl}G) 

MR1220 50 160 3600 20 MR1260 50 650 12000 100 
MR1221 100 160 3600 20 MR1261 100 650 12000 100 
MR1222 150 160 3600 20 MR1262 150 650 12000 100 
MR1223 200 160 3600 20 MR1263 200 650 12000 100 
MR1224 250 160 3600 20 MR1264 250 650 12000 100 
MR1225 300 160 3600 20 MR1265 300 650 12000 100 
MR1226 350 160 3600 20 MR1266 350 650 12000 100 
MR1227 400 160 3600 20 MR1267 400 650 12000 JOO 

Bus-bar mount. water cooled 
Q) For desired package configuration (SB, SL, FB, FL) as well as MR1290 50 1000 18000 200 

reverse polarity (R), add the proper suffix to the part number, MR1291 100 1000 18000 200 
i. e, MR1237SBR. For complete outline dimensions and speci- MR1292 150 1000 18000 200 
fications see data sheets. MR1293 200 1000 18000 200 

MR1294 250 1000 18000 200 
MR1295 300 1000 18000 200 
MR1296 350 1000 18000 200 
MR129l 400 1000 18000 200 
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--- Motorola Silicon Rectifiers 

1N248B,C thru 1N250B,C 

1N1191 thru 1N1198 
1N1195A thru 1N1198A 
1N3213 thru 1N3214 

lo= 20 .AMPS 
VRM[rep) - to 600 V 

CASE 42 
(D0-5) 

Medium current silicon rectifiers. Unique double
case construction consists of hermetically sealed inner 
metallic case surrounded by molded external case ; 
provides highest degree of ruggedness and reliability. 
Type numbers shown have cathode connected to case , 
but reverse-polarity units can be obtained by adding 
suffix "R" to standard type number, e, g. 1N248BR. 

ABSOLUTE MAXIMUM RATINGS 

Cbara.cteristics Symbol Rating Unit 

Peak Repetitive Reverse Voltage 
and 

VRM (rep) Volts 

DC Blocking Voltage VR 
1N248B, 1Nll91 50 
1N248C 55 
1N249B, 1Nl192 100 
1N249C 110 
1Nll93 150 
1N250B, 1Nl194 200 
1N250C 220 
1N1195, 1N1195A 300 
1N1196, 1N1196A 400 
1N1197, 1N1197A, 1N3213 500 
1Nl198, 1Nl198A, 1N3214 600 

RMS Reverse Voltage Yr Volts 
1N248B, 1Nl191 35 
1N248C 38.5 
1N249B, 1Nl192 70 
1N249C 77 
1Nll93 105 
1N250B, 1Nl194 140 
1N250C 154 
1N1195, 1Nl195A 210 
1Nl196, 1Nl 196A 280 
1Nl197, 1Nl197A, 1N3213 350 
1Nl198, 1Nl198A, 1N3214 420 

Average 1/2-Wave Rectified Forward Current lo Amps 
(Resistive Load, 60 cps, Tc= 150°C) 20 

Peak Repetitive Forward Current 1FM (rep) Amps 
(Tc = 15o0 c) 90 

Peak Surge Current 1FM (surge) Amps 
(Tc = 150°c, superimposed on Rated 350 
Current at Rated Voltage, 1/2-Cycle, 
1/120 sec) 



--- Motorola Silicon Rectifiers 

1 N248B,C thru 1 N250B,C (continued) 

THERMAL CHARACTERISTICS 

Maximum Operating and Storage Temperature: -65 to+ 190°C 
Maximum Thermal Impedance, Junction to Case: OJc = l.50°C/W DC 

ELECTRICAL CHARACTERISTICS 

<;) 
"-
::!; 
5. 
>-z ..... 
"' "' :::> 
(,) 

Characteristics 

Full Cycle Average Forward Voltage Drop 
(Io (max)' rated Yr, 60 cps, Tc = tso0 c) 

Instantaneous Forward Voltage Drop 
(iF = 100 Amps, T J = 25oC) 

Full Cycle Average Reverse Current 
(Io (max)' rated Yr, 60 cps, Tc = 150°C) 

1N248B thru 1N250B, 1N1191 thru 1N1198 
1N248C 
1N249C 
1N250C 
1N1195A 
1N1196A 
1N1197A 
1N1198A 
1N3213 and 1N3214 

DC Reverse .Current 
(Rated YR, Tc = 25°c) 

MAXIMUM AVERAGE FORWARD CURRENT RATING 
versus MAXIMUM CASE TEMPERATURE 

35 

30 

25 

Cl 20 
"' ~ 
~ 
~ 15 
<ii ..... 
> 
~ 

~ 10 

120 140 160 180 

Tc, MAXIMUM CASE TEMPERATURE (°C) 
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;n 
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1000 
800 
600 

400 

~ 200 
>z 
~ 100 
~ 80 
(,) 

60 

40 

20 

10 
8 
6 

4 

2 

Symbol Max Unit 

VF(AV) Volts 
0.6 

VF Volts 
1.5 

1R(AV) mA 

5.0 
3.8 
3.6 
3.4 
3.2 
2.5 
2.2 
1.5 

10.0 

IR mA 
1.0 

TYPICAL FORWARD CHARACTERISTICS 

~ v 

12 
lZ 

~ 
711 

IT fl 

T, = 150°C J j T, = 25°C 

1 
1 

0 0.4 0.8 1.2 1.6 2.0 

V,, INSTANTANEOUS FORWARD VOLTAGE (VOL TS) 



-- Motorola Silicon Rectifiers 

1Nl 124, A thru lNl 128, A 
Obsolete, discontinued types, replace with devices from the MR1030 series. 

1Nl 183thru lNl 190 lo= 35 AMPS 
VR - to600V 

CASE 42 
(00-5) 

Medium current silicon rectifiers. Unique double
case construction consists of hermetically sealed inner 
metallic case surrounded by molded external case; 
provides highest degree of ruggedness and reliability . 
Type numbers shown have cathode connected to case , 
but reverse-polarity units can be obtained by adding 
suffix "R ." to standard type number, e, g. 1Nll83R. 

ABSOLUTE MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Peak Repetitive Reverse Voltage VRM (rep) Volts 
and 

DC Blocking Voltage VR 
1Nl183 50 
1N1184 100 
1Nl185 150 
1Nl186 200 
1Nl187 300 
1Nl188 400 
1Nl189 500 
1Nl190 600 

RMS Reverse Voltage v Volts 
1Nl183 r 35 
1N1184 70 
1Nl185 105 
1Nl186 140 
1N1187 210 
1Nl188 280 
1Nl189 350 
1Nl190 420 

Average 1/2-Wave Rectified Forward IO Amperes 
Current 

(Resistive Load, 60 cps, TC= 140'C) 35 

Peak Repetitive Forward Current 1FM (rep) Amperes 
('l'C = 140'C) 150 

Peak Surge Current 1FM (surge) Amperes 
(TC = 140°C, superimposed on Rated 400 

Current at Rated Voltage) 

Operating and Storage Temperature TJ' Tstg -65 to +190 'C 

Thermal Impedance OJC 1. 0 'C/W, 
DC steady state 
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-- Motorola Silicon Rectifiers 

1N1183 thru 1N1190 (continued) 

ELECTRICAL CHARACTERISTICS 

Characteristics 

Max. Full Cycle Average Forward Voltage Drop 
(10 (max)' rated vr, 60 cps, Tc= 140°C) 

Max Instantaneous Forward Voltage Drop 
(iF = 100 Amps, T J = 25°C) 

Max Full Cycle Average Reverse Current 
(10 (max)' rated V r' 60 cps, Tc = 140°C) 

Max DC Reverse Current 
(Rated VR, Tc= 25°) 

MAXIMUM AVERAGE FORWARD CURRENT RATING 
versus MAXIMUM CASE TEMPERATURE 
(60 CPS, RESISTIVE OR INDUCTIVE LOAD) 

0 120 140 160 180 

T0 , MAXIMUM CASE TEMPERATURE (°C) 

1Nl 191thru lNl 198 

1000 
800 
600 

400 
Ci) 

"" ~ 200 .... 
z 
~ 100 
"" 80 ::::> 
'-' 
c 60 
"" .. 40 ~ 

"" 0 .... 
"' 20 ::::> 
0 ... z 
~ 10 z 

8 .. .... 
"' 6 
~ 

4 -

1 
0 

Symbol Rating Unit 

VF(AV) 0.6 Volts 

VF 1. 3 Volts 

~(AV) 10. 0 mA 

~ 1. 0 mA 

TYPICAL FORWARD CHARACTERISTICS 

"""'-

·~ 
tz _L 

L I. 
.L LL 
T 

_1 

r, = 150°?__ Ir,= 2s0 c 

] 

1 j 

02 OA O• O• l~ 12 lA l• l• 2~ 
V,, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 

For Specifications, See IN248B Data Sheet 
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-- Motoroli! Silicon Rectifiers 

1Nl563,A ~ru1Nl568,A lo= 1.5 AMPS 
VR-to600V 

CASE55' 
Low-current silicon rectifiers in hermetically sealed, 

low-silhouette single-ended package designed to operate 
under military environmental conditions. Cathode 
connected to case, but reverse polarity devices are 
available on special order. 

ABSOLUTE MAXIMUM RATINGS (At 60 cps Sinusoidal Input, Resistive or Inductive Load) 

IN1563A 
Rating Symbol 1N1563 

Peak Repetitive Reverse Voltage VRM(rep} 
DC Blocking Voltage YR 100 

RMS Reverse Voltage vr 70 

Average Hall-Wave Rectified 
Forward Current (55°C Ambient) IO 1500 

(150°c Ambient) 300 

Peak Surge Current 1FM(surge} 
70 

(1/2 Cycle Surge, 60 cps) 
Peak Repetitive Forward Current IFM(rep) 10 

Operating and Storage Temperature 
TJ+Tstg Range 

ELECTRICAL CHARACTERISTICS 

Characteristic 

Maximum Forward Voltage Drop@ 500 mA, (25°C) 
Continuous DC (15o0c) 

Maximum Reverse Current@ Rated DC Voltage (25°CJ 

Maximum Full-Cycle Average Reverse Current (25°C) 
@ Max Rated PIV and Current (as Hall-Wave (150°C) 
Rectifier, Resistive Load 

2.0 ..---...-.1--.!.r--...---,-.....,...-y-,rr--.----, 
TYPICAL FORWARD 

t-cHARACTERISTICS -+_-5-0•-c +-li--+ ..... -l+--+--~ 
1.6 t- (FOR ALL TYPES) -t---1-+--+'-ll----+---1 

~ 
~ 
~ 1.2 

i 
B l00°C--j 
~ o.a 1---+---+---1--+-+--1+---+----i 

I 
0.4 ~---!---+---J++--,11-+---+-----1 

o....__.__..__L__...~~~__..___.____. 
0.2 0.4 0.6 0.8 1.0 1.2 1.4 

V,, FORWARO VOLTAGE OROP (DC VOLTS) 
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1.8 

1.5 

0.3 

0 
0 

1N1564A 
1N1564 

200 

140 

1500 
300 

70 

10 

Symbol 

VF 

IR 

1R(AV) 

25 

1N1565A 1N1566A 1N1567A 1N1568A 
1N1565 1N1566 1N1567 IN1568 Unit 

300 400 500 600 Volts 

210 280 350 420 Volts 

1500 1500 1500 1500 mA 
300 300 300 300 mA 

70 70 70 70 Amps 

10 10 10 10 Amps 

-65 to +175 oC 

1Nl563A 1N1563-
1N1568A IN1568 Unit 
Rating Rating 

1.2 1.2 Volts 
0.9 1.0 

1.5 µA 

3.0 5.0 µA 
150 500 

I55°c MixlMUM lLowJLE 
I oc o.UTPUT I 

~ 
(SINGLE:PHASE _RESISTIVE---1 

OR INDUCTIVE LOAD) 

~ 
I'\ 
~ 
ti 

50 75 100 125 150 175 

T,.., AMBIENT TEMPERATURE (°C) 



-- Motorola Silicon Rectifiers --

1 N2609 thru 1 N2617 

Obsolete, discontinued types, replace with devices from the 1N4001 series. 

1N3189 thru 1N3191 

Obsolete, discontinued types, replace with devices from the 1N4001 series. 

1 N3208thru 1 N3212 lo= 15 AMPS 
VR - to 400V 

~ 
CASE42 ~ 

Medium-current silicon rectifiers. Cathode con
nected to case, but reverse polarity (anode-to-case 
connection) also available by adding suffix "R" to type 
number, e.g. 1N3208R. Supplied with mounting hard
ware. 

ABSOLUTE MAXIMUM RATINGS 

Rating Symbol 1N3208 1N3209 1N3210 1N3211 1N3212 Unit 1N3208R IN3209R 1N3210R 1N3211R 1N3212R 

D-C Blocking Voltage VR 50 100 200 300 400 Volts 

RMS Reverse Voltage vr 35 70 140 210 280 Volts 

Average Half-Wave Rectified 
Forward Current With Re- I • 15 15 15 15 15 Amps 
sistive L<iad 0 

Peak One Cycle Surge Current 1FM(surge) 
(60 cps & 25°C Case Temp) 250 250 250 250 250 Amps 

Operating Junction Tempera-
TJ ture 

-65 to+ 175 •c 

Storage Temperature Tstg -65 to+ 175 •c 

*Tc = 15o•c 

ELECTRICAL CHARACTERISTICS (All Types> at 2s•c Case Temp. 

Characteristic Symbol 

Mui.mum Forward Voltage at 40 Amp D-C Forward VF 1. 5 Volta 
Current 

Maxi.mum Reverse Current at Rated D-C Reverse ~ 1. 0 mAdc 
Voltage 

Typical Thermal Resistance, Junction To Case eJc 1. 7 C/W 
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Motorola Silicon Rectifiers --

1N3213, 1N3214 
For Specifications, See IN248B Data Sheet 

1 N3282thru 1 N3286 10 = lOOmA 
VR - to3000V 

CASE 51 
{D0-7) \ 

Low-current silicon rectifiers for applications re
quiring extremely high reverse - voltage capability. 
Hermetically sealed, subminiature glass package, 
offering excellent stability and reliability under envi
ronmental extremes. 

ABSOLUTE MAXIMUM RATINGS (At 60 cps Sinusoidal Input, Resistive or Inductive Load) 

Rating Symbol 1N3282 1N3283 1N3284 1N3285 1N3286 Unit 

Peak Repetitive Reverse VRM{rep) 1000 1500 2000 2500 3000 Volts 
Voltage 

DC Blocking Voltage YR 

RMS Reverse Voltage Yr 700 1050 1400 1750 2100 Volts 

Average Half-Wave Rectified 
Forward Current 

(25° C Ambient) IO 100 100 100 100 100 mA 
(100° C Ambient) 50 50 50 50 50 mA 

Peak Surge Current 1FM{surge) 2. 5 2. 5 
(1/2-cycle, 60 cps) 

2. 5. 2. 5 2. 5 Amps 

Peak Repetitive Forward 1FM{rep) o. 50 o. 50 0. 50 o. 50 o. 50 Amps 
Current 

Operating and Storage Tj, T8 tg -65 to+ 150 oc 
Temperature Range 

ELECTRICAL CHARACTERISTICS 

Characteristic Symbol Rating Unit 

Maximum Forward Voltage Drop@ 100 mA, VF 2. 5 Volts 
Continuous DC (25° C) 

Maximum Full-Cycle Average Forward Voltage VF{AV) 1. 2 Volts 
Drop @ Rated Current (100° C) 

Maximum Reverse Current@ Rated DC Voltage 
(25°C) 1a 1. 0 µA 

(100°C) 10. 0 

Maximum Full-Cycle Average Reverse Current 
@ Max Rated PIV and Current {as Half-Wave la{Av) 10. 0 µA 
Rectifier, Resistive Load, 100°C) 

Typical Thermal Resistance, Junction to Air Ambient OJA 400° C/W 
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-- Motorola Silicon Rectifiers 

1N3282 thru 1 N3286 (continued) 

100 

90 

s 80 

" 70 " ::l 
~ 60 

i 
fl 

50 

ii! 40 

i 30 ... 
20 

10 

0 

TYPICAL FORWARD CHARACTERISTICS 
(FOR ALL TYPES) 

-5QO 1----..., 

25°c 

100°c 1--. 

_j_ 
V.LJ L 

0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 
V,, FORWARD VOLTAGE DROP (VOLTS) 

100 

I 80 

~ 
:i 
~ 60 

~ 
~ 
" 40 
~ 

~ e ... 20 

0 

MAXIMUM ALLOWABLE DC OUTPUT 
(SINGLE-PHASE RESISTIVE OR INDUCTIVE LOAD) 

~ 
rs.: 

\. :s 
~ 

~ 
0 25 50 75 100 125 150 175 200 

T" AMBIENT TEMPERATURE ('CJ 

1N3491thru 1N3495 
FORMERLY 

lo= 25AMPS 
VR-to400V 

MR322 thru MR326 

Low-cost, medium-current, silicon rectifiers in 
hermetically sealed, press-fit case. Designed for 
industrial and commercial applications requiring oper
ation under severe environmental conditions. Cathode 
connected to case, but available with reverse polarity 
by adding suffix "R" to type number. 

ABSOLUTE MAXIMUM RATINGS 

Rating Symbol 1N3491 1N3492 1N3493 1N3494 1N3495 Unit MR322 MR323 MR324 MR325 MR326 
Peak Repetitive Reverse Voltage VRM(rep) 50 100 200 300 400 Volts 
DC Blocking Voltage VR 

RMS Reverse Voltage vr 35 70 140 210 280 Volts 

Average Hall-Wave Rectified For- IO Amps 
ward Current With Resistive Load 

lOO'C 25 25 25 25 25 
15o·c 18 18 18 18 18 

Peak Repetitive Forward Current 1FM(rep) 75 75 75 75 75 Amps 
(60 cps & 25°C Case Temp.) 

Peak One Cycle Surge Current 1FM(surge) 300 300 300 300 300 Amps 
(60 cps & 25°C Case Temp.) 

Operating Junction Temperature TJ -65 to +175 ·c 

Storage Temperature Tstg -65to+175 'C 
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-- Motorola Silicon Rectifiers 

1 N3491 thru 1 N3495 {continued) 

ELECTRICAL CHARACTERISTICS (At 2~·c case temperature unless otherwise specified) 

Characteristic Symbol 1N3491 1N3492 1N3493 1N3494 IN3495 
Unit M1322 MR323 MR324 MR325 M1326 

Maximum Forward Voltage at VF 1. 5 1. 5 1. 5 1. 5 1. 5 Volts 
100 Amp DC Forward 

Maximum Full-Cycle Average 
VF(AV) 0. 7 0. 7 o. 7 0.7 0. 7 Volts 

Forward Voltage Drop@ Rated 
Current and Voltage 

Maximum Reverse Current at IR 1. 0 1. 0 1. 0 1. 0 1. 0 mAdc 
Rated DC Reverse Voltage 

Maximum Full-Cycle Average 
Reverse Current at Rated 1R(AV) 10 10 8 6 4 mAdc 
Current and Voltage 

(as Half-Wave Rectifier, 
Resistive Load, 150°C Case) 

Thermal Resistance eJC 1 °C/W 

TYPICAL FWD CHARACTERISTICS (All TYPES) MAXIMUM ALLOWABLE DC OUTPUT (All TYPES) 
40 

35 

~ 30 

~ 

" " 25 
z 

~ 20 

~ 15 
t' 
~ 
- 10 

~ 
if ~ t-1so0 c 

i ~ 
!" t- 25° c 
b,,,. 

55°C t-i 

T-1 I 
J ~ 1 

25 

20 

15 

~ 
~ 
!< 

10 

B 
~ 
~ 
_; 

~ 

NOTE: CASE TEMP£RATURE MEASURED 
AT BOTTOM FLAT OF CASE 

l 0 0 
0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 LS 1.8 2.0 0 50 100 150 200 

Vf, FORWARD VOLTAGE DROP (VOLTS) Tc, CASE TEMPERATURE (°C) 

Motorola MR322-MR326 and 1N3491-1N3495 rectifiers are designed for press-fitted mounting in a heat sink. 
Recommended procedures for this type of mounting are as follows: 

I. Drill a hole in the heat sink 0. 499 ± • 001 inch in diameter. 
2. Break the hole edge as shown to prevent shearing off the knurled edge of the rectifier when it is press

ed into the hole. 
3. The depth of the break should be O. 010 inch maximum to retain maximum heat skin surface contact 

with the knurled rectifier surface. 
4. Width of the break should be 0. 010 inch as shown. 
These procedures will allow proper entry of the rectifier knurled surface, provide good rectifier- heat 

sink surface contact, and assure reliable rectifier operation. If the break is made too deep, thereby reduc
ing contact area for heat transfer, reliability of operation will be impaired. 

These devices can be mounted in a thin chassis by inserting the rectifier through an additional heat sink 
plate which is mounted in intimate contact with the upper side of the chassis. This provides additional con
tact area for the rectifier knurled edge, as well as additional heat sink capacity. 

m:~~~Jc'1~~~~~ ..c::J6., L1 r- 01 NOM 

TO SINK, I/cs= o.2·c1w ,_., f~ 
~ _2Q! ~ .01 NOM 

.505~ L DIA ~~~~~~ 
.24 ~Hf~~,;~ ., 

-I r- 0.499 ± 0.001-DIA 

HEAT SINK MOUNTING 
NOTE: 

RIVET 

\ 

INTIMATE 
CONT ACT AREA COMPLETE. 

KNURL CONTACT 
AREA 

THIN·CHASSIS MOUNTING 

ADDITIONAL 
-HEAT SINK PLATE 

THIN, CHASSIS 

Refer to Motorola brochure PR-104 for additional suggested mounting methods and examples. 
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-- Motorola Silicon Rectifiers 

USN 1 N3611thru USN 1 N3613 10 = 1 AMP 
VR- to600V 

Subminiature silicon rectifier with glass passivated 
surface in void-free, flame-proof, silicone polymer 
case. Tested in accordance with MIL-S-19500/228 
for military applications requiring up to 1 ampere 
output at 100°c. 

ABSOLUTE MAXIMUM RATINGS 
(At 60 cps Sinusoidal Input, Resistive or Inductive Load} 

Characteristic Symbol USN1N3611 USN 1 N3612 USN 1N3613 Unit 

Working Peak Reverse Voltage VRM(wkg) Volts 

DC Blocking Voltage VR 
200 400 600 

Peak Repetitive Reverse Voltage VRM(rep) 240 480 720 Volts 

Average Rectified Forward Current Io Ade 
TA= 100°C 1.0 
TA= rno0c - 0.3 

Non-Repetitive Peak Surge Current IFM(surge) Amps 
(1/2 cycle, 60 cps) 10 

Operating and Storage TA, Tstg -65 to +175 oc 
Temperature Range 

ELECTRICAL CHARACTERISTICS 

Characteristics and Conditions Symbol Minimum Maximum Unit 

Forward Voltage VF Vdc 
(IF = 1.0 Ade, TA = lQOOC) 0.6 1.2 

Reverse Current IR µAde 
(VR = 200 Vdc) USN 1N3611 - 5 
(VR = 400 Vdc) USN 1N3612 - 5 
(VR = 600 Vdc) USN 1N3613 - 5 

Reverse Current at Rated VRM(rey) IR µAde 

(VRM(rep) = 240 Vde) USN 1N36 1 - 100 
(VRM(rep) = 480 Vde) USN 1N3612 - 100 
(VRM(rep) = 720 Vde) USN 1N3613 - 100 

High Temperature Operation: 
Reverse Current @TA = 150°c IR µAde 

(VR = 200 Vde) USN 1N3611 - 300 
(VR = 400 Vde) USN 1N3612 - 300 
(VR = 600 Vde) USN 1N3613 - 300 
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Motorola Silicon Rectifiers 

1 N3649thru 1 N3650 

Obsolete, discontinued types, replace with devices from the MR1030 series. 

1N3659thru 1N3663 10 = 30.AMPS 
VR- 400V 

~ 
CASE43 \ 

Low-cost silicon rectifiers in hermetically sealed, 
press-fit case, designed for operation under severe 
environmental conditions. Cathode connected to case, 
but available with reverse polarity by adding suffix 
"R" to type number. 

ABSOLUTE MAXIMUM RATINGS at 2s 0 c Case Temp. Unless Otherwise Indicated 

Rating Symbol 
1N3659 1N3660 1N3661 1N3662 1N3663 Units 1N3659R 1N3660R 1N3661R 1N3662R 1N3663R 

Peak Repetitive Reverse Voltage VRM(rep) 50 100 200 300 400 Volts 
DC Blocking Voltage VR 

RMS Reverse Voltage vr 35 70 140 210 280 Volts 

Average Half-Wave Rectified For- Io 
ward Current with Resistive Load 

@ 100°C case 30 30 30 30 30 Amps 
@ 150°C case 25 25 25 25 25 Amps 

Peak One Cycle surge Current 1FM(surge) 400 400 400 400 400 Amps 
(150°C case temp, 60 cps) 

Operating Junction Temperature TJ -65 to +175 oc 

Storage Temperature Tstg -65 to +200 oc 

ELECTRICAL CHARACTERISTICS 

Characteristic Symbol 1N3659 1N36611 1N3661 1N3662 1N3&63 Unit 1N365911 1N3660R 1N3661R 1N3662R 1N366.3R 
Maximum Forward Voltage VF 1. 2 1. 2 1. 2 1,2 1. 2 Volts 
at 25 Amp DC Forward Current 

Maximum Full Cycle Average 
VF(AV) Forward Voltage Drop @ Rated o. 7 0.7 o. 7 o. 7 o. 7 Volts 

PIV and Current 

Maximum Full Cycle Average 
Reverse Current @ Rated PIV and 

1R(AV) 5.0 4. 5 4.0 3. 5 3. 0 mA 
Current (as half-wave rectifier, 
resistive load, 150°C) 

Thermal Resistance BJC I 'CIW 

3-18 



Motorola Silicon Rectifiers 

1 N3659 thru 1 N3663 (continued) 

40 I 

1 35 

30 

~ ~ 25 

~ 
~ 

~ 150°C 

J 25•c 

~ 
......, -55°c 

l 

~ 20 

I 
I 15 

I 10 
:i: 
-' 10 I \ 

JJ 
lL V1 

0 I 0 
0 ~ ~ " u ~ u u u u u 0 50 100 150 200 

V~ FORWARD VOLTAGE (VOLTS) Teo CASE TEMPEIATURE (DC) 

Motorola 1N3659-1N3663 rectifiers are designed for press-fitted mounting In a heat sink. Recommended 
procedures for this type of mounting are as follows: 

1. Drill a hole in the heat sink 0. 499 ± • 001 inch in diameter. 
2. Break the hole edge as shown to prevent shearing off the knurled edge of the rectifier when it is press

ed into the hole. 
3. The depth of the break should be O. 010 Inch maximum to retain maximum heat skin surface contact 

with the knurled rectifier surface. 
4. Width of the break should be O. 010 inch as shown. 

These procedures will allow proper entry of the rectifier knurled surface, provide good rectifier- heat 
sink surface contact, and assure reliable rectifier operation. If the break is made too deep, thereby reduc
ing contact area for heat transfer, reliability of operation will be impaired. 

These devices can be mounted in a thin chassis by inserting the rectifier through an additional heat sink 
plate which is mounted in Intimate contact with the upper side of the chassis. This provides additional con
tact area for the rectifier knurled edge, as well as additional heat sink capacity. 

TYPICAL THERMAL 

RESISTANCE, CASE 

TO SINK, fJcs = o.2·c1w 

RIVET 

INTIMATE 
CONTACT AREA 

COMPLETE 
KNURL CONTACT 

AREA 

THIN-CHASSIS MOUNTING 

ADDITIONAL 
HEAT SINK PLATE 

THIN CHASSIS 

NOTE: Refer to Motorola brochure PR-104 for additional suggested mounting methods and examples. 

3-19 



-- Motorola Silicon Rectifiers 

1N3879thru 1N3883 
6 AMPERES 

1 N3889thru 1 N3893 
12 AMPERES 

lo= 6 and 12 A 
VR-to400V 

CASE 50 
(00-4) 

Fast recovery silicon power rectifiers designed for 
high-frequency power supply, inverter, and converter 
applications. Typical recovery time of 100 nsec extends 
practical frequency limit of current rectification to more 
than 300, 000 cps thus permitting the design of power 
supplies with smaller, lighter, and less expensive 
associated components. Cathode connected to case, but 
available with reverse polarity by adding suffix "R" to 
type number. 

ABSOLUTE MAXIMUM RATINGS 

Rating Symbol 1N38J9 1N38811 1N3881 1N3882 1N3883 Unit 1N3889 1113898 1N3891 1N389Z 1N3893 

Peak Repetitive Reverse Voltage VRM(rep) 
Working Peak Reverse Voltage VRM(wkg) 50 100 200 300 400 Volts 

DC Blocking Voltage VR 

Non-Repetitive Peak Reverse Voltage 
VRM(non-rep) (half-wave, single phase, 100 200 300 400 500 Volts 

60 cycle peak) 

RMS Reverse Voltage v 35 70 140 210 280 Volts 
r 

1N3879 1N3889 
Rating Symbol thru thru Unit 

1N3883 1N3893 

Average Rectified Forward Current 
(single phase, resistive load, 
60 cps, Tc= 100°C) 

Io 6 12 Amperes 

Non-Repetitive Peak Surge Current 
(superimposed on rated current at 1FM(surge) 75 150 Amperes rated voltage, TC = lOO'C) 

r2t Rating (non-repetitive, fort 
i2t 2 greater than 1 msec and less 15 50 A(rms) sec 

than 8. 3 msec) 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max limit Unit 

Maximum Junction Operating Temperature Range TJ -65 to +150 'C 
Maximum Case Storage Temperature Range Tstg -65 to +175 

Maximum Steady State DC Thermal Resistance 1N3879-83 eJC 5.0 'C/Watt 
1N3889-93 2.5 
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-- Motorola Silicon Rectifiers 

1 N3879 thru 1 N3883 (continued) 

ELECTRICAL CHARACTERISTICS 
1113879 111111 1113883 

Characteristic 

DC Forward Voltage Drop 
(IF = 6. 0 Ade, Tc = 25°C) 

Full Cycle Average Reverse Current 
(I0 = 6. 0 Amps and Rated V r' 60 cps 

Tc = 100°c, single phase) 

DC Reverse Current 
(Rated vR, Tc= 100°c) 

113189 lllru 1N3893 

Characteristic 

DC Forward Voltage Drop 
(IF= 12. o Ade, Tc= 25°C) 

Full Cycle Average Reverse Current 
(I0 = 12. 0 Amps and Rated V r' 60 cps 

Tc= l00°c, single phase) 

DC Reverse Current 
(Rated vR, Tc= l00°c> 

Symbol Max Limit Unit 

VF 1. 4 Vdc 

'it(Av) 3. 0 mA 

'R 1.0 mA 

Symbol Max Limit Unit 

VF 1.4 Vdc 

'it(Av) 5. 0 mA 

'R 3,0 mA 

REVERSE RECOVERY TIME CHARACTERISTICS 

Characteristic Symbol Max limit Unit 

Maximum Reverse Recovery Time trr 200 nsec 
(~ = 1 Amp min, see test circuit) 

Maximum Overshoot Current Ios 2.0 Amps 
(see test circuit) 

TYPICAL RECOVERY PATTERN 

ZERO Vf\ )T 
REFERENCE ~-~ L_ 

t---+--+--los "- I' 
--~ 

l 
- n~~cl-
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FAST RECOVERY 
RECTIFIERS GREATLY 

INCREASE EFFICIENCY 

' 

TYPICAL LOSSES AT 
HIGH FREQUENCY.WITH 

CONVENTIONAL RECTIFIERS 
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I 



Motorola Silicon Rectifiers 

1N3879 thru 1N3883 (continued) 

TYPICAL REVERSE RECOVERY TIME- ALL TYPES 

Tc::: 25° C TEST CIRCUIT 
The drive conditions were ob
tained by setting the forward 

2.5 f--'~--t---'l.--t---'<--t--...---+---"1----+----1-POWer supply at the desired for--+----l 
ward current and adjusting the 
variable resistor to allow various 
ovenhoot currents. 

2.0 

I 
i 1.5 

i 
j 

1.0 

80 90 100 110 120 130 140 150 160 170 180 190 
t,., REVERSE RECOVERY TIME (nsec) 

1N3889·93~ 
1N3879·837 " MAXIMUM AVERAGE FORWARD CURRENT versus MAXIMUM CASE TEMPERATURE 

10 20 

181----t--~-"!' ..... ..:::-+---+---+--+---1---+--l-----l---+--+--~ 
16 ~ 
14 

12 

10 

l~ 

-+-3~ 

6• 

90 95 100 

MAXIMUM REVERSE RECOVERY TIME 
TEST CIRCUIT (trrl 

105 110 115 120 
Tc, MAXIMUM CASE TEMPERATURE (° CJ 

3-22 

125 130 135 140 145 

A - Tektronix 545A, 
K Plug-in Pre-Amp, 
P6000 Probe of Eq. 

150 

R1 - Adjusted for 1.40 
between point 2 of 
relay and rectifier. 
Inductance= 3 JLh. 

R, - Ten 1 W, 100, 
1 % carbon comp. in 
parallel. 

Tc= 25 ~0° •c for 
rectifiers. 

Minimize all lead 
lengths. 



Motorola Silicon Rectifiers 

1N4001thru 1N4007 10 = 1 AMP 
VR-to lOOOV 

Low-current, glass passivated silicon rectifiers in 
subminiature void-free, flame-proof silicone polymer 
case. Designed to operate under military environmental 
conditions. 

ABSOLUTE MAXIMUM RATINGS <At 60 cps Sinusoidal, Input, Resistive or Inductive Loadl 

Rating Symbol 1N4001 1N4002 1N4003 1N4004 1N4005 1N4006 1N4007 Unit 

Peak Repetitive Reverse Voltage VRM(rep) 50 100 200 400 600 800 1000 Volts 
DC Blocking Voltage VR 

RMS Reverse Voltage v 35 70 140 280 420 560 700 Volts 
r 

Average Half-Wave Rectified 
Forward Current (75°C Ambient) IO 1000 1000 1000 1000 1000 1000 1000 mA 

(100°C Ambient) 750 750 750 750 750 750 750 mA 

Peak Surge Current 25°C 
(1/2 Cycle Surge, ·50 cps) 

1FM(surge) 30 30 30 30 30 30 30 Amps 

Peak Repetitive Forward Current 1FM(rep) 10 10 10 10 10 10 10 Amps 

Operating and Storage TJ,Tstg -65 to+ 175 oc 
Temperature Range 

ELECTRICAL CHARACTERISTICS 

Characteristic 

Maximum Forward Voltage Drop 
(1 Amp Continuous DC, 25°C) 

Maximum Full-Cycle Average Forward Voltage Drop 
(Rated Current @ 25 °C) 

Maximum Reverse Current @ Rated DC Voltage (25°C) 
(100°C) 

Maximum Full-Cycle Average Reverse Current 
(Max Rated PIV and Current, as Half-Wave 
Rectifier, Resistive Load, 100°C) 

TYPICAL FORWARD CHARACTERISTICS 
2.0~-~-~-~--~-~-~-~ 

1000?...[ 1 
~ 1.6 

~ l--+---+--+--2s_0+~'-l4'--..i--f-+----l 
:! -50°Q r 2 t----+---+--+---tti'--111-t-t~--+---i ~ 0.8 l--+---+-_,,___-lf.--f.--H'---+---4 

~ 
fi' 1 J_ 
s o.41----+--1----+-L-+-llL_,_L"*'---+---1 

Y.AL 
0.2 0.4 0.6 0.8 1.0 1.2 1.4 

V,, FORWARO VOLTAGE DROP (VOLTS) 
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lOOOmA 

750mA 

SOOmA 

250mA 

0 
0 

Symbol Rating Unit 

VF 1.1 Volts 

VF(AV) o. 8 Volts 

IR 0. 01 mA 
0. 05 

~(AV) 0. 03 mA 

MAXIMUM DC OUTPUT 

2s0 c 

~ 
~ 
~ 
~ 

so0 c 75°C 100°c 12s0 c 150°C 175°C 

T., AMBIENT TEMPERATURE 



-- Motorola Silicon Rectifiers 

1N4719 thru 1N4725 10 = 3 Amps 
VR -to 1000 V MR1030 thru MR1036, MR1038, MR1040 

CASE 66A 
1N4719 THRU 1N4725 
MR1030A THRU MR1040A 

CASE 67A 
MR1030B THRU MR1040B 

Silicon high-conductance rectifiers available in either 
axial-lead or single-ended packages. Type numbers 
shown have cathode connected to case. For anode
to-case connection, add suffix "R" to type number, 
i.e. IN4720R 

ABSOLUTE MAXIMUM RATINGS (Both Package Types) TA= 25°C unless otherwise noted 

~~119 rum ~~721 114722 
~11135 

1147ll 1114724 mm 
Rating Symbol 11131 11131 11032 111033 111034 111036 111131 111041 Unit 

Peak Repetitive Reverse Voltage VRM (rep) 
Working Peak Reverse Voltage VRM(wkg) 50 100 200 300 400 500 600 800 1000 Volts 
DC Blocking Voltage VR 

Non-Repetitive Peak Reverse VRM 
Voltage (non-rep) 100 200 300 400 500 600 720 1000 1200 Volts (one half-wave, single phase, 

60 cycle peak) 

RMS Reverse Voltage Vr 35 70 140 210' 280 350 420 560 700 Volts 

Average Rectified Forward Current Io 
(single phase, resistive load, 3.0 Amps 
.60 cps, TA = 75°c) see figure 4 

Peak Repetitive Forward Current 1FM (rep) 25 Amps 
(TA = 75°ci 

Non-Repetitive Peak Surge Current 1FM(surge) 
(superimposed on rated current - 300 (for 1/2 cycle) - Amps 
at rated voltage, TA = 75oC) 
see figure 1 

l2t Rating (non-repetitive, l2t 185 A(rms)2sec 
1 msec <t <8.3 msec) 

Operating and Case Temperature TJ' Tstg -65 to+ 175 oC 

Thermal Resistance 9J·A 30 0 c/watt 
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--· Motorola Silicon Rectifiers 

1 N4719 thru 1 N4725 (Continued) 

ELECTRICAL CHARACTERISTICS (All Types) 

Cha11cteristic srmbol Mu LimH UnH 

Full Cycle Average Forward Voltage Drop VF(AV) Volts 
(lo = 3.0 Amps and Rated Vr, 0.45 
TA"' 75°c, Half Wave Rectifier) 

DC Forward Voltage Drop 
{IF "' 3.0 Ade, TA = 2s0c) 

VF 0.9 
Volts 

Full Cycle Average Reverse Current IR(AV) mA 
('o = 3.0 Amps and Rated v,, 1.5 
TA= 75°C, Half-Wave Rectifier) 

DC Reverse Current la 
(Rated Va, TA = 25°c) 0.5 

mA 

MAXIMUM SURGE CURRENT T. = 75'CI 

400~~~~~~~~~~~~~~~~~~~~ 

~ $ 

~ !E 
~ ~ 300k:::c-~+---!~t-t--t-t-tt-f--~~t--t~t-t-t-t-t-ti 

!)!~ ~ 
~ ~ 2001--~~+---+~i-==~"""=l-H~~~r--+~f--1-++1--H 
~ r_) +--.._ 
~~ I ~ 
~ ~ iool--~~+---+~l--l--+-1-1-H~~~f---=F,,,_l...Jt-l:-++1--H 

6 8 10 20 .so 100 

I~ 
J 0 1 40 

CYCLES AT 60 CYCLES PER SECONO 

FORWARD VOLTAGE CHARACTERISTICS 

0.2 '---"---.L..Li.L--J1-L-L---L-L--,___,____. 
O.l 0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 

v,, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 

MAXIMUM FORWARD POWER 
DISSIPATION versus AVERAGE FORWARD CURRENT MAXIMUM FORWARD CURRENT versus AMBIENT TEMPERATURE 

5.0 
(60 CPS, RESISTIVE OR INDUCTIVE LOAD) 

H 

4.0 

I 
I 3.0 I-

!;! 

~ 
~ 2.0 

I I-
I-

J J.0 

60 80 100 120 140 160 180 

1,1.,1, AVERAGE FORWARD CURRENT (AMPS) T., AMBIENT TEMPERATURE (•C) 

MR322 thru MR326 

For Specifications, See IN3491 Data Sheet 
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Motorola Silicon Rectifiers 

MR) 030 thru MR) 036 
MR) 038, MR) 040 For Specifications, See 1N4719 Data Sheet. 

MR 1200thru MR 1207 lo= 50 AMPS 
VR - to 400V 

Silicon power rectifiers designed with double-case, 
multi - cell construction for extreme reliability and 
ruggedness. Standard cathode-to-case polarity, but 
available with reverse polarity by adding suffix "R" to 
type number. 

ABSOLUTE MAXIMUM RATINGS 

Ratint SJmbol MR MR MR MR MR MR MR MR Units 
1200 1201 1202 1203 1204 1205 1206 1207 

Peak Repetitive Reverse Voltage VRM(rep) 
Working Peak Reverse Voltage VRM(wkg) 50 100 150 200 250 300 350 400 Volts 

OC Blocking Voltage YR 

Non-Repetitive Peak Reverse Voltage 
VRM (non-rep) (one half-wave, single phase, 150 200 250 300 350 400 450 500 Volts 

60 cycle peak) 

RMS Reverse Voltage v 
r 35 70 105 140 175 210 245 280 Volts 

Average Rectified Forward Current 
(single phase, resistive load, lo 50 Amperes 
60 cps, Tc= 150"C) 

Non-R,petitive Peak Surge Current 800 (for 1/2 cycle) 
(superimposed on rated current at 1FM (surge) Amperes 
rated voltage, TC= 150"C) 

1-- 500 (for six consecutive 1/2 cycles)-. 

12t Rating (non-repetitive, for t 
121 A(rms)2sec greater than 1 msec and less 1, JOO 

than 8. 3 msec ) 

Operating and Storage Temperature TJ, Tstg -65 to +190 "C 

Thermal Resistance .Jc 0. 60 °C/Watt 

ELECTRICAL CHARACTERISTICS 

Characteristic and Conditions S,mbol Maximum Units limit 

Full Cycle Average Forward Voltage Drop 
VF(AV) 0. 4 Volts 

(rated 10 and Vr' single phase, 60 cps. Tc=150"C) 

Full Cycle Average Reverse Current 
ii(AV) 10 rnA {rated 10 and Vr' single·phase, 60 cps, Tc=150gC) 
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-- Motorola Silicon Rectifiers 

MR1200 thru MR1207 (continued) 

FORWARD VOLTAGE CHARACTERISTICS 

1000 

800 

600 

400 

200 

~ 100 

~ 80 

i 60 

B 40 

I 
w 20 ; 
~ 10 

!1 

1 

;} 
MAXIMUM FORWARD CURRENT versus MAXIMUM CASE TEMPERATURE 

70 

lZi' 
_j_v 

~ 
60 

11 
,/ I 

T, = 150° TJ= 2soc 

10 

0 
0 100 110 120 130 140 150 160 170 180 190 

Tc , MAXIMUM CASE TEMPERATURE (°C) 

0 0.2 Q.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 

v,, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 

20 

MAXIMUM SURGE CURRENT (Tc= 150°C) i 800~ 
~ ~ 

I ~ - 600 t-~---t--f"o;;:-t-t--t-t-++;----t---tt---+-t-t-t-+-t-i r--. 
~ 400 ~ 

~ f'l I 200 t------l--t--+-,f--H-+-H----+---tP-..CN-+~--iN-++H 

~ 
~ 

l 
j 

o._~~....1~~.i.......1.__..._L...i....i...l..l~~~...1.~--'~...i.....1.....1...i.."'-..i 

I 8 10 20 
CYCLES AT 60 CYCLES PER SECOND 

MAXIMUM SINGLE·PHASE CURRENT RATING 

40 60 80 100 120 140 160 180 

TA I AMBIENT TEMPERATURE (°C) 
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40 

200 

60 80 100 

CONDITIONS 

S x S x ':18 copper heat sink 
fin•~ 0.9 and mounted parallel 
to airflow, 180° conduction. 

For 3 phase ratings multiply 
current scale by 0.85. 

For 6 phase ratings multiply 
current scale by 0.60. 

I 
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-- Motorola Silicon Rectifiers 

MR 121 Othru MR 1217 lo= 80 AMPS 
VR- to400V 

SL SB 

Silicon power rectifiers designed with double-case, multi-cell construction 
for extreme reliability and ruggedness. Standard cathode-to-case polarity, 
but available with reverse polarity by adding suffix "R"to type number. Avail
able in two package styles having identical ratings and characteristics. Desired 
package can be selected by adding suffix "SB" or ''SL" to type number. 

ABSOLUTE MAXIMUM RATINGS (All Package Types) 

1111111 Syllbll MR MR MR MR MR MR MR MR Units 1210 1211 1212 1213 1214 1!15 1218 1217 

Peak Repetitive Reverse Voltage 
VRM(rep) 

Working Peak Reverse Voltage 
VRM(wkg} 50 100 150 200 250 300 350 400 Volts 

DC Blocking Voltage VR 

Non-Repetitive Peak Reverse Voltage 
VRM(noo-rep) (one hallwave, single phase, 150 200 250 300 350 400 450 500 Volts 

60 cycle peak) 

RMS Reverse Voltage v r 35 70 105 140 175 210 245 280 Volts 

Average Rectified Forward Current 
lo 80 Amperes (single phase, resistive load, 

60 cps, Tc= 150 °c) 

Non-Repetitive Peak Surge Currents 
1FM(surge) 

- 2,000 (for 1/2 cycle) -(superimposed on rated current at 
rated voltage, TC= 150°C) Amperes 

~ 1, 200 (for six consecutive 1/2 cycles)....,... 

~t Rating (non-repetitive, for t 
i2t 8,300 A(rms) 2sec greater than 1 msec and leas 

than 8. 3 msec) 

Operating and Case_ Temperature TJ, Tstg -65 to +190 •c 

Thermal Resistance •Jc 0.40 °C/Watt 

ELECTRICAL CHARACTERISTICS (All Package Types) 

Cbll'IC!lrlstlc 1nd Candttlons Symbol Mulm1m Ulllls Umtt 

Full Cycle Average Forward Voltage Drop 
VF(AV) 0.4 Volts (rated 10 and V r' single phase, 60 cps, TC: 150°C) 

Full Cycle Average Reverse Current 
1R(AV) (rated 10 and V r' single phase, 60 cps, Tc= 150°C} 15 mA 
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-- Motorola Silicon Rectifiers 

MR 1210 thru MR 1217 (continued) 

FORWARD VOLTAGE CHARACTERISTICS 
400 0 

0 -200 

Lt ~ 
v MAXIMUM FORWARD CURRENT versus MAXIMUM CASE TEMPERATURE 

0 100 
80 0 

GO 0 

0 

0 

0 
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0 
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4 

2 

1 

140 oc 
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TJ= 1so0 f/ ITTJ = 25°C 
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0 
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Tc. MAXIMUM CASE TEMPERATURE {°C) 

0 0.2 0.4 0.6 0.8 1.0. 1.2 1.4 1.6 1.8 2~0 

VF, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 

l 
.1 

20 

MAXIMUM SURGE CURRENT (Tc= 150°C) 

10 20 

CYCLES AT 60 CYCLES PER SECOND 

MAXIMUM SINGLE-PHASE CURRENT RATING 

40 60 80 100 120 140 180 180 

T •, AMBIENT TEMPERATURE (°C) 
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40 60 80 100 

CONDITIONS 

S x S x 14 copper heat sink 
finE;;;;;; 0.9 and mounted parallel 
to air ftow. 180° conduction. 

For 3 phase ratings multiply 
current scale by 0.8S. 

For 6 phase ratings multiply 
current scale by 0.60. 
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-- Motorola Silicon Rectifiers 

MR 1220thru MR 1227 

fB SL 

lo= 160 AMPS 
VR -to400V 

fl 

Silicon power rectifiers designed with double-case, multi-cell construction 
for extreme reliability and ruggedness. Standard cathode-to-case polarity, 
but available with reverse polarity by adding suffix "R"to type number. Avail
able in a variety of packages, all of which have the same ratings and charac
teristics. Desired package can be selected by adding suffix "SB", "FB", "SL", 
or "FL" to type number. 

ABSOLUTE MAXIMUM RATINGS 

Rating SJlllbOI Mii MR MR MR MR MR MR MR Unit 1220 1221 1222 1223 1224 1225 1226 :1221 

Peak Repetitive Reverse Voltage VRM(rep) 
Working Peak Reverse Voltage VRM(wkg) 50 100 150 200 250 300 350 400 Volts 

DC Blocking Voltage VR 

Non- Repetitive Peak Reverse Voltage 
VRM(non-rep) (one halfwave, single phase, 150 200 250 300 350 400 450 500 Volts 

60 cycle peak) 

RMS Reverse Voltage v 
r 

35 70 105 140 175 210 245 280 Volts 

Average Rectified Forward Current 
(single phase, resistive load, I 160 Amperes 
60 cps. TC= 150°C) 0 

Non-Repetitive Peak Surge Currents 3, 600 (for 1/2 cycle) 

(superimposed on rated current at 2, 000 (for six consecutive Amperes 

rated voltage, TC = 150°C) 1/2 cycles) 

r2t Rating (non-repetitive for t 
r2t 

2 
greater than 1 msec and less 27' 000 A(rms) sec 
than 8. 3 msec) 

Operating and Case Temperature T J' Tstg -65 to +190 ·c 

Thermal Resistance IJJ c 0.20 °C/Watt 

ELECTRICAL CHARACTERISTICS 

Characteristics and Conditions SJlllbel Max limit Unit 

Full Cycle Average Forward Voltage Drop 
VF(AV) 0.4 Volts (rated 10 and V r' single phase, 60 cps. TC= 150°C) 

Full Cycle Average Reverse Current 
(rated 10 and V r' single phase, 60 cps, TC = 150°C) 

la(AvJ 20 mA 
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-- Motoro/a·si/icon Rectifiers 

MR1220 thru MR1227 (continued) 

FORWARD VOLTAGE CHARACTERISTICS 
10,000 

8000 

6000 

4000 

2000 

1000 

! 
800 
600 

5 400 

iS 

~ 200 

I 100 
80 e 60 

~ 40 

i 20 

·- 10 
8 

1 

200 

I 160 ,. 
5 
>-
lli 

~ 120 

Q 

i 
~ 80 

s 
~ 40 

~ 
J 

MAXIMUM FORWARD CURRENT versus MAXIMUM CASE TEMPERATURE 
~ 

2 
fl 

I_.L 

IL 
TJ = 1so0 c JTJ = 25°C 

I 
~ 

I 
i 
il! 
~ 
::: 
j 

300 

280 

240 

200 

160 

120 

80 

40 

0 

DC 

6; 

0 110 120 130 140 150 160 170 180 190 200 

Tc, MAXIMUM CASE TEMPERATURE (°C) 

0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 

vf, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 

13' 
ffi .. 
~ 3600 

MAXIMUM SURGE CURRENT (Tc= 150°C) 

>-

i 
=> 
<> 
~ 2400 
~ ... 
z 
;;; 
~ 

1600 < :c 

"" 
~ 
ffi 
ig 800 .. ,. 
~ 
ill 

i 
.1 

4 6 8 10 20 
CYCLES AT 60 CYCLES PER SECOND 

MAXIMUM SINGLE·PHASE CURREllT RATING 

20 40 60 80 100 120 140 160 180 
T,, AM81ENTTEMPERATURE (°CJ 

3-31 

200 
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CONDITIONS 

7 x 7 x 1A copper heat sink 
finE ~ 0.9 and mounted parallel 
to air :flow. 180° conduction. 

For 3 phase ratings multiply 
current scale by 0.8S. 

For 6 phase ratings multiply 
current scale by 0.60. 
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-- Motorola Silicon Rectifiers 

MR 1230thru MR 1237 

SB FB SL 

10 = 240AMPS 
VR - to400V 

fl 

Silicon power rectifiers designed with double-case, multi-cell construction 
for extreme reliability and ruggedness. Standard cathode-to-case polarity, 
but available with reverse polarity by adding suffix "R" to type number. Avail
able in a variety of packages, all of which have the same ratings and charac
teristics. Desired package can be selected by adding suffix "SB", "FB", ''SL", 
or "FL" to type number. 

ABSOLUTE MAXIMUM RATINGS 

Rating Symbol MR MR MR MR MR MR MR MR Unit 1230 1231 1232 1233 1234 1235 1238 1237 

Peak Repetive Reverse Voltage VRM(rep) 
Working Peak Reverse Voltage VRM(wkg) 50 100 150 200 250 300 350 400 Volts 

DC Blecking Voltage VR 

Non-Repetitive Peak Reverse Voltage 
(one halfwave, singie phase, V RM(non•rep) 150 200 250 300 350 400 450 500 Volts 60 cycle peak) 

RMS Reverse Voltage v 35 70 105 140 175 210 245 280 Volts 
r 

Average Rectified Forward Current 
(single phase, resistive load, I 240 Amperes 
60 cps, TC = 150°C) 0 

Non-Repetitive Peak Surge Currents - 5, 000 (for 1/2 cycle) -
(superimposed on rated current at IFM(surge) - 3, 000 (for six consecutive -- Amperes 
rated voltage, TC = 150'C) 1/2 cycles 

i2t Rating (non-repetitive, for t 
i2t 

2 
greater than 1 msec and less 52, 000 A(rms) sec 
than 8. 3 msec) 

Operating and Case Temperature TJ, Tstg -65 to +190 'C 

Thermal Resistance 8JC 0.12 'C/Watt 

ELECTRICAL CHARACTERISTICS 

Characteristics and Conditions Symbol Max limit Unit 

Full Cycle Average Forward Voltage Drop 
(rated I0 and V r' single phase, 6Q cps= 150°C) VF(AV) 0.4 Volts 

Full Cycle Average Reverse Current 
(rated I0 and Vr' single phase, 60 cps= 150°C) 1R(Av) 35 mA 



-- Motorola Silicon Rectifiers 

MR1230 thru MR1237 (continued) 

FORWARD VOLTAGE CHARACTERISTICS 
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40 60 80 100 

CONDITIONS 
8 x 8 x 14 copper heat sink 
finE 2': 0.9 and mounted parallel 
to airflow. 180° conduction. 

For 3 phase ratings multiply 
current scale by 0.85. 

For 6 phase ratings multiply 
current scale by 0.60. 
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-- Motorola Silicon Rectifiers 

MR J 240thru MR 1247 

SB FB SL 

lo= 400 AMPS 
VR.-to400V 

FL 

Silicon power rectifiers designed with double-case, multi-cell construction 
for extreme reliability and ruggedness. Standard cathode-to-case polarity, 
but available with reverse polarity by adding suffix "R"to type number. Avail
able in a variety of packages, all of which have the same ratings and charac
teristics. Desired package can be selected by adding suffix "SB", "FB", "SL", 
or "FL"'' to type number. 

ABSOLUTE MAXIMUM RATINGS 

Ratinf Symbol MR MR MR MR MR MR MR MR Units 
1240 1241 1242 1243 1244 1245 1246 1247 

Peak Repetitive Reverse Voltage VRM(rep) 
Working Peak Reverse Voltage VRM(wkg) 50 100 150 200 250 300 350 400 Volts 

OC Blocking Voltage YR 

Non-Repetitive Peak Reverse Voltage 
VRM(non-rep) (one halfwave, single phase, 150 200· 250 300 350 400 450 500 Volts 

60 cycle peak) 

RMS Reverse Voltage v r 35 70 105 140 175 210 245 280 Volts 

Average Rectified Forward Current 
(single phase, resistive load, 'o 400 M.mperes 
60 cps, Tc~ 150"C) 

Non-Repetitive Peak Surge Currents 
- B, 000 (for 1/2 cycle) -(superimposed on rated current at 1FM(surge) Amperes 

rated voltage, Tc== 150cC) 
1- 4, 500 (for six consecutive 1/2 cycles) ....... 

t2t Rating (non-repetitive, !or t 
,2t 

A(rms)2sec 
greater than 1 msec and less 133, ODO 
than 8. 3 msec) 

Operating and Case Temperature TJ, Tstg -65 to +190 oc 

Thermal Resistance •Jc 0. 075 °C/Watt 

ELECTRICAL CHARACTERISTICS 

Ch1racteristtc and Conditions Symbol Maiimum Units Limit 

Full Cycle Average Forward Voltage Drop 
VF(AV) 0. 4 Volts 

(rated 10 and Vr' single phase, 60 cps, Tc= 150" C) 

Full Cycle Average Reverse Current 
1R(AV) 50 mA 

( rated 10 and V r' single phase, 60 cps, TC" 150° C) 
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-- Motorola Silicon Rectifiers 

MR1240 thru MR1247 (continued) 

FORWARD VOLTAGE CHARACTERISTICS 
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For 3 phase Fatings multiply 
.current scale by 0.85. 

For 6 phase ratings multiply 
current scale by 0.60. 
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-- Motorola Silicon Rectifiers 

MR1260thru MR1267 10 = 650 AMPS 
VR -to400V 

Silicon power rectifiers designed with double-case, 
multi - cell construction for extreme reliability and 
ruggedness. Standard cathode-to-case polarity, but 
available with reverse polarity by adding suffix "R" to 
type number. 

ABSOLUTE MAXIMUM RATINGS 

11111111 sr11bo1 MR MR MR MR MR MR MR MR Units 
12&0 1261 1262 1263 1264 1265 1266 1m 

Peak Repetitive Reverse Voltage VRM(rep) 
Working Peak Reverse Voltage VRM(wkg) 50 100 150 200 250 300 350 400 Volts 

DC Blocking Voltage VR 

Non-Repetitive Peak Reverse Voltage 
VRM (non-rep) (one half-wave, single phase, 150 200 250 300 350 400 450 500 Volts 

60 cycle peak) 

RMS Reverse Voltage v r 35 70 105 140 175 210 245 280 Volts 

Average Rectif~ed Forward Current 
(single phase, resistive load, lo 650 Amperes 
BO cpe, Tc= 150"C) 

Non-Repetitive Peak Surge Currents - 12, 000 (for 1/2 cycle) -(superimposed on rated current at 1FM(surge) Amperes 
rated voltage, TC= 150"C) ,.._. 8,000 (for six consecutive 1/2 cycles)_. 

t2t Rating (non-repetitive, for t 
121 A(rms)2sec greater than 1 msec and less 300, 000 

than 8. 3 msec) 

Operating and Storage Temperature TJ' T8tg -65 to +190 •c 

Thermal Resistance 'Jc 0.045 1"C/Watt 

ELECTRICAL CHARACTERISTICS 

Cbmcteristlc and Condltlens Srmbol Mulm1m Units LlmH 

Full Cycle Average Forward Voltage Drop 
VF(AV) 0. 4 Volts 

(rated 10 and Vr, single phase. 60 cps, Tc=l50'C) 

Full Cycle Average Reverse Current 1R(A\') 100 mA 
(rated 10 and V r' single phase, 60 cpe, T c=l50' C) 
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-- Motorola Silicon Rectifiers 

MR1260 thru MR1267 (continued) 

FORWARD VOLTAGE CHARACTERISTICS 
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160 180 200 

CONDITIONS 

10x10x14 copper heat sink 
fin E 2: 0.9 and mounted parallel' 
toairftow, 180° conduction. 

For 3 phase ratings multiply 
current scale by 0.8S. 

For 6 phase ratings multiply 
current scale by 0.60. 
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Motorola. Silicon Rectifiers 

MR 1290thru MR 1297 10 = lQOO Amps 
VR -to 400 V 

Silicon power rectifiers designed with multi-cell con
struction for extreme reliability and ruggedness. 
Standard polarity is cathode-to-water-cooled case, 
but reverse polarity devices are available designated 
by an "R" suffix. i.e. MR1295R 

MAXIMUM RATINGS 

Ratln1 Symbol MR MR MR MR MR MR MR MR Units 1290 1291 1292 1293 1294 1295 1296 1297 

Peak Repetitive Reverse Voltage VRM(rep) 
Working Peak Reverse Voltage VRM(wkg) 50 100 150 200 250 300 350 400 Volts 

DC Blocking Voltage VR 

Non-Repetitive Peak Reverse Voltage 
(one half-wave, single phase, VRM(non-rep) 100 200 250 300 350 400 450 500 Volts 
60 cycle peak) 

! 

RMS Reverse Voltage Vr 35 70 105 140 175 210 245 280 Volts 

Continuous Average Rectified 
Forward Current 

(single phase, resistive load, Io 1000 Amperes 
60 cps, Tc = 150°c) 

Non-Repetitive Peak Surge CUTrents 
18,000 (for 1/2 cycle) -(suiperimposed on rated current at 

rated voltage, Tc = 150°c) IFM(surge) Amperes 
-13,500 (for six consecutive 1/2 cycles)-

Operating and storage Temperature TJ, T81g -65 to +190 OC 

Thermal Resistance DC 8JC o. 035 0 c/watt 
'1 and 3 phase 0.045 
6 phase 0.060 

Case Temperature Reference Point: Tc measured at center edge of the water cooled mounting bus 

ELECTRICAL CHARACTERISTICS 

Characteristic 1nd Candltlons Symbol Maximum Units Limit 
Full Cycle Average Forward Voltage Drop 

VF(AV) 0.4 Volts (rated IQ and Vr, single phase, 60 cps, Tc = 150°C) 

Full Cycle Average Reverse Current 
(rated Io and V r• single phase, 60 cps, Tc = 150°C) 1R(AV) 0.2 Amperes 
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Motorola Silicon Rectifiers 

MRl 290 thru MRl 297 (Continued) 
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Type of <;ooling- Water 
Min Inlet Water Temp. - 0°C 
Max Inlet Water Temp. - 75°C 

NOTE: Water ftow rates may be decreased at lighter load 
demands provided maximum case temperatures are not ex
ceeded. In some applications where cooling systems are op
erated in series, it may be desirable to increase fl.ow rates in 
order to minimize water temperature rises. 
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NOTE: 
Curves apply to normal rectifier 

service conditions with maintained 
Rectifier Case Temperature (Tc) equal 
to or less than the values specified. 

To determine the Maximum Average 
Current [IFcAV>] per rectifier, multiply 
the RMS Current [It] rating by the fac
tor given for the operating condition. 
• hcAV> = .64Ir for Single Phase 
e hcAv> = .57Ir for Three Phase and 

Six Phase with interphase 
• IFcAv> = .401t for Six Phase Star 
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-- Motorola Silicon Rectifiers 

MR 1337-lthru MR1337-5 lo= lAMP 
VR- to400V 

CASE 52 

Fast recovery silicon rectifiers designed for high
frequency power supply, inverter, and converter appli
cations. Typical recovery time of 100 nsec extends 
practical frequency limit of current rectification to 
more than 300, 000 cps thus permitting the design of 
power supplies with smaller, lighter, and less expen
sive associated components. 

ABSOLUTE MAXIMUM RATINGS 

f 
~ 

i 
i3 

I 
I 
i 
.!f 

Rating Symbol MR MR MR MR MR 
Unit 1337·1 1337-2 1337-3 1337-4 1337-5 

Peak Repetitive Reverse Voltage VRM(rep) 
Working Peak Reverse Voltage VRM(wkg) 50 100 200 300 400 Volts 

DC Blocking Voltage VR 

Non-Repetitive Peak Reverse Voltage 
(half-wave, single phase, VRM(non-rep) 100 200 300 400 500 Volts 
60 cycle peak) 

RMS Reverse Voltage v r 

Average Rectified Forward Current 
(single-phase resistive load)TA=25°C 

Figure 2 TA=75'C 
IO 

Non-Repetitive Peak Surge Current 
Figure 3 (superimposed on rated 1FM(surge) current at rated voltage, TA= 75 'C) 

Peak Repetitive Forward Current 
1FM(rep) (TA= 75°C) 

r2t Rating 
r2t (non-repetitive, for t greater than 

1 msec and less than 8. 3 msec) 

Maximum Junction Operating 
TJ Temperature Range 

Maximum Case Storage 
Tstg Temperature Range 

Maximum Steady State DC 
llJA Thermal Resistance 

FlllURE I - TYPICAL FORWARD CHwCTERISTICS 
(FOR ALL TYPESl 
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-- Motorola Silicon Rectifiers 

MR1337-1 thru MR1337·5 (continued) 

ELECTRICAL CHARACTERISTICS 

Characteristic Symbol Max limit Unit 

DC Forward Voltage Drop 
VF 1.1 Vdc Uy= 1.0Adc, TA =25°C) 

Full Cycle Average Forward Voltage Drop 
(10 = o. 75 Amps and Rated V r' TA= 75°C, VF(AV) 0.55 Volts 

Half Wave Rectifier) 

Full Cycle Average Reverse Current 
(10 = O. 75 Amp and Rated V r' TA= 75°C, 'R(Av) 0.75 mA 

single phase) 

DC Reverse Current 
'R 0.25 mA (Rated VR' TA= 25°C) 

Maximum Reverse Recovery Time 
trr 200 nsec (IF = 1 Amp min) 

Maximum Overshoot Current 1os 2.0 Amps 

Fl8UI£ 3-IUXlllUll ALLOWABLE NOll-IEl'f'llTM SORCE CUlllENT (SUPERIMPOSED ON RAJID CONDmONS. v_ APl'LIED AF1£R SURGE, r. = 75°C) 

1lS Vac 
60CPS 

f---

-
CYCLES AT 60 CYCLES PER SECOND 

FICUIE 4 - t.. Tm CIRCUIT 

I' " ( l 
UNIT\.. / 

UNDER TEST 

3Dll 
50W 

NON-INDUCTIVE 
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~ t. 1.-

lERD ~~ 
REFERiE-J: 

.L'.'J l 

:CJ=_ - !AMP 

A - TEXTRONIX 545A, K PlUG-IN 
PRE..IMP, P6000 PROBE DR EQ 

T 

R, - ADJUSTED FDR 1.40 B£1WEEN 
POINT 2 OF RELAY AND RECTIFIER. 
INDUCTANCE - 38 ,JI 

R2 - TEN I W, Ion, I% CARBON COMP. 
IN PARAilll 

T, =25 -!:_lg °C FDR RECTIFIER 

MINIMIZE AU LEAD LENGTHS 



HAVING A SEMICONDUCTOR APPLICATIONS PROBLEM? 
Perhaps one of Motorola's authoritative Technical Information notes can 

help you find a solution. 
The most recent index to the growing list of Motorola Application Notes 

appears below. 
AN-111 Video Amplifier with 150-mc Bandwidth 
AN-112 400-mc Power Oscillator 
AN-114 
AN-124 
AN-129 
AN-130 
AN-133 
AN-134 
AN-136 
AN-138 
AN-140 
AN-141 

AN-142 
AN-143 
AN-144 
AN-146 
AN-148 
AN-149 
AN-150 
AN-151 
AN-152 
AN-153 
AN-155 
AN-156 
AN-157 
AN-158 
AN-159 
AN-160 
AN-161 

IC-10 

IC-11 

Modulation of Driver Stage to Increase Power Output of A-M Transmitter 
The 2N741 Mesa Transistor as a Power Oscillator and Class C Amplifier 
For Computers ... Basic RCTL Circuits 
2N711 Computer Circuits 
Designing Low-Noise RF Input Transistor Stages 
Power Inverter Circuits Using Distributor Components 
Techniques of Current-Mode Logic Switching 
Transistor Switches: The Best Design for the Worst Case 
Characterization of SCR's as Switches for Line Type Modulators 
Silicon Controlled Rectifiers - New Opportunities for Electronic Appli
cations in the Home 
Highlights of Small-Signal Circuit Design 
Converting Amplifiers to Integrated Circuit Format 
Monolithic or Hybrid? 
The Gate Controlled Switch 
Integrated Circuit Reliability 
Designing Linear Microcircuits: Problems and Solutions 
Getting Transistors into Single-Sideband Amplifiers 
Charge Storage Varactors Boost Harmonic Power 
Thin Film Hybrid Techniques 
Monostable Multivibrator 
New Masking Techniques for Micro-power Transistors 
A Marine Band Transmitter Using 2N2832 Power Transistor 
DesigningMonolithic l/C 
Whats and Whys about y Parameters 
A New Look at Coaxial Cavities for Varactor Multipliers 
Application of Micro-Electronics to IF Amplifiers 
Design, Performance, and Applications of the MV1892 RF Switching 
Diode 
Tuned Amplifier Design with Motorola's MCl 110 Integrated Circuit 
Amplifier 
System Design with MECL Integrated Circuit Logic Blocks 

You can obtain copies of the notes by writing to: 
Technical Information Center 
Motorola Semiconductor Products Inc. 
Box 955 
Phoenix, Arizona 85001 
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MOTOROLA SILICON RECTIFIER ASSEMBLIES 

Devices included in this section: 

RECTIFIER STACKS 

300 Series 

MOLDED BRIDGES 

MDA942 Series 
MDA952 Series 

MINIATURE BRIDGE ASSEMBLIES 

MDA920 Series 
MDA930 Series 

MDA962 Series 
MDA 1491 Series 

MDA940 Series 

HIGH-VOLTAGE MOLDED ASSEMBLIES 

1N1730 
1N1731 
1N1732 
1N1733 
1N1734 

1N2382 
1N2383 
1N2384 
1N2385 

4-1 

MDA 1505 Series 
MDA 1591 Series 

MDA950 Series 

MDA1330H 
MDA1331H 
MDA1332H 
MDA1333H 
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-- Silicon Rectifiers and Assemblies --

SILICON RECTIFIER ASSEMBLIES 

Silicon rectifiers are available as individual cells with a wide variety of cur
rent and voltage ratings, as described in the rectifier section of this manual. 
In addition, these devices are available in standard and custom assemblies, 
which greatly increase the range of applications that can be satisfied with single -
unit preassembled devices. 

Included in these standard assemblies are: 

High and low current rectifier circuit configurations 

and Actual Size 

Series-connected high-voltage rectifier assemblies . 

• 
Custom assemblies, including both zener diode and rectifier assemblies, 

can be obtained inexpensively in quantity by specifying the type of devices 
needed (from a large selection of individual diodes and rectifiers) and the de
sired circuit configuration. 
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-- Silicon Rectifiers and Assemblies --

SILICON RECTIFIER STACKS 

300 SERIES 

Motorola silicon rectifier stacks consist of one or more medium current sili
con rectifiers interconnected in any of six common rectifier circuits and se
curely mounted in extruded-fin, aluminum coolers to provide optimum heat-smk 
surface contact. Configurations in both vertical-fin cooler (for free convection 
cooling) and horizontal-fin coolers (for forced air cooling) are available. 

TYPICAL COOLER ORIENTATIONS 

Horizontal Fins - Forced Air Cooling 

Vertical Fins - Free Convection Cooling 
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-- Silicon Rectifiers and Assemblies --

SILICON RECTIFIER STACKS (continued) 

MOTOROLA SILICON RECTIFIER STACK CODING SYSTEM 

-

STACK SERIES NUMBER 

3-Series 300 

COOLER ORIENTATION 
V - Vertical, primarily de
signed for free convection 
cooling 
H - Horizontal, primarily 
designed for forced air 
cooling 

COOLER AXIAL LENGTH 

1- ¥4 inch 
2-1112 inch 
3 - 3 inches 

RECTIFIER CIRCUITS 

B,C,U,0,F,H,Y,W 

RECTIFIER CELL PACKAGE 

INDIVIDUAL RECTIFIER 
CELL PIY 

A-SO Volts 
B - 100 Volts 
C-200 Volts 
0-300 Volts 
E- 400 Volts 

NUMBER OF RECTIFIER 
CELLS IN SERIES IN 
EACH CIRCUIT LEG' 

I thru 8 

•All series or p1r1llel connected rtctlfltrs 
art matched units. 

NUMBER OF RECTIFIER 
CELLS IN PARALLEL IN 

EACH CIRCUIT LEG' 

A-one 
B-two 
C-three 
D-four 
£-five 

NUMBER OF COOLERS IN 
COMPLETE STACK 

1 thru 4 

4-5 

ACA 
ACY 
B- Sln&le Phase Bridie 

DC Output Current: 12.0 to 70.0 Amps{ 55°C) 
DC Output Voltage: 31 to 434 Volts 
(Resistive Load} 

C - Sin&le Phase, Center Tap, 
common Cathode 

U - Sin&le Phase, Center Tap, 
common Anode 

DC Output Current 12 to 70 Amps (55°C) 
DC Output Voltage: 15 to 382 Volts 

(Resistive Load) 

D - Sin1le Phase Doubler 

DC Output Current: 4.5 to 26.5 Amps { 55~c) 
DC Output Voltage: 50 to 12DO Volts 

(Capacitive load} 

F - Three Phase, Full Wan Briclce 

DC Output Current: 18 to 88.5 Amps (55°C) 
DC Output Voltage: 46 to 377 Volts 

(Resistive load) 

H - Sin1le Phase Half·Wave 

DC Output Current: 6.D to 35 O Amps ( 55··c) 
DC Output Voltage: 16 to 635 Volts 

<Resistive load) 

AC3 AC + 

AC 
Y - Three Phase Half·W•ve, 

common cathode 

w - T~~-.:::~s:n::!f·WIVI, 
DC Output Current: 18 to 105.0 Amps (55"C) 
DC Output Voltage: 23 to 330 Volts 

(Resi&live load) 



-- Silicon Rectifiers and Assemblies --

SILICON RECTIFIER STACKS (continued) 

B- SINGLE PHASE FULL WAVE BRIDGE 

YELLOW~ 
RED 

- + 

YELLOW 

Max. DC Max. Output VERTICAL - free.convection cooling RMS 
Input 

~s·c 12. QA 16. QA 22. QA 32. QA 48. QA Volt-
QQ0 c 5. QA 7. QA 10. QA 14. QA 19. QA age 

e 
Cap. 

Res. Cap. Line 

Load Load 
to Line 

31 5Q 3VlB1AlA2 3V2B1A1A2 3V3B1A1A2 3V2B1A1A4 3V3B1A1A4 35 
62 lQQ 3VlB1BlA2 3V2B1B1A2 3V3B1B!A2 3V2B1B1A4 3V3B1B1A4 7Q 

124 2QQ 3V1B1C1A2 3V2B1C1A2 3V3BlC1A2 3V2B1C1A4 3V3B1C1A4 14Q 
185 3QQ 3VlB1DlA2 3V2B1D1A2 3B3BlD1A2 3V2B1D1A4 3V3B101A4 212 
25Q 4QQ 3VlB1ElA2 3V2B1E1A2 3V3B1E!A2 3V2B1E!A4 3V3B1E1A4 282 
333 525 3V1B1D2A4 3V2B1D2A4 3V3B1D2A4 37Q 
434 7QQ 3V1B!E2A4 3V2B!E2A4 3V3B1E2A4 494 

HORIZONTAL- forced air cooling (!QQQ LFM) 

~,., 37. QA _i4. QA 59. QA 68. QA 7Q. QA 
Cap. QQ"c 15. QA 19. QA 26.QA 34. QA 39.QA Line 

to Line 

31 5Q 3HlB1AlA2 3H2B1A1A2 3H3B1A1A2 3H2B1A1A4 3H3B1A1A4 35 
62 lOQ 3H!B1B1A2 3H2B1B1A2 3H3B1B1A2 3H2B1B1A4 3H3B1BlA4 7Q 

125 2QQ 3HlB1ClA2 3H2B1C1A2 3H3B1C1A2 3H2BlC1A4 3H3B1C1A4 14Q 
185 3QQ 3HlB1DlA2 3H2B1D1A2 3H3B1D1A2 3H2B1D1A4 3H3B1DIA4 212 
25Q 40Q 3HlB1ElA2 3H2B1E1A2 3H3B1E1A2 3H2B1E1A4 3H3B1E1A4 282 
333 525 3H2B1D2A4 3H3B1D2A4 37Q 
434 7QO 3H2B1E2A4 3H3B1E2A4 494 

RED 
~-----------------<>+ 

YELLOW 

F-THREE PHASE FULL WAVE BRIDGE 

Max. DC 
Output VERTICAL - free convection cooling 

YELLOW 

~5°C 18 QA 24. QA 33. OA 
l_~o·c ..--7~: =5A..__.,__~10=.~5=A~-+-~1.-.5~. o=A---+------+------< 

Max. 
RMS 
Input 
Volt
age 
Cap. 

Res. Cap. 
Load Load 

46 
93 

188 
283 
377 

3VlF1AlA3 
3V1F1BIA3 
3VlF1ClA3 
3VlF1DlA3 
3VlF1ElA3 

3V2F1A1A3 
3V2FlB1A3 
3V2F1C1A3 
3V2FlD1A3 
3V2F1E1A3 

3V3F1A1A3 
3V3FlB1A3 
3V3F1C1A3 
3V3F1D1A3 
3V3F1E1A3 

4-6 

Line 
to Line 

Delta 
Sec. 

35 
70 

140 
210 
280 



-- Silicon Rectifiers and Assemblies --

SILICON RECTIFIER STACKS (continued) 

THREE PHASE, FULL WAVE BRIDGE (continued) 

HORIZONTAL - forced air cooling (1000 LFM) 

~ 
Cap. 

55. OA 66.0A 88. 5A Line 

o·c 22. 5A 28. 5A 39. OA to Line 
55•c 

Delta 
e Sec. 

46 3HlF1A1A3 3H2F1A1A3 3H3F1A1A3 35 
93 3HlF1B1A3 3H2F1B1A3 3H3F1B1A3 70 

188 3H1F1C1A3 3H2F1C1A3 3H3F1C1A3 140 
283 3H1F1D1A3 3H2F1D1A3 3H3F1D1A3 210 
377 3H1F1E1A3 3H2F1E1A3 3H3FlE1A3 280 

SINGLE PHASE, CENTER TAP RECTIFIER 

C - SINGLE PHASE CENTER TAP, COMMON CATHODE 
l,t- SINGLE PHASE CENTER TAP, COMMON ANODE 

YELLOW~ RED 

YELLOW + 

Max. DC Max. 
Output VERTICAL - free convection cooling RMS 

Input 

~,., 12. OA 16. OA 22. OA 32. OA 48. OA Volt-

oo•c 5. OA 7. OA 10. OA 14. OA 19. OA age 
Cap. or 

e Res. 

Line to 
Res. Cap. Center 
Load Load Tap 

15 25 3V1C1A1Al 3V2C1A1A1 3V3C1A1A1 3V2C1A1A2 3V3C1A1A2 17. 5 
30 50 3V1ClB1A1 3V2C1B1A1 3V2ClB1Al 3V2C1B1A2 3V3C1B1A2 35 
62 100 3V1C1C1Al 3V2C1C1A1 3V3C1C1A1 3V2C1C1A2 3V3C1ClA2 70 
92 150 3V1C1D1Al 3V2C1DlA1 3V3C1D1A1 3V2C1DlA2 3V3C1D1A2 105 

125 200 3V1C1E1A1 3V2C1E1A1 3B3C1E1A1 3V2C1ElA2 3V3C1ElA2 140 
167 262 3V1C1D2A2 3V2C1D2A2 3V3C1D2A2 3V2C1D2A4 3V3C1D2A4 183 
222 350 3V1ClE2A2 3V2C1E2A2 3V3ClE2A2 3V2C1E2A4 3V3C1E2A4 245 
286 450 3V1C1D4A4 3V2C1D4A4 3V3C1D4A4 315 
382 600 3V1C1E4A4 3V2C1E4A4 3V3C1E4A4 420 

HORIZONTAL- forced air cooling (1000 LFM) 

Cap. 

~,., 37.0A 44. OA 59. OA 68.0A 70. OA or Res. 

oo•c 15.0A 19.0A 26. OA 34.0A 39. OA Line to 
Center 

e Tap 

15 25 3H1C1A1Al 3H2C1A1A1 3H3C1A1Al 3H2C1A1A2 3H3ClA1A2 17. 5 
30 20 3HlC1B1Al 3H2C1B1A1 3H3C1B1Al 3H2C1BlA2 3H3C1B1A2 35 
62 100 3H1C1C1A1 3H2C1C1A1 3H3C1C1Al 3H2ClC1A2 3H3C1ClA2 70 
92 150 3H1C1D1Al 3H2C1D1Al 3H3C1D1Al 3H2C1DlA2 3H3C1DlA2 105 

125 200 3HlC1ElAl 3H2ClE1Al 3H3ClE1Al 3H2ClElA2 3H3ClElA2 140 
167 262 3HlClD2A2 3H2ClD2A2 3H3C1D2A2 3H2CID2A4 3H3C1D2A4 183 
222 350 3HlClE2A2 3H2ClE2A2 3H3ClE2A2 3H2ClE2A4 3H3C1E2A4 245 
286 450 3H2C1D4A4 3H3C1D4A4 315 
382 600 3H2C1E4A4 3H3ClE4A4 420 

4-7 
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-- Silicon Rectifiers and Assemblies ---

SILICON RECTIFIER STACKS (continued) 

D-SINGLE PHASE DOUBLER YELLOW O 

Max. DC Max. 
Output VERTICAL- free convection cooling RMS 

Input 

~5°C 4. 5A 6. OA B. OA 12. OA lB. OA Volt-
OO'C 1. BA 2. 6A 3. 7A 5. OA 7. OA age 

e 
Cap. Line 

to Line 

50 3V1D1A1Al 3V2D1A1Al 3V3DlA1Al 3V2D1AlA2 3V3D1A1A2 17. 5 
100 3V1D1B1Al 3V2DIB1Al 3V3DlB1A1 3V2DIB1A2 3V3DIB1A2 35 
200 3V1D1C1Al 3V2D1C1Al 3V3DlC1Al 3V2D1ClA2 3V3DlClA2 70 
300 3VlDlD1Al 3V2DlD1Al 3V3DlD1Al 3V2DlD1A2 3V3D1DlA2 105 
400 3V1D1E1Al 3V2DlE1Al 3V3DlE1Al 3V2D1E1A2 3V3D1E1A2 140 
500 3V1D1D2A2 3V2DID2A2 3V3DID2A2 3V2D1D2A4 3V3D1D2A4 175 
700 3VID1E2A2 3V2DIE2A2 3V3DlE2A2 3V2D1E2A4 3V3DIE2A4 250 
900 3VIDID4A4 3V2DID4A4 3V3DID4A4 310 

1200 3VID1E4A4 3V2DIE4A4 3V3DlE4A4 420 

HORIZONTAL - forced air cooling (1000 LFM) 

~;'C 13. BA 16. 5A 22. OA 25. 5A 26. 5A 
Cap. O'C 5, 5A 7, OA 9. 5A 12. 5A 14. 5A Li'ne 

e to Line 

50 3H1D1A1Al 3H2DlA1Al 3H3DlA1Al 3H2DlAlA2 3H3DlAlA2 17. 5 
100 3HID1B1Al 3H2D1B1Al 3H3D1B1Al 3H2D1BlA2 3H3D1BlA2 35 
200 3H1D1C1Al 3H2D1C1Al 3H3D1C1Al 3H2DlClA2 3H3DlClA2 70 
300 3HIDID1Al 3H2DID1Al 3H3DID1A1 3H2DID1A2 3H3DID1A2 105 
400 3H1DIE!Al 3H2DIE1Al 3H3D1E1Al 3H2DIE1A2 3H3DlElA2 140 
500 3H1D1D2A2 3H2D1D2A2 3H3DID2A2 3H2DID2A4 3H3DID2A4 175 
700 3H1DlE2A2 3H2D1E2A2 3H3D1E2A2 3H2D1E2A4 3H3DIE2A4 250 
900 3H2DID4A4 3H3DID4A4 310 

1200 3H2DIE4A4 3H3DIE4A4 420 

H - SINGLE PHASE HALF-WAVE RECTIFIER 
RED 

-o~~-i•Ml~~-o+ 

Max. DC Max. RMS 
Output VERTICAL - free convection cooling Input 

Voltage 

~.,,., 6. OA B. OA 11. OA 16. OA 24. OA 
+lOO'C 2. 5A 3. 5A 5. o~ 7. OA 9. 5A 

e 

Res. Cap. 
Load Load Cap. Res. 

16 25 3VlH1A1Al 3V2HIA1Al 3V3HIA1Al 17. 5 35 
31 50 3VIH!B!Al 3V2HIB!Al 3V3H1B!Al 35 70 
63 100 3VlHIC1Al ;~~~igi~i ··I 3V3HIC1Al 70 140 
93 150 3VIHID1Al 3V3H1D1Al 105 210 

125 200 3VIH1E1Al 3V2HlE1Al 3V3HIE1Al 140 2BO 
167 262 3VIH1D2Al 3V2HID2Al 3V3HID2Al 1B3 366 
222 350 3VlHIE2Al 3V2H1E2Al 3V3HIE2Al 3V2HlD3A3 3V3H1D3A3 245 490 
2B6 450 3VIHID4A2 3V2HID4A2 3V3HID4A2 315 630 
31B 500 3V2HlE3A3 3V3HIE3A3 350 700 
382 600 3VIHIE4A2 3V2H1E4A2 3V3HIE4A2 3V2HIE4A4 ~V3H1E4A4 420 B40 
475 750 3VIHIE6A3 3V2H1E6A3 3V3H1E6A3 525 1050 
635 1000 3V1HIEBA4 3V2HIEBA4 3V3HlEBA4 700 1400 
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-- Silicon Rectifiers and Assemblies --

SILICON RECTIFIER STACKS (continued) 

SINGLE PHASE, HALF-WAVE RECTIFIER (continued) 

HORIZONTAL - forced air cooling (I 000 LFM) 

~+55°cL8.5A 22. OA 29. 5A 34. OA 35.0A 
+lOO"Cl 7. 5A 9, 5A 13. OA 17. OA 19. 5A Cap. Res. 

16 25 3HIHIAIAI 3H2HIAIAI 3H3HIA!Al 17. 5 35 
31 50 3HIHIBIAI 3H2HIBIAI 3H3HIBIAI 35 70 
63 JOO 3HIHIC!Al 3H2HICIAI 3H3HICIA! 70 140 
93 150 3HIHID!Al 3H2H!DIAI 3H3H!DIAI 105 210 

125 200 3H!HIEIAI 3H2HIEIAI 3H3HIEIAI 140 280 
167 262 3HIHID2Al 3H2H!D2Al 3H3H!D2Al 183 366 
222 350 3HIHIE2Al 3H2HIE2Al 3H3HIE2Al 3H2HID3A3 3H3HID3A3 245 490 
286 450 3HIH!D4A2 3H2H!D4A2 3H3HID4A2 315 630 
318 500 3H2HIE3A3 3H3HIE3A3 350 700 
382 600 3HIHIE4A2 3H2HIE4A2 3H3HIE4A2 3H2HIE4A4 3H3HIE4A4 420 840 
475 750 3HIHIE6A3 3H2HIE6A3 3H3HIE6A3 525 1050 
635 1000 3H2HIE8A4 3H3HIE8A4 700 1400 

THREE PHASE HALF-WAVE RECTIFIER 

Y - THREE PHASE HALF-WAVE, COMMON CATHODE 
W -THREE PHASE HALF-WAVE, COMMON ANODE 

YELLOW O :: 

YELLOW 0--•>t--..... t---<R~':_ 
YELLOW O>---•IJl.,.1-~ 

Max. DC 
Output VERTICAL - free convection cooling Max, RMS 

~ +wc118. oA 24. OA 33. OA 48. OA 72. OA Input 

+!00°Cl 7. 5A 10. 5A 15. OA 21. OA 28. 5A 
Voltage 

Cap. 

Res. Cap. Line to 
Load Load Neutral 

23 3VIY1AIA3 3V2YlA1A3 3V3YIA1A3 20 
46 3VlY1BIA3 3V2Y1B1A3 3V3YIB1A3 40 
94 3VIY1C1A3 3V2Y1CIA3 3V3YICIA3 80 

142 3V1YIDIA3 3V2YIDIA3 3V3YlD1A3 120 
188 3VIYIE1A3 3V2YIE1A3 3V3Y1E1A3 160 
248 3V1Y!D2A3 3V2YlD2A3 3V3YlD2A3 210 
330 3V1YIE2A3 3V2YIE2A3 3V3Y1E2A3 280 

HORIZONTAL- forced air cooling (1000 LEM) 
..ti_ 

~ +55°C155. 5A 
Cap. 

66. OA 88. 5A 102. OA 105. OA Line to 
+100"Cj22. 5A 28. 5A 39. OA 51. OA 58. 5A Neutral 

23 3HIYIA!A3 3H2Y1A1A3 3H3YIAIA3 20 
46 3HIYIB1A3 3H2Y!B1A3 3H3YIBIA3 40 
94 3HIYICIA3 3H2Y1CIA3 3H3Y1C1A3 80 

142 3HIY!D1A3 3H2YID1A3 3H3Y!D1A3 120 
188 3HIYIE!A3 3H2Y1EIA3 3H3Y1E1A3 160 
248 3H1Y!D2A3 3H2YlD2A3 3H3Y1D2A3 210 
330 3HIY1E2A3 3H2Y1E2A3 3H3YIE2A3 280 
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-- Silicon Rectifiers and Assemblies --

MINIATURE DIODE ASSEMBLIES 

MDA 920 SERIES 

MDA930 SERIES 

MDA 940 SERIES 

MDA 950 SERIES 

Miniature Integral Diodes Assemblies ( MIDA) are low-current rectifier cir
cuit configurations designed with a high output-current/size ratio for applica
tions where space is at a premium. 

ELECTRICAL CHARACTERISTICS (All Types) 
(At 25°C ambient temperature unless otherwise indicated) 

C horocleristics Symbol 

Maximum Forward Voltage Drop VF 
(Per Cell,) 
(500 mAdc) 

Peak Recurrent Forward Current IF 
(Full Wave, 60 cps) 

Peak One Cycle Surge Current 1surge 
(Full Wave, 60 cps) 

Maximum Reverse Current @ IR * 
Rated DC Voltage * 25°c 

100°c 

Ope rating and Storage 
TA 

and Temperature Range 
Tstg 

Typical Thermal Resistance QJA 

*2 cells in parallel - MDA920 series 
1 cell - MDA930, MDA940, and MDA950 series 

4-10 

.090 

8A~ 
.090 MAX L....lr---1I 

t:LARITY . __j 
DOTS I 

.265 SQ. 
MAX 

.015 MAX -J I- l 
f~.110MAX 

OUTLINE 2 

POLARITY DOTS: R; RED-POS. OUT 

Roting 

1.2 

5.0 

32 .. , 

60 
600 

-50 to +175 

60 

W: WHITE-NEG. OUT 
Y; YELLOW-AC IN 

Unit 

Volts 

Amps 

Amps 

µA 

oC 

0 c w 



-- Silicon Rectifiers and Assemblies --

MINIATURE DIODE ASSEMBLIES (continued) 

Circuit Diagram and 
Terminal Identification 

SINGLE PHASE 
FULL WAVE BRIDGE 

Peak Reverse Max. RMS 
Max. DC Output Voltage 

Motorola Voltage per Cell I mput Voltage 
Type No. 

MDA920-1 
MDA920-2 
MDA920-3 
MDA920-4 
MDA920-5 
MDA920-6 
MDA920-7 

MDA930-l 
MDA930-2 
MDA930-3 
MDA930-4 
MDA930-5 
MDA930-6 
MDA930-7 

COMMON 
CATHODE 

MDA940-1 
MDA940-2 
MDA940-3 
MDA940-4 
MDA940-5 
MDA940-6 
MDA940-7 

COMMON 
ANODE 

MDA950-1 
MDA950-2 
MDA950-3 
MDA950-4 
MDA950-5 
MDA950-6 
MDA950-7 

Volts 

25 
50 

100 
200 
300 
400 
600 

25 
50 

100 
200 
300 
400 
600 

Cap. Load 
Volts 

18 
35 
70 

140 
210 
280 
420 

SINGLE PHASE 
VOLTAGE DOUBLER 

Res. 
Load 
Volts 

15 
30 
62 

124 
185 
250 
380 

+ 
RED 

YELLOW 
ACC>-----

25 
50 

100 
200 
300 
400 
600 

WHITE 

9 8 
18 15 
35 30 
70 62 

105 92 
140 125 
210 190 

SINGLE PHASE CENTER TAP 
COMMON ANODE 

WHITE 

---1 .... --oAC 
YELLOW 

YELLOW 
'----iM---0 AC 

9 
18 
35 
70 

105 
140 
210 

4-11 

Cap. 
Load 
Volts 

25 
50 

100 
200 
300 
400 
600 

13 
25 
50 

100 
150 
200 
300 

---
---
---
---
---
---
---

Max. DC 
Output Current 

At 75'C 

Amps 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

25 0.5 
50 0.5 

100 0.5 
200 0.5 
300 0.5 
400 0.5 
600 0.5 



i=-•r• n i!I! _ r .1. r •• -- .,;,;c;on nec:rmers ana Assemoues --

MINIATURE DIODE ASSEMBLIES (continued) 

MAXIMUM ALLOWABLE SURGE CURRENT 
(ALL TYPES) 

o._ __ ..__..._ ......................... __ ...__..._ ..................... 
1 2 4 6 8 10 20 40 60 80 100 

CYCLES AT 60 CPS 

MAXIMUM ALLOWABLE DC OUTPUT CURRENT 
(ALL TYPES) 

1.0 ------.--~---.---r----r--.----. 

0.8 t---+--!---+--_i-,++--+---+--+----1 
s ~ MMm 
ffi ~ MDA940 
~ ~ MDA950 i 0.6 t---+--+----+---+--\~-+--~---+------l 

0:: 

~ 0.4 t----t----t----+-~--"r+---t-~~----11------1 
I MDA930 ~ i 

' ' 0.2 t---+--+----1f----+--+-'~~~-+~~~--+------l 

0 --....._........___.__...__.....___,__~......____, 
0 25 50 )5 100 125 150 175 200 

TA> AMBIENT TEMPERATURE (°C) 
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-- Silicon Rectifiers and Assemblies --

RECTIFIER BRIDGES IN MOLDED ASSEMBLIES 

Single Phase Full Wave Bridge 

MDA942 SERIES (1.5 AMPS DC) 

MDA952 SERIES (6 AMPS DC) 

MDA962 SERIES (10 AMPS DC) 

MDA 1491 SERIES (1.5 AMPS DC) 

MDA 1591 SERIES (4 AMPS DC) 

MDA942 

Three Phase Ful.1 Wave Bridge 

MDA 1 50 5 SERIES (8 AMPS DC) 

MDA952 

MDA1491 
MDA1591 

MDA962 

MDA1505 

Hermetically sealed individual rectifier cells interconnected as single-phase 
and three-phase bridge rectifiers and encapsulated in molded plastic cases. 

ABSOLUTE MAXIMUM RATINGS (at 25°c ambient unless otherwise noted) 

DC OUTPUT PEAK FULL 
VOLTAGE DC OUTPUT PEAK FULL WAVE WAVE RE-

PEAK REVERSE SINE WAVE CURRENT ONE CYCLE CURRENT FOR-
VOLTAGE PER CELL RMS INPUT Res. Cap. @55°C SURGE CURRENT WARD CURRENT 

MOTOROLA (DC or RECURRENT) VOLTAGE Load Load AMBIENT (60 cps) (60 cps) 
TYPE NO. VOLTS VOLTS Volts Volts AMPS AMPS AMPS 

MDA 942-1 50 35 30 50 I. 50 25 6. 0 
-2 100 70 62 100 I. 50 25 6. 0 
-3 200 140 124 200 I. 50 25 6. 0 
-4 300 210 185 300 1. 50 25 6. 0 
-5 400 280 250 400 1. 50 25 6. 0 
-6 600 420 380 600 1. 50 25 6. 0 

MDA 952-1 50 35 30 50 6. 00 150 35 
-2 100 70 62 100 6. 00 150 35 
-3 200 140 124 200 6. 00 150 35 
-4 300 210 185 300 6. 00 150 35 
-5 400 280 250 400 6. 00 150 35 
-6 600 420 380 600 6. 00 150 35 

MDA 962-1 50 35 30 50 10. 0 250 60 
-2 100 70 62 100 10. 0 250 60 
-3 200 140 124 200 10. 0 250 60 
-4 300 210 185 300 10. 0 250 60 
-5 400 280 250 400 10. 0 250 60 

MDA1491-l 50 35 30 50 I. 50 25 6. 0 
-2 100 70 62 100 I. 50 25 6. 0 
-3 200 140 124 200 I. 50 25 6. 0 
-4 300 210 185 300 I. 50 25 6. 0 
-5 400 280 250 400 I. 50 25 6. 0 
-6 600 420 380 600 I. 50 25 6 •. 0 

MDA!591-l 50 35 30 50 4. 0 100 25 
-2 100 70 62 100 4. 0 100 25 
-3 200 140 124 200 4. 0 100 25 
-4 300 210 185 300 4. 0 100 25 
-5 400 280 250 400 4. 0 100 25 
-6 600 420 300 600 4. 0 100 25 

MDA1505-l 50 35 30 50 8. 00 200 45 
-2 100 70 62 100 8. 00 200 45 
-3 200 140 124 200 8. 00 200 45 
-4 300 210 185 300 8. 00 200 45 
-5 400 280 250 400 8. 00 200 45 
-6 600 420 300 600 8. 00 200 45 

-' 

Maximum Operating and Storage Temperature: -65°C to+ 150°C (All Types) 
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-- Silicon Rectifiers and Assemblies --

RECTIFIER BRIDGES (continued) 

ELECTRICAL CHARACTERISTICS (at 25° ambient) 

Type Characteristic 

Max. Fwd. Voltage Drop 

MDA 942 
Per Cell(IF = 0. 75 Ade) 

l. 5 Amp Series Max. Reverse Current Per 
Cell(VR =Rated PRV) 

Max. Fwd. Voltage Drop 

MDA 952 
Per Cell (IF = 3. 0 Ade) 

6. 0 Amp Series Max. Reverse Current Per 
Cell (V R = Rated PRV) 

Max. Fwd. Voltage Drop 

MDA 962 
Per Cell (IF = 5. 0 Ade) 

10. 0 Amp Series Max. Reverse Current Per 
Cell (V R = Rated PRV) 

Max. Fwd. Voltage Drop 

MDA 1491 
Per Cell (IF = 0. 75 Ade) 

l. 5 Amp Series Max. Reverse Current Per 
Cell (VR =Rated PRV) 

Max. Fwd. Voltage Drop 

MDA 1505 
Per Cell (IF = 4. 0 Ade) 

4. 0 Amp Series Max. Reverse Current Per 
Cell (V R = Rated PRV) 

Max, Fwd. Voltage Drop 

MDA 1591 
Per Cell (IF = 2. 0 Ade) 

8. 0 Amp Series· Max. Reverse Current Per 
Cell (V R = Rated PRV) 

MAXIMUM ALLOWABLE FULL WAVE SURGE CURRENT 
AT RATED LOAD CONDITIONS 

Symbol 

VF 

IR 

VF 

IR 

VF 

IR 

VF 

IR 

VF 

~ 

VF 

IR 

Rating Unit 

1. l Vde 

. 01 mAde 

l. 0 Vde 

1. 0 mAde 

1. 0 Vde 

1. 0 mAde 

1. 1 Vde 

. 01 mAdc 

I. 0 Vde 

I. 0 mAde 

l. 0 Vde 

1. 0 mAde 

MAXIMUM ALLOWABLE D·C OUTPUT 
(RESISTIVE OR INDUCTIVE LOAD) 

I I 
100 ..--..... -...,.,..-----,,---,------.---,---, 

55•c~ 
ALL TYPES 
TA= 25°C 

o.__....___.....1 ....... ..u.u.1.--..1......J....J....1....u.1..1..1 
I 6 8 10 20 40 60 80 100 

CYCLES AT 60 CPS 
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\ ALL TYPES 
80 t---+---+---------'l[~:s:-t---+----+---< 

60t--~-+-~-+-~+-_.,,+----+-~-+-~~ 

40 1---+-----+----'--+---+-i. ___ ~+---+--~ 

20 l---+-----+----'--+---+----+T-~-+----1 
\ o..__..._ _ _._ _ _. __ ..__...._ _ _. _ _... 

0 25 50 75 100 125 150 175 

T,,AMBIENT TEMPERATURE (°C) 



-- Silicon Rectifiers and Assemblies --

RECTIFIER BRIDGES (continued) 

MDA942 

MDA952 

__l m o.565 
W MAX 

0.285 I 1- 1 
MAX -

0.140 DIA 
C.B. 0.250 x 0.125 
2 PLACES 

1.45 
MAX 

I 
1.29 
MAX 

j 

0140DIA y~-- ~~~ 
C B 0 250 x 0 125 l 
2 PLACES CV' 

•Y 

~'/.. -0, I MDA962 ~ 

MDA1491 

MDA 1591 

0.140DJA 
C.B. 0.250 x 0.125 
2 PLACES 

MDA 1505 
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MAX 
0.406 

rl.251 

o.8T!1-3 - _+! ==-==t}_:_:_: Lo.625 

~ 
0.140 MIN DIA 

4 PLACES . 

0 557 
I
- 1 50 -----j 

MAX I 

lrt, 
0.140 MIN DIA 

4 PLACES 

0.140 MIN DIA 
5 PLACES 

r- 0.843--1 
I IREFI I 

(]
-1 

[ 1.265 
MAX 

_J Ll.264 I 
IREFl--1 

I_ 0.843--1 
IREFI I 

[(]Jss 
MAX 

_J 
Ll.264~ 

IREFI 



-- Silicon Rectifiers and Assemblies --

HIGH VOLTAGE SILICON RECTIFIERS MOLDED ASSEMBLIES 

10 - to 2.5 AMPS MDA1330H 
MDA1331ff 
MDA1332H 
MDA1333H 

VRM(rep) = 5000 and 10,000 VOLTS 

Compensated series-connected rectifier cells for high-voltage single-phase, 
half-wave circuit applications. Each cell in the series string is shunted by a 
high-voltage capacitor and resistor for equal voltage distribution. 

MAXIMUM RATINGS 

Rating Symbol MDA1330H MDA1331H MDAl332H 

Peak Repetitive Reverse Voltage CD 
VRM(rep) 5, 000 10, 000 5,000 (Rated Current, Over Operating Temperature Range) 

RMS Reverse Voltage ® 
(Rated Current Over the Complete Operating v r 3, 500 7, 000 3, 500 
Temperature Range) 

DC Blocking Voltage 
VR 3, 000 6, 000 3, 000 (Over Operating Temperature Range) 

Average Half Wave Rectified Forward Current 
(Resistive Load, 180° Conduction Angle, 
60cps, Free Convection Ct>oling) TA= 40°C Io 1. 0 1. 0 2. 5 

TA=l00°C 0. 3 0. 3 0. 5 

Peak 1 Cycle Surge Current 
1FM(surge) (TA = 40°C, Superimposed on Rated 25 25 250 

Current at Rated Voltage) 
Operating Frequency Range DC to 400 

Operating and storage Temperature Range -55 to +llO 

© VRM(rep) ratings of 5,000 or 10,000 volts peak are both the maximum repetitive 
and non-repetitive ratings. 'Where voltage transient suppresion is employed, 
these assemblies can be reliably operated at the maximum ratings. 

@ The DC Blocking Voltage rating (VR), is established by the continuous power 
dissipation ratings Of the shunting resistors and is not a function of the series 
rectifiers. 

ELECTRICAL CHARACTERISTICS 

Rating Symbol MDA1330H MDA1331H MDA1332H 

Maximum Full-Cycle Average Forward Voltage Drop 
(Half-Wave, Resistive load, Rated Current and VF(AV) 5. 0 10. 0 5. 0 
Voltage, TA =40°C) 

Maximum Full-Cycle Average Reverse Current 
(Half-Wave, Resistive load, Rated Current and 1R(AV) 0.2 0.2 3. 0 
Voltage, TA=40°C) 

Note: Ambient temperatures are measured at the cold air source point i.e. imme
diately below' the rectifier legs under convection cooling and on the cool air 
side with forced air cooling. 
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MDA1333H Units 

10, 000 Volts 

7, 000 Volts 

6, 000 Volts 

2. 5 Amps 

0. 5 

250 Amps 

cps 

oc 

MDA1333H Units 

10. 0 Volts 

3.0 mA 



-- Silicon Rectifiers and Assemblies --

HIGH VOLTAGE SILICON RECTIFIERS (continued) 

ELECTRICAL DESIGN NOTES 

1. For single-phase full-wave circuits using "Series 1300" stacks, multiply 
the current ratings given for the half-wave by two. 
2. For three-phase full-wave and half-wave circuits, multiply given current 
ratings for single-phase half-wave by two and one half. 
3. For capacitive loads, sufficient surge and capacitor inrush current pro
tection must be employed. Recurrent peak currents up to six times the single
phase average output current ratings can be sa.fely sustained when the average 
value of these peaks are held at or below the rated average output. Non
repetitive peak currents must be held to the maximum surge ratings. 

4.0 

3.0 

2.0 

1.0 

0 
0 

MDAl330H 

f v 
j_ 

TYPICAL FORWARD CHARACTERISTICS 
(TJ = 25'C) 

8.0 

7.0 

6.0 

5.0 

MDA1331H 

4.0 

J 
3.0 

2.0 

LO 

L 0 
10 12 14 16 18 0 

MDA1332H MOA1333H 

IL IL 
10 12 14 1fj 18 

Vf. INSTANTANEOUS FORWARD VOLTAGE (VOLTS) VF, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 
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-- Silicon Rectifiers and Assemblies --

HIGH VOLT AGE SILICON RECTIFIERS (continued) 

30 

~ 

MAXIMUM SURGE CURRENT 
RATED CONDITIONS 

MDA1330H and MDA1331H MDA!332H and MDA1333H 
300~~~~~~~~~~~~ 

T\. TA =40°C 

~ 

" ~ "'l 
"'i.... 

l"'\-.. 

4 6 8 10 zo 40 60 80100 4 ti 8 10 20 40 60 80100 

CYCLES AT SD CPS CYCLES AT 60 CPS 

MAXIMUM AVERAGE HALF·WAVE RECTIFIED CURRENT 
(RESISTIVE OR INDUCTIVE LOAD, 180' CONDUCTION ANGLE, 60 CPS) 

1.0 

i 
I - 0.5 

I 
.§ 

0 
0 

MDA!330H and MDA1331H 

""' fS!oo~ r\loool\M CONVENTION 
COOLING 

~ \ ~ 
~ \ 
N N 
~ 
I\ 

I\ 

20 40 60 80 100 

T,,,. AMBIENT TEMPERATURE (°C) 

MDA!332H and MDAl333H 

H CON~~~~lON f" f;J~ 
COOLING ~ 

120 40 60 80 100 120 

T "' AMBIENT TEMPERA:WRE !0 Cl 
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-- Silicon Rectifiers and Assemblies --

MECHANICAL DESIGN INFORMATION AND OUTLINE DI
MENSIONS FOR THE BASIC MDA1330H AND MDA1331H 
RECTIFIER LEGS. 

Device A Dim B Dim CDim DDlm 

MDA1330H 4.25max 3. 70±0. 05 3. 25max 3.00nom 

MDA1331H 7. 00max 6. 39±0.05 6.00max 5. 25nom 

NOTES: These basic rectifier legs are suitable for chassis 
mounting and connection into multiple leg circuits. Center 
tapped versions of the MDA1330H and MDA1331H are 
also available for use in lower voltage, Center tapped and 
Voltage Doubler applications. The center tapped versions 
of the MDA!330H and MDA1331H are designated by a 
different suffix letter as follows: instead of "H" specify 
"C" for common cathode, center tap 
"U" for common anode, center tap 
.. D" for voltage doubler. 

lq, TOP VIEW 

14) ~:~~HOLES -j 

T 
3 NOM 

_1_ AC t--..,.._<----------++-+---4 

1-7/BNOM 

AC 

!.--6-5/8±1/16_.J 

>+-------13MAX-------

1.p AND 3.p SIDE VIEW 
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MECHANICAL DESIGN INtORMATION ANO OUTLINE DI 
MENSIONS FOR THE BASIC MOA1332H Miry MOA13331l 
RECTIFIER LEGS. 

I T l I 
Device A Dim BDim CDlm 

MDA1332H 5-5/8 nom 3-5/16±1/16 1-1/8 nom 

MDA1333H 11-1/4 nom 6-5/8±1/16 2-3/8 nom 

NOTE 1. Insulated mounting bars are supplied with all 
Motorola Series 1300 stacks and the single unit bar is 
shown aboVe. For multiple leg circuits. mounting bars are 
available in lengths suitable for 2 or 3 legs mounted side 
by side. In addition, the mounting arrangement used is also 
suitable for mounting legs top and bottom on the same bar 
with stand-offs employed for support of the assembly. 
NOTE 2. Offset mounting taps are used to provide more 
compact multiple leg assemblies. When top & bottQm or 
side by side mounting is employed, reverse polarity legs 
are often required in some circuits. Legs of reverse polarity 
to that shown above are designated by an .. R .. suffix, i.e . 
MDA1332HR. 

3.p BR TOP VIEW 
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-- Silicon Rectifiers and Assemblies --

HIGH VOLTAGE SILICON RECTIFIERS MOLDED ASSEMBLIES 

1N1730 thru 1N1734 
1N2382 thru 1N2385 

10 - to 0.2 AMPS 
Vp - to 10,000 VOLTS 

Standard single -phase, half-wave, high-voltage 
silicon rectifier assemblies 

ELECTRICAL SPECIFICATIONS (covering all devices in the table below) 

Max. DC Reverse Current 
@ Late Peak Reverse Voltage 25°C lOµA 

100°C lOOµA 

Max. Surge Current 2. 5A 
(8 nsec) 

Operating Temperature -55°C to +150°C 

Avg. Rectified Max.DC 
Fwd. Fwd. Case Lead 

VRM 
Current -mA Max.RMS Voltage Dimensions Dimensions 

Rectifier Input @ lOOmA 
Types (rep) @25°C @100°C Voltage de @ 25°C L Dia. L Dia. 

1N1730 1000 200 100 700 5 . 5 . 375 1. 250 . 030 
lNl 731 1500 200 100 1050 5 . 5 . 375 1. 250 . 030 
lNl 732 2000 200 100 1400 9 1. 0 . 375 1. 250 . 030 
lNl 733 3000 150 75 2100 12 1. 0 . 375 1. 250 . 030 
1N1734 5000 100 50 3500 18 1. 0 . 5 1. 250 .030 
1N2382 4000 150 75 2800 18 1. 5 . 5 1. 250 .030 
1N2383 6000 100 50 4200 27 l. 5 . 5 1. 250 .030 
1N2384 8000 70 35 5600 27 1. 5 . 5 1. 250 . 030 
1N2385 10000 70 35 7000 39 2. 0 . 5 1. 250 .030 

In addition to these standard assemblies, a wide variety of custom assemblies 
is available. For more information, request the brochure "Motorola Molded 
Diode Assemblies." 
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MOTOROLA 
SILICON CONTROLLED RECTIFIERS 

AND 
GATE CONTROLLED SWITCHES 
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I 
• For case outline dimensions, see page 1-26. 
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SILICON CONTROLLED RECTIFIERS & GATE CONTROLLED SWITCHES 

The Motorola line of silicon controlled rectifiers is available with current 
ratings from 1. 6 to 25 amps RMS and 1000 amps pulse. The gate controlled 
switch line is rated at 5 amps. 

DEVICES IN THIS SECTION 

Motorola Gate 
Controlled 

Motorola Silicon Controlled Rectifiers Switches 

2Nli81 2N1843 2N2573 MCR1305R Series MGS821 Series 
2N682 2N1843A 2N2574 MCR1308 Series MGS924 Series 
2N683 2N1844 2N2575 MCR1308R Series MGS925 Series 
2N684 2N1844A 2N2576 MCR1604 Series 
2N685 2Nl845 2N2577 MCR1604R Series 

2N686 2N1845A 2N2578 MCR!605 Series 
2N687 2N1846 2N2579 MCR1605R Series 
2N688 2N1846A MCR649 Series MCR1718 Series 
2N689 2N1847 MCR729 Series MCR 1907 Series 
2N1595 2N1847A MCR808 Series MCR2304 Series 

MCR2304R Series 

2Nl596 2N1848 MCR808R Series MCR2305 Series 

2N1597 2N1848A MCR846 Series MCR2305R Series 

2Nl598 2NI849 MCR914 Series MCR2604 Series 

2N1599 2N1849A MCR1304 Series MCR2604R Series 

2N1842 2N1850 MCR1304R Series MCR2605 Series 
2N1842A 2N1850A MCR1305 Series MCR2605R Series 

SILICON GA TE CONTROLLED SWITCHES 

The gate controlled switch is a PNPN semiconductor device that can be used 
as a bistable latching switch under complete control of the gate signal. The 
gate controlled switch is turned on by a positive gate signal and turned off with 
a negative gate signal. 
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I dv/dt 

IFM(surge) 

1'10 

1iloM 

PG(av) 

PGM 

RL 

TC 

TJ 

Tstg 

FORWARD VOLTAGE APPLICATION RATE (y /µsec) - A rate of applied voltage in excess of 
this value may cause premature, nondestructive break.over. 

FORWARD CURRENT - The RMS value of forward curre11t during the "on" state. RMS value is 
the same for all conduction angles. 

AVERAGE FORWARD CURRENT - The full cycle average forward current for specified con
ditions of case temperature and conduction angle, 

PEAK FORWARD CURRENT, "ON" STATE - The peak current through the collector junction for 
a positive anode-to-cathode voltage. 

PEAK ONE-CYCLE SURGE FORWARD CURRENT - The maximum forward current having a 
single forward cycle (8. 3 milliseconds duration) in a 60 cps single-phase resistive load system. 
The surge may be preceded and followed by maximum rated voltage, current, and junction tem-

.perature conditions, and maximum allowable gate power may be concurrently dissipated. How
ever, limitations on anode current during turn-on should not be exceeded. 

PEAK FORWARD BLOCKING CURRENT, GATE OPEN - The peak current through the collector 
junction when the SCR is in the "off' state for a stated anode-to-cathode voltage and junction 
temperature. 

GATE TRIGGER CURRENT, DC - The min.imum DC gate current required to cause switching 
from the "off'' state to the "on" state for a stated anode-to-cathode voltage. 

HOLDING CURRENT, GATE OPEN - That value of forward anode current below which the con
trolled rectifier switches from the conducting state to the forward blocking condition. 

HOLDING CURRENT, GATE CONNECTED -That value of forward anode current below which t.he 
controlled rectifier switches from the conducting state to the forward blocking condition with the 
gate terminal returned to the cathode terminal thru specified impedance and/or voltage. 

PEAK REVERSE BLOCKING CURRENT, GATE OPEN - The peak current through the collector 
junction when the SCR is in the reverse blocking state for a stated anode-to-cathode voltage and 
junction temperature. 

(FOR CIRCUIT FUSING CONSIDERATIONS) - A measure of the maximum non-recurrent RMS 
forward current capacity for pulse durations less than 8. 3 milliseconds. I is in RMS amperes, 
and t is pulse duration in seconds. The same conditions as listed for IFM(surge) apply. 

AVERAGE GATE POWER DISSIPATION - Thevalueof maximum gate power dissipation averaged 
over a full cycle permitted between gate and cathode. 

PEAK GATE POWER DISSIPATION - T!)emaximum instantaneous value of gate power dissipation 
permitted between gate and cathode. 

LOAD RESISTOR 

CASE TEMPERATURE 

JUNCTION TEMPERATURE 

STORAGE TEMPERATURE 

5-4 



SCR SYMBOLS AND DEFINITIONS (continued) 

VGFM 

VGRM 

VROM(rep) 

TURN-ON TIME - The time interval between initiation of the gate current signal and reduction 
of the forward voltage to 10% of the blocking value during switcbing to conduction under stated 
conditions. 

TURN-OFF TIME - The time interval required for the gate to regain control of forward blocking 
characteristic after interruption of forward anode current. 

PEAK "ON" VOLTAGE - The peak forward vollage for a stated peak forward current when the 
SCR is in the "on" state. 

PEAK FORWARD BLOCKING VOLTAGE, GATE OPEN - The peak forward voltage when the SCR 
is in the "off" state. 

PEAK FORWARD GATE VOLTAGE - The peak voltage between the gate terminal and the cathode 
terminal resulting from the flow of forward gate current. 

PEAK .REVERSE GATE VOLTAGE - Thepeakvoltage between the gate terminal and the cathode 
terminal when the junction between the gate region and the adjacent cathode region is reverse 
biased. 

GATE TRIGGER VOLTAGE, DC - The DC voltage between the gate and the cathode required to 
produce the DC gate trigger current. 

PEAK REVERSE VOLTAGE, GATE OPEN - The maximum allowable instantaneous value of re
verse voltage (repetitive or continuous DC·) which can be applied to the device with the gate open 
at rated temperature. 

THERMAL RESISTANCE, JUNCTION-TO-CASE - The temperature rise per unit power dissipa
tion of a designated junction above the temperature of the case under conditions of thermal 
equilibrium. 

SIMPLIFIED SCR QUICK SELECTION GUIDE 

AVERAGE FORWARD CURRENT vs. CASE TEMPERATURE 

130~ •RATINGS 1oR ;JE MC12305,1,CR2J;4 AND1McR2Jos 
120 ~ SERIES AND ALL REVERSE POLARITY VARIATIONS -

Ll_ ............... -+-- OF THE STEEL CAN VARY SLIGHTLY ACCORDING 
~ CJ ll0~2N1595 ~L ---+--- TO PACKAGE. FOR EXACT DETAILS, SEE THE -

~ ~IOO~~~~~§S~E~R~IE~S~~~~~I~~ ---.~~~~~~ti:§ ~~f----~~~:S~PJE~Cl:F:IC~A~T=I=O=NS*.;::~~==~::~~IT_J_~==~==~ i< "' 2Nl842AI ~ ---....___ 1,2N2573 
0 "' \ ,..;: SERIES.,...- I ~ I --+-- y SERIES 

~ ~ 90 ~ ~~b---~ '"'1---
aof--~ 

~ ~ -":i:i~': '-i.....~ M~ - --~ ~ 70 MCR2304SERIES1 i;:::-- SERIIEs',£.;M;;;C;\;Riia;';:o~;;-a/""'2j~:::f..._=="i 1-""'!--l-+_;==t=-...J:~:--~f--+---I 
< I -.............. SERIES I ---+-- 2N681 SERIES :!i • ~ 60 I--- 1-- MCR2305 SERIES* r--.. 

< MCR2604 SERIES' '-J. MCR1308 MCR1~07 SEl!IESI 
f-1(.) CJ sol--- MCR2605 SERJES* ~SERIES/ _l _J_ 

2Nl842 SERIE~ 
401---

I l I -...... 
30 ~0~~1~.~-:-~---:!~~'--~~~-L~_J_~._ia~~L-~~10~~1L1~.....112~..L1L3~-1~4~--l1~5~-1~6~--l17~~1a 

lf(AV), AVERAGE FORWARD CURRENT (AMPS) 

(180° CONDUCTION ANGLE, 60 cps·, HALF SINE WAVE) 
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ECONOMY LINE SCR'S 

1FM (surge) 
Maxi-
mum 

Maxi- Peak Surge VFOM Maxi-

Ir 
Current and mum Typical mum 1 Cycle 

Tj RMS 60 eps VROM 1GT 1HO 
Type oc A A v rnA mA Case 

MCR1304, R Series See MCR2304, R Series for Electrical Specifications 
MCR2304-J 100 8 JOO 25 20 10 Single 
MCR2304R-1 JOO 8 80 25 20 ended 
MCR2304-2 JOO 8 JOO 50 20 
MCR2304R-2 JOO 8 80 50 20 
MCR2304-3 JOO 8 JOO JOO 20 
MCR2304R-3 JOO 8 80 JOO 20 

85 MCR2304-4 100 8 100 200 20 
MCR2304R-4 JOO 8 80 200 20 
MCR2304-5 JOO 8 100 300 20 

I 
MCR2304R-5 100 8 80 300 20 
MCR2304-6 JOO 8 JOO 400 20 
MCR2304R-6 JOO 8 80 400 20 

MCRJ305, R Series See MCR2305, R Series for Electrical Specifications 
MCR2305-J JOO 8 JOO 25 20 
MCR2305R-J JOO 8 80 25 20 
MCR2305-2 100 8 JOO 50 20 
MCR2305R-2 JOO 8 80 50 20 
MCR2305-3 JOO 8 JOO JOO 20 
MCR2305R-3 JOO 8 80 JOO 20 86 MCR2305-4 100 8 JOO 200 20 
MCR2305R-4 JOO 8 80 200 20 
MCR2305-5 JOO 8 100 300 20 
MCR2305R-5 JOO 8 80 300 20 
MCR2305-6 JOO 8 JOO 400 20 
MCR2305R-6 100 8 80 400 20 

MCR1604, R Series See MCR2604, R Series for Electrical Specifications 
MCR2604-1 100 8 JOO 25 20 
MCR2604R-J JOO 8 80 25 20 
MCR2604-2 JOO 8 100 50 20 
MCR2604R-2 100 8 80 50 20 
MCR2604-3 JOO 8 JOO JOO 20 
MCR2604R-3 100 8 80 JOO 20 87 
MCR2604-4 JOO 8 JOO 200 20 
MCR2604R-4 JOO 8 80 200 20 
MCR2604-5 JOO 8 JOO 300 20 
MCR2604R-5 JOO 8 80 300 20 
MCR2604-6 JOO 8 100 400 20 
MCR2604R-6 100 8 80 400 20 

MCR1605, R Series See MCR2605, R Series for Electrical Specifications 
MCR 2605-J JOO 8 JOO 25 20 
MCR2605R-J JOO 8 80 25 20 
MCR2605-2 100 8 100 50 20 
MCR2605R-2 100 8 80 50 20 
MCR2605-3 JOO 8 100 JOO 20 
MCR2605R-3 JOO 8 80 100 20 88 
MCR2605-4 JOO 8 100 200 20 
MCR2605R-4 JOO 8 80 200 20 
MCR2605-5 JOO 8 JOO 300 20 
MCR,2605R-5 JOO 8 80 300 20 
MCR2605-6 JOO 8 JOO 400 20 
MCR2605R-6 JOO 8 80 400 20 10 
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ECONOMY LINE SCR'S (continued) 

1 FM(surge) 
Maxi-
mum 

Peak Surge VFOM Maxi-Maxi- Current 
mum If 1 Cycle and mum Typical 

Ti RMS 60 cps VROM 1GT 1HO 
Type oc A A v mA mA Case 

MCR 808-1 100 18 225 25 50 15 
MCR 808R-1 100 18 225 25 50 15 
MCR 808-2 100 18 225 50 50 15 
MCR 808R-2 100 18 225 50 50 15 
MCR 808-3 100 18 225 100 50 15 
MCR 808R-3 100 18 225 100 50 15 68 
MCR 808-4 100 18 225 200 50 15 
MCR 808R-4 100 18 225 200 50 15 
MCR 808-5 100 18 225 300 50 15 
MCR 808R-5 100 18 225 300 50 15 
MGR 808-6 100 18 225 400 50 15 
MCR 808R-6 100 18 225 400 50 15 

MCR1308-1 100 18 225 25 50 15 
MCR1308R-1 100 18 225 25 50 15 
MCR1308-2 100 18 225 50 50 15 
MCR1308R-2 100 18 225 50 50 15 
MCR1308-3 100 18 225 100 50 15 Press 
MCR1308R-3 100 18 225 100 50 15 Fit 
MCR1308-4 100 18 225 200 50 15 
MCR1308R-4 100 18 225 200 50 15 
MCR1308-5 100 18 225 300 50 15 62 
MCR1308R-5 100 18 225 300 50 15 
MCR!308-6 100 !& 225 400 50 15 
MCR1308R-6 100 18 225 400 50 15 

SCR'S FOR PULSE MODULATOR APPLICATIONS 

Maxi-
I1 mum Typical 

TJ VFOM VROM RMS I pulse 1GT 1HO dv/dt 
Type 'C v v A A ma mA V/µsec Case 

MCR 729-5 105 300 50 © 2 100 50 25 50 ® 7/16 in. 
MCR 729-6 105 400 50 © 2 100 50 25 50 ® 
MCR 729-7 105 500 50 a:> 2 100 50 25 50 ® Stud-Mounted 
MCR 729-8 105 600 50 © 2 100 50 25 50 ® Case 
MCR 729-9 105 700 50© 2 100 50 25 50 ® 
MCR 729-10 105 800 50 <ll 2 100 50 25 50 ® 

MCR1718-5 125 300 300 25 1000 50 15 100@ T0-48 
MCR17!8-6 125 400 400 25 1000 50 15 100 @ T0-48 
MCR1718-7 125 500 500 25 1000 50 15 100@ T0-48 
MCR1718-8 125 600 600 25 1000 50 15 100 @ T0-48 

CJ) Characterized for unilateral applications where reverse blocking capability is not important. 
Higher V ROM rated devices available on request 

@ Minimum value 

@ Typical value 
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INDUSTRIAL SILICON CONTROLLED RECTIFIERS 

.1FM (surge) 
Maxi-
mum 

Maxi- Peak Surge VroM Maxi-
mum If Current 

and mum Typical 
T. 1/2 Cycle 

VROM 1GT 1Ho Type J RMS @60 cps 
Number "C A A v mA mA Case 

2N1595 125 I. 6 15 50 IO 5 T0-5 
2N1596 125 I. 6 15 100 IO 5 T0-5 
2N1597 125 I. 6 15 200 10 5 T0-5 
2Nl598 125 I. 6 15 300 IO 5 T0-5 
2N1599 125 I. 6 15 400 IO 5 T0-5 

MCR 914-1 
MCR 914-2 
MCR 914-3 See 2Nl 595 Series 
MCR 914-4 
MCR 914-5 
MCR 914-6 

MCR 846-1 105 2 30 25 50 25 7/16 in 
MCR 846-2 105 2 30 50 50 25 Stud-Mounted 

I 
MCR 846-3 105 2 30 100 50 25 Case 
MCR 846-4 105 2 30 200 50 25 

2N1842 100 16 125 25 80 15 T0-48 
2N1842A 125 16 125 25 80 15 T0-48 
2Nl843 JOO 16 125 50 80 15 T0-48 
2N1843A 125 16 125 50 80 15 T0-48 
2Nl844 100 16 125 100 80 15 T0-48 
2N1844A 125 16 125 100 80 15 T0-48 
2Nl845 100 16 125 150 80 15 T0-48 
2Nl845A 125 16 125 150 80 15 T0-48 
2Nl846 100 16 125 200 80 15 T0-48 
2N1846A 125 16 125 200 80 15 T0-48 
2Nl847 100 16 125 250 80 15 T0-48 
2N1847A 125 16 125 250 80 15 T0-48 
2Nl848 100 16 125 300 80 15 T0-48 
2N1848A 125 16 125 300 80 15 T0-48 
2N1849 100 16 125 400 80 15 T0-48 
2N1849A 125 Hi. 125 400 80 15 T0-48 
2Nl850 100 16 125 500 80 15 T0-48 
2N1850A 125 16 125 500 80 15 T0-48 

MCR 649-1 JOO 20 260 25 80 15 T0-41 
MCR 649-2 JOO 20 260 50 80 15 T0-41 
MCR 649-3 100 20 260 100 80 15 T0-41 
MCR 649-4 100 20 260 200 80 15 T0-41 
MCR 649-5 100 20 260 300 80 15 T0-41 
MCR 649~6 100 20 260 400 80 15 T0-41 
MCR 649-7 100 20 260 500 80 15 T0-41 

MCR1907-1* 125 25 150 25 30 15 T0-48 
MCR1907-2* 125 25 150 50 30 15 T0-48 
MCR1907-3* 125 25 150 100 30 15 T0-48 
MCR1907-4* 125 25 150 200 30 15 T0-48 
MCR1907-5* 125 25 150 300 30 15 T0-48 
MCR1907-6* 125 25 150 400 30 15 T0-48 

2N 681 125 25 150 25 25 15 T0-48 
2N 682 125 25 150 50 25 15 T0-48 
2N 683 125 25 150 100 25 15 T0-48 
2N 684 125 25 150 150 25 15 T0-48 
2N 685 125 25 150 200 25 15 T0-48 
2N 686 125 25 150 250 25 15 T0-48 
2N 687 125 25 150 300 25 15 T0-48 
2N 688 125 25 150 400 25 15 T0-48 
2N 689 125 25 150 500 25 15 T0-48 

2N2573 125 25 260 25 40 15 T0-41 
2N2574 125 25 260 50 40 15 T0-41 
2N2575 125 25 260 100 40 15 T0-41 
2N2576 125 25 260 200 40 15 T0-41 
2N2577 125 25 260 300 40 15 T0-41 
2N2578 125 25 260 400 40 15 T0-41 
2N2579 125 25 260 500 40 15 T0-41 

• Fast Turn Off at SCR 
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--Motorola Silicon Controlled Rectifiers --

2N681 thru 2N689 11 =25A RMS 
VRoM = 25-500 V 

~-
CASE64 ~ 

Industrial-type, silicon controlled rectifiers in a stud 
package with current handling capability to 25 amperes 
at junction temperatures up to 125°C. 

(T0-48) 

MAXIMUM RATINGS CT,= 125'C unless olherwise nole.I) 

Cb1racterlstlc Symbol Rating 

Peak Reverse Voltage• t VROM (rep) 
2N681 25 
2N682 50 
2N683 100 
2N684 150 
2N685 200 
2N686 250 
2N687 300 
2N688 400 
2N689 500 

Peak Reverse Voltage• VROM 
Transient 2N681 (non-rep) 35 
(non-recurrent 2N682 75 
5 msec max. duration) 2N683 150 

2N684 225 
2N685 300 
2N686 350 
2N687 400 
2N688 500 
2N689 600 

Forward Current RMS IF 25 
(All Conduction Angles) 

Peak Surge Current (one cycle, 60 cps) 1 FM(surge) 150 
(T ii = -65 to +125°C) 

Circuit Fusing Considerations 
J2t (T ii=· -65 to +125°C; :i8. 3 msec) 75 

Peak Gate Power PGM 5 

Average Gate Power Pg(AV) o. 5 

Peak Gate Current 1GM 2 

Peak Gate Voltage VGFM 
Forward 

VGRM 
10 

Reverse 5 

Operating Temperature :.r_ -65 to +125 

storage Temperature Tstg -65 to +150 

!Jtud Torque 30 

t vROM for all types can be applied on a continuous DC basis without incurring damage. 

• VROM (rep) ratings apply for zero or negative gate voltage. 
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--Motorola Silicon Controlled Rectifiers --

2N681 thru 2N689 (continued) 

ELECTRICAL CHARACTERISTICS <TJ = 12s 0 c unless otherwise noted) 

Characteristic 

Forward Break.over Voltage 

Forward or Reverse Leakage Current 

2N681 
2N682 
2N683 
2N684 
2N685 
ZN686 
2N687 
2N688 
2N689 

(Full Cycle Ave. ) 

2N681 - 2N684 
2N685 
2N686 
2N687 
2N688 
2N689 

Symbol 

VBO 

IS' !R 

Min Typ Max Unit 

Volts 
25 ---- ----
50 ---- ----

100 ---- ----
150 ---- ----
200 ---- ----
"250 ---- ----
300 ---- ----
400 ---- ----
500 ---- --------------

mAdc 

----- ---- 6. 5 
----- ---- 6. 0 
----- ---- s. 5 
----- ---- 5. 0 
----- ---- 4. 0 
----- ---- 3. 0 

________________________ _, ___________ --- ---
Forward Voltage Drop VF 
(16 A Full Cycle Average, 180' Conduction Angle) ----- ---- 0.86 Volts 

-G-a-te_T_r-ig_g_e_r_Cu_r_r_e-nt-(C_o_n_ti_n_uou_s_D_C_)-----------+--1-.G-T-- :::=- --10--~ mAdc 

Gate Trigger· Voltage (Continuous DC) V GT o.25 --::::::- 3.0 "Vdc""""" 
Holding Current !H'O :::=- _2_0_ -::::- -;;;;:-

.Switching Time t0 n (td + tr) -- i:-0-4:0 --~ 
(depends on circuit - consult 
manufacturer for further information) toff 10 - 20 µsec 

Forward Voltage Application Rate dv/dt ::::::- --30---=::-~ 
-T-he_r_ma_l_R_e_s-is-ta-nc_e....,.(J-u-nc_ti_o_n-to_S_tu_d,_)-----------t--,e,-J_S __ :::=- --1.-0- 2.0 'C/W 

MAXIMUM ALLOWABLE GATE TRIGGER CHARACTERISTICS 
2.0 16:::2 AMPS 

1.0 

~100 
if 50 

" "' ~ 20 

FORWARD CHARACTERISTICS-CONDUCTING STATE 

7 CZ 

AS A FIRING CIRCUIT DESIGN CRITERIA 
All UNITS Will FIRE AT ANY VOLTAGE 

ANO CURRENT WITHIN THIS AREA 

15 
~ 10 

TYPICAL VALUE~ rT- /L ~ MAXIMUM VALUES 

I 40mA MINIMUM 

_[_

GATE CURRENT REQUIRED 
I TO FIRE All UNITS 

~~:;~c-=--2io~l 
L --------

MAXIMUM ALLOWABLE 
e TYPICA.l TRIGGER POINT GATE VOLTAGE 10 VOLTS {FWD) 

123456789 
V6 , GATE VOLTAGE (VOLTS) T,=25°C-ANODE@ 6 VOLTS 

0.25 

STUD TEMPERATURE versus CURRENT 

JO 

~ 5.0 

~ 2.0 
e g 1.0 

~ 0.5 

~ 
~ 0.2 

~ 0.1 
0.0 

14 

~ 12 

~ 
~ 10 

i 
c 

~ e 

JUNCTION TEMPERATURE j 

,f t ---- l25''.1 
25°C 

11L 
0.5 1.0 1.5 2.0 

INSTANTANEOUS FORWARD VOLTAGE DROP (VOLTS) 

SUGGESTED FIN SIZES 

RESISTIVE OR INDUCTIVE LOAD, 50 TO 400 CPS 
FREE CONVECTION COOLING 

2.5 

0'---'~--~ ....... ~.._......1~...._~.._~.__...i.~~ 
0 W • W W ~ rn ~ ~ ~ B 

T,, AMBIENT TEMPERATURE ('C) 
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--Motorola Silicon Controlled Rectifiers --

2N 1595 thru 2N 1599 11 = 1.6 A RMS 
VROM = 50-400 v 

\ 
Industrial-type, low-current silicon controlled recti

fiers in a three-lead package ideal for printed-circuit 
applications. Current handling capability of 1. 6 am
peres at junction temperatures up to 125°C. 

CASE 32 
(T0-5) 

MAXIMUM RATINGS <T• = 12s•c unless otherwise noted) 

Characteristic Symbol Rating 

Peak Reverse Blocking Voltage• VROM(rep)• 
2Nl595 50 
2Nl596 100 
2Nl597 200 
2Nl598 300 
2Nl599 400 

Peak Forward Blocking Voltage• VFOM 
(Roe ; 1000 ohms) 2Nl595 50 

2Nl596 100 
2Nl597 200 
2Nl598 300 
2Nl599 400 

---- ---~-'-~-~,,.,.,...,...=""""= 

Forward Current RMS 1t 1.6 
(All Conduction Angles) 

-
Peak Surge Current IFM(surge) 

(One Cycle, 60 cps, 
T J ; -65 to +125oc) 15 

Peak Gate Power PGM 0.1 

Average Gate Power PG(AV) 0.01 

Peak Gate Current 1GM 0.1 

Peak Gate Voltage - Forward VGFM 10 
Reverse VGRM 10 

Operating Temperature Range TJ -65 to +125 

Storage Temperature Range Tstg -65 to +150 

•JEDEC Registered Values 
••v ROM & V FOM for all types can be applied on a continuous DC basis without 

incurring damage. 

5-11 

Unit 

Volts 

Volts 

Amps 

Amps 

Watt 

Watt 

Amp 

Volts 

Oc 

Oc 



I 

--Motorola Silicon Controlled Rectifiers --

2N1595 thru 2N1599 (continued) 

ELECTRICAL CHARACTERISTICS (Ts= 2s•c unless otherwise noted, Rae= 1000 ohms) 

Characteristics Symbol Min ,,.. Max Unit 

Peak Reverse Blocking CurJent IROM /A A 
(@ rated V ROM:• T J = 125 C) - - 1000 

--- -- -- -----
Peak Forward Blocking Current IFOM /A A 

(@ rated v FOM' T J = 125°c) - - 1000 --- -- -- -----
Forward On Voltage VF Volts 

(IF = 1 Ade) - 1.1 2.0* 

--- -- -- -----
Gate Trigger Current loT mA 

(Anode Voltage = 7 V, RL = 120) - 5.0 10.0• 

--- -- -- -----
Gate Trigger Voltage 

VGT 0.7 3.0* Volts (Anode Voltage = 7 V, RL = 120) -
(Anode Voltage = 7 V, RL = 120, TJ = 125°C) VGNT 0.2 - -

--- -- - -"'iiii\ Holding Current IHX 
(Anode Voltage = 7 V) - 5.0 ---- -- -- -----

Turn-on Time ton µsec 
(IoT = 10 mA, IF= 1 A) - 0.8 -
(IoT = 20 mA, IF= 1 A) - 0.6 -

--- -- -----~ 
Turn-off Time /A sec toff 

(IF= 1 A, IR = 1 A, dv/dt = 20 V/ µsec, TJ = 125°C) - 10 -
*JEDEC Registered Values 

MAXIMUM ALLOWABLE 
1~ = 100 m• GATE TRIGGER CHARACTERISTICS 

100 
MAXIMUM ALLOWABLE GATE POWER 

PGt.1 100 mW ~O 3.0 VOLTS 

20 
~ 10 

: 5.0 

~ 2.0 

~ 1.0 
w 0.5 

~ 0.2 
_j 0.1 

.05 

02 

~~~D,~i~~gE --; 
FIRE All UNITS ~c: A~R~ CIRCU-; 

TYPICAL TRIGGER POINT DESIGN CRITERIA All UNITS 
e Will FIRE AT ANY VOLTAGE 

AND CURRENT WITHIN THIS AREA 

10 mA GATE CURRENT REQUIRED 
TO FIRE ALL UNITS 
{125°C - 5 inAl 
(-65°C ~ 15 mA) 

MAXIMUM ALLOWABLE 
GAH VOLTAGE 

.001 .i:r::::=:::=~=;=::~~:=.;:=:;:=::;;=-=;==:)=:::::;:::::;l 
J ~ J 8 IO 

VG,GATE VOLTAGE {VOLTS) 
(TJ = 25°C' ANODE (iii 12 VOLTS) 

CASE TEMPERATURE versus CURRENT 
u 130 

~ 
120 ~ 

~ 
110 

~ 
~ 100 

m 90 

~ 80 NOTES ,--+---+--~--7.!=--+--"'rl----1 

1i 
:;;; 70 
::; 
" 60 
~ 

(1) DC, l</l, 3,;,, 6</>, CIRCUIT - 1 

(2) ~f ~~5jJ~Ep~~1f JR~ci1::s~i~i· i~ ~E0N1~~ g~O.._TT_O_M_O_,_F C_A_,SE..-1 
(3) 125°C JUNCTION TEMPERATURE 

0.4 0.2 0.6 0.8 1.0 1.2 1.4 1.6 

lflAVJ> AVERAGE FORWARD CURRENT {AMPS) 

FORWARD CHARACTERISTICS - CONDUCTING STATE 
10 

~ 

z..- z. 
I-- TYPICA~---j ~AXIMUM 

VALUES VALUES 

~ 5.0 

z 
~ 2.0 

- 1.0 
==i 

1· 
T NOTEo VOLTAGE DROP MEASURED 

0.5 

~ - 0.2 

5 0.1 ff V2 INCH FROM BOTTOM OF CASE 
z 
~ 0.05 

~ 0.02 

_:. 0.01 

I 
l. II 

~c~ ~P~~~~~~ 
25oc ----I 
I _l 

0 1.0 2.0 3.0 4.0 • 5.0 
V,, INSTANTANEOUS FORWARD VOLTAGE DROP (VOLTS) 

~ 140 ~~~A_M_B_IE-NT~TE_M_P~ER_A_TU_R_E~ve_rs_u_s~CU_R_R_EN~T~~ 

~ 120 Piiio.:--+-

~ 100 1---"lllllo.,;---+-----l---+--.1-J.'--4--~ 
~ 

~ 801---+-'-"~,....-::S....io---+~ 

'" :i! 
6ol---+--...P,.,-'l,~~--"1-..--+----J--~ ! 401---l---+---"r-'~'-<"~~--l'>o~--l--~ 

~ 201----1---+-~~'-,.,.__,......_,.~ 

" s 
" ~' 

0.1 0.2 0.3 0.4 0.5 
lf 1..,v1, AVERAGE FORWARD CURRENT (AMPS) 

0.6 0.7 
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--Motorola Silicon Controlled Rectifiers --

2N 1842 thru 2N 1850 11 = 16A RMS 
VRoM = 25-500 V 

CASE 64 
(T0-48) 

Industrial-type, silicon controlled rectifiers in a stud 
package with current handling capability to 16 amperes 
at junction temperatures up to 100°C. 

MAXIMUM RATINGS (T.1 = I00°C unless otherwi•e noted) 

Characteristic Symbol Rating 

Peak Reverse Blocking Voltage•• VROM(rep)** 
2Nl842 25 
2N1843 50 
2N1844 100 
2N1845 150 
2N1846 200 
2N1847 250 
2N1848 300 
2N1849 400 
2N1850 500 

Peak Reverse Voltage VROM(non-rep) 
Transient 2N1842 35 
(non-recurrent 2Nl843 75 
5 msec max. 2N1844 150 
duration) 2Nl845 225 

2N1846 300 
2Nl847 350 
2N1848 400 
2N1849 500 
2Nl850 600 

Forward Current RMS 
(All Conduction Angles) 

Ir 16 

Peak Forward Surge Current 1FM(surge) 
(One cycle, 60 cps) 
(TJ = -40 to +l00°C) 125 

Circuit Fusing Considerations 12t 
(T J " -40 to+ 100°c; '.S 8.3 msec) 60 

Peak Gate Power PGM 5 

Average Gate Power PG(AV) 0.5 

Peak Gate Current 1GM 2 

Peak Gate Voltage 
Forward VGFM 10 
Reverse VGRM 5 

Operating Temperature Range TJ -40 to + 100 

Storage Temperature Range Tstg -40 to +125 

Stud Torque 30 

* JEDEC - registered values. 
** VROM(rep) for all types can be applied on a continuous DC basis without in

curring dama!\e. Ratings apply for zero or. negative gate voltage. 
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--Motorola Silicon Controlled Rectifiers --

2N 1842 thru 2N 1850 (continued) 

ELECTRICAL CHARACTERISTICS (TJ = 1oo•c unless otherwise noted) 

Characteristic 

Peak F,_)rward Blocking Voltage* 
2Nl842 
2N1843 
2N1844 
2N1845 
2N1846 
2N1847 
2N1848 
2Nl849 
2N1850 

Peak Forward or Reverse Blocking Current 

Forward On Voltage 
(16 Ade. TJ 25°c) 

Gate Trigger Current (Continuous DC) 
(Anode Voltage 7 V. RL 50 11. T,J '25°C) 

Gate Trigger Voltage (Continuous DC) 
(Anode Volta~e 7 V. RL 50 11. TJ 25°C) 

(Anode Voltage 0 7 V, RL 0 50 11 , TJ. 100°c) 

Holding Current 
(Anode Voltage .· 7 V. Gate Open. T.J • 2s0 c) 

Switching Time 
(depends on circuit - consult 
manufacturer for further information) 

-
Forward Voltage Application Rate 

Thermal Resistance (Junction to Stud) 

MAXIMUM ALLOWABLE 
!GM= 2 AMPS GATE TRIGGER CHARACTERISTICS 
2.0 

1.0 

~ 
0.5 

~ 
0.2 

' 2.0 VOLTS 
GATE VOLTAGE 
REQUIRED TO 

FIRE All UNITS 
I 
I 
I 
I 

AS A FIRING CIRCUIT DESIGN CRITERIA 
All U"'ITS WILL FIRE AT ANY VOLTAGE 

AND CURRENT WITHIN THIS AREA 

I 0.1 L_ _ - _ L ~~~l~ec~r~~~h~ea~e~ 
~ .05 

.2 
.02 

.0001 n 
0.3 

~ 100 
~ 

~ 

i 80 

~ 60 ~ 

5 
~ 

! 
40 

~ 
20 

" ~ 
" .2 

(100°C - 50 mA J 
(-40°C - 150 mAJ • 
Vr. = 3.S Volts 

• TYPICAL TIUGG£RPOIHT 
MAXIMUM ALLOWABLE FORWARD 

GATE VOLTAGE 10 VOLTS 

I I I I 
23456789 
V0 , GATE VOLTAGE !VOLTS)-ANOOE@ 7 VOLTS 

•JEDEC Registered Values 

CURRENT DERATING 

14 
IFfA.VI• AVERAGE FORWARD CURRENT (AMPS) 

Symbol Min Typ Max Unit 

VFOM 
. Volts 

25 - -
50 - -

JOO - -
150 - -
200 - -
250 - -
300 - -
400 - -
500 - --- ---- ---

1FOM• 1ROM - - 6.0 mA 
-- ---- ---

VF Volts 

- 1.1 1. 8 

-- ---- ---
1GT mA 

- 15 80 -- ---- ---
VGT Volts 

- 0.8 2.0 
VGNT 0.3 - -

-- ---- ---
!HO mA 

- 20 --- ---- ---
ton (Id+ tr) - 1.0 - µsec 

toff - 14-30 - µsec 

-- ---- ---
dv/dt - 30 - V/µsec -- ---- ---
9Jc - 1.0 2.0 0 c/w 

FORWARD CHARACTERISTICS - CONDUCTING STATE 

~ 100 

~ 50 
~ 

i 20 

10 

TYPICAL VALUES 

? 7 iJZ MAXIMUM VArs-17 
c 

~ 
5.0 

2.0 
~ 

~ 1.0 
-ff 7u_ 

JUNCTION TEMPERATURE 
-- - - -too0 c 

25°C 

I 0.5 

0.2 

1 ·" 0.1 ff i 
10 0.5 1.0 1.5 2.0 2.5 3.0 

v,, INSTANTANEOUS FORWARD VOLTAGE DROP (VOLTS) 

SUGGESTED HEAT SINK SIZES 
10 

~ 
RESISTIVE OR INDUCTIVE LOAD, 50 TO 400 CPS 
FREE co,NVECTIDN coopNG I 
CURVES SHOWN ARE FOR 180° CONDUCTION ANGLE ~ 

~ z 
1-----1--- ~iR ~rn~~~rSfs0~~,P~l~~~~~i· F~g~~,:~~ 

I 
c 
~ 

~ 
~ : 
\ii 
~ 

0 
16 0 20 
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120° -0.91 
90" - 0.82 
so· -0.12 

~-::...,+----!--- 30° - 0.58 

40 

DC -1.40 
USE CURVES FOR DC, l,P, 3,P, 6.p 
CIRCUITS BY CHOOSING PROPER 

CONDUCTION ANGLE FACTOR 

60 80 100 
T", AMBIENT TEMPERATURE (°C) 



--Motorola Silicon Controlled Rectifiers --

11= 16ARMS 
V ROM = 25-500 V 

Industrial-type, silicon controlled rectifiers in a stud 
package with current handling capability to 16 amperes 
at junction temneratures up to 125 °C. 

MAXIMUM RATINGS (T.1 = t25'C unless otherwise noted) 

Characteristics Symbol Rating 

Peak Reverse Blocking Voltage•• VROM(rep)** 
2Nl842A 25 
2Nl843A 50 
2Nl844A 100 
2Nl845A 150 
2Nl846A 200 
2Nl847A 250 
2Nl848A 300 
2Nl849A 400 
2Nl850A 500 

Peak Reverse Voltage VROM(non-rep) 
Transient 2Nl842A 35 
(non-recurrent 2Nl843A 75 
5 msec max. 2Nl844A 150 
duration) 2Nl845A 225 

2Nl846A 300 
2Nl847A 350 
2Nl848A 400 
2Nl849A 500 
2Nl850A 600 

Forward Current RMS 1r 16 
(All Conduction Angles) 

Peak Surge Current 1FM(surge) 
(One cycle, 60 cps) 
(T J = -65 to +125°C) 125 

Circuit Fusing Considerations r2t 
(TJ = -65 to +125°C; ~ 8.3 msec) 60 

Peak Gate Power PGM 5 

Average Gate Power PG(AV) 0.5 

Peak Gate Current 1GM 2 

Peak Gate Voltage 
Forward VGFM 10 
Reverse VGRM 5 

Operating Temperature Range TJ -65 to+l25 

Storage Temperature Range Tstg -65 to+l50 

Stud Torque 30 

• JEDEC - registered values. 
•• VROM(rep) for all types can be applied on a continuous DC basis without in

curring <famage. Ratings apply for zero or negative gate voltage. 
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--Motorola Silicon Controlled Rectifiers --

2N1842 A thru 2N1850A (continued) 

ELECTRICAL CHARACTERISTICS (T, = 12s•c unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Forward Blocking Voltage• VFOM 
. 

Volts 
2Nl842A 25 - -
2Nl843A 50 - -
2Nl844A 100 - -
2Nl845A 150 - -
2Nl846A 200 - -
2N1847A 250 - -
2N1848A 300 - -
2N1849A 400 - -
2N1850A 500 - ---

Forward or Reverse Blocking Current 1FOM• 1ROM - - 6.0 mA 
--

Forward On Voltage VF Volts 
(16 Ade, TJ = 25°C) - 1.1 1.6 

--
Gate Trigger Current 1GT mA 

(Anode Voltage = 7 V, RL = 50 >I, TJ = 25°C) - 15 80 
--

Gate Trigger Voltage Volts 
(Anode Voltage = 7 V, RL = 50 ll. TJ = 25°c) VGT - 0.8 2.0 
(Anode Voltage = 7 V, RL = 50 Q , TJ = 125oc) VGNT 0.25 - ---Holding Current 1HO mA 
(Anode Voltage= 7 V, Gate Open. TJ = 25°C) - 20 ---

Switching Time 1on (td +tr) 1.0 - µsec 
(depends on circuit - consult toll 14-30 - µsec 
manufacturer for further information) 

--
Forward Voltage Application Rate dv/dt - 30 - V/µsec 

-Thermal Resistance (Junction to Stud) 9JC 1.0 2.0 oc;w -
*VFOM for all types can be applied on a continuous DC basis without incurring damage. 

Ratings apply for zero negative gate voltage. 

MAXIMUM ALLOWABLE 
lo.,. =c2AMPS 

MAXIMUM ALLOWABLE GATE POWER 
PGM = SWATTS 

Ti=25'C 

<;;" 0.5 

i 
~ 0.2 
~ B o.1 
g .05 

02 TYPICALTRlGGERPOINT 

2 3 

AS A FIRING CIRCUIT DESIGN CRITERIA 
All UNITS Wilt FIRE AT ·ANT VOLTAGE 

AND CURRENT WITHIN THIS AREA 

MAXIMUM ALLOWABLE FORWARO 
GATE VOLTAGE !OVOLTS 

V.,,GATEVOLTAGE(VOlTS)-ANODE@l 7 VOLTS 
0.25 •JEDEC Regisrered Values 

CURRENT DERATING 
E 140 

~ 30 
:; 125 
~ i2ol!lllli!ool..,-l--i'---t--+-
~ 110 1-~~;::s:!~?!"""-+--l 

to 

l'i 
~ 1ool-'--~~~~~,.+::::::,...j.,.--+..-+---I 

" ; 90 

~ sol---1---1---l----+::::.. 
~ 
~ : .......... _ ..... _ ..... _ _.__...__..__.___, 
,.; 
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--Motorola Silicon Controlled Rectifiers --

2N2573 thru 2N2579 11 = 25 A RMS 
VROM = 25-500 v 

Industrial-type, silicon controlled rectifiers in a 
"diamond" package for applications requiring a high 
surge-current rating or low thermal resistance. 

CASE 61 
(T0-41) 

MAXIMUM RATINGS (TJ == 125°C unless otherwise noted) 

Characteristics Symbol 

Peak Reverse Voltage* VROM 
2N2573 
2N2574 
2N2575 
2N2576 
2N2577 
2N2578 
2N2579 

Forward Current RMS 
(All Conduction Angles) 

Peak Surge Current (one cycle, 60 cps) I( surge) 
(T J = -65 to +125°C) 

Circuit Fusing Considerations 12t 
(TJ = -65° to +125"C; ~8. 3 msec) 

Peak Gate Power Pc 

Average Gate Power Pc 
Peak Gate Current IG 
Peak Gate Voltage VG 

Forward 
Reverse 

Storage Temperature Tstg 
Operating Temperature TJ 

Rating Units 

Volts 
25 
50 

100 
200 
300 
400 
500 
25 Amps 

260 Amps 

A2sec 
275 

5 Watts 

0. 5 Watts 

2 Amps 

Volts 
10 
5 

-65 to +150 "C 

-65 to +125 "C 

* vROM for all types can be applied on a continuous DC basis without incurring damage. 
vROM ratings apply for zero or negative gate voltage. 
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--Motorola Silicon Controlled Rectifiers --

2N2573 thru 2N2579 (continued) 

ELECTRICAL CHARACTERISTICS <TJ == 125"C unless otherwise noted) 

Characteristics Symbol Min Typ Max Unit 

Forward Breakover Voltage VFOM Volts 
(TJ = 125°C) 

2N2573 25 - -
2N2574 50 - -
2N2575 100 - -
2N2576 200 - -
2N2577 300 - -
2N2578 400 - -
2N2579 500 - -

Forward Leakage Current is rnA 

I 
(@ Rated Veo with Gate Open) 

(TJ = 25°C) - - 2 
(TJ = 125°C) - 0.6 5 

Reverse Leakage Current iR rnA 
(@Rated PRV) 

(TJ = 25°C) - - 2 
('l'J = 125"C) - 0.6 5 

Forward Voltage Drop (TJ = 125°C) VF Volts 
(16 A Full Cycle Average, 

180" Conduction Angle) - - 0. 7 
(25 Amps DC) - 1. 1 -

Gate Firing Current IGT rnAdc 

(Continuous DC) - 20 40 

Gate Firing Voltage VGT Vdc 
(Continuous DC) 

(TJ = 25°C) - 1. 0 3.5 
(TJ = 125°C) 0.3 - 3.5 

Holding Current IH - 20 - rnA 

Forward Voltage Application Rate dv/dt V/µsec 

- 30 -
Thermal Resistance 9JC - 1. 0 1. 5 "C/W 
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--Motorola Silicon Controlled Rectifiers --

2N2573 thru 2N2579 (continued) 
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--Motorola Silicon Controlled Rectifiers --

MCR649-1 thru MCR649-7 11=20A RMS 
VROM = 25-500 v 

Industrial-type, silicon controlled rectifiers in a 
"diamond" package for applications requiring a high 
surge-current rating or low thermal resistance. 

CASE 61 
(T0-41) 

MAXIMUM RATINGS (T.1 = IOG°C unless otherwise noted) 

Characteristics' Symbol 

Peak Reverse Voltage • VROM 
MCR649-l 

-2 
-3 
-4 
-5 
~5 

-7 

Forward Current RMS IF 
(All Conduction Angles) 

Peak Surge Current (full cycle, 60 cps) I( surge) 

(T J = -40 to +100°C) 

Circuit Fusing Considerations r2t 
(T J c -40 to + JOO" C; ~ 8. 3 msec) 

Peak Gate Power PG 

Average Gate Power PG 

Peak Gate Current JG 

Peak Gate Voltage VG 
Forward 
Reverse 

Storage Temperature Tstg 

Operating Temperature TJ 

Rating Units 

Volts 
25 
50 

100 
200 
300 
400 
500 

20 Amps 

Amps 

260 

A2sec 
275 

5 Watts 

0.5 Watts 

2 Amps 

Volts 
10 
5 

-40 to +150 "C 

-40 to +100 "C 

• VROM for all types can be applied on a continuous DC basis without incurring damage. 

VROM ratings apply for zero or negative gate voltage. 
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--Motorola Silicon Controlled Rectifiers --

MCR649-1 thru MCR649-7 (continued) 

ELECTRICAL CHARACTERISTICS <At T.1 = 25'C unless otherwise noted> 

Characteristics Symbol Min Typ Max Unit 

Forward Breakover Voltage VFOM Volts 
(TJ = lOO'C) 

MCR649-l 25 - -
-2 50 - -
-3 100 - -
-4 200 - -
-5 300 - -
-6 400 - -
-7 500 - -

Forward Leakage Current mA 
(@ Rated V BO with Gate Open) 

(T = 25°C) - - 2 
(T J= lOO"C) - - 5 J 

Reverse Leakage Current mA 
(@ Rated PRV) 

(T = 25°C) - - 2 
(T J_ lOO''C) - - 5 J 

Forward Voltage Drop(TJ = l00°C) 
(13 A Full Cycle Average, 

VF Volts 

180 Conduction Angle) - - 0. 7 
(20 Amps DC) - 1. 00 -

Gate Firing Current IGT mA 
(Continuous DC) - 30 80 

Gate Firing Voltage VGT Volts 
(Continuous DC) 

(T = 25°C) - 1. 0 3.5 
(T J= lOO''C) 0.3 - -J 

Holding Current IH - 20 - mA 

Forward Voltage Application Rate 
(%c = 27 11) 

dv/dt VI µsec 

MCR649-1 thru MCH649-4 - 10 -
(25 V - 200 V) 
MCR649-5 thru MCR649-7 -
(300 V - 500 V) 30 -

Thermal Resistance e JC - 1.0 1. 5 'C/W 
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--Motorola Silicon Controlled Rectifiers --

MCR649-1 thru MCR649-7 (continued) 
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--Motorola Silicon Controlled Rectifiers --

MCR729-5 thru MCR729-10 I pulse = 100 Ade 
VROM = 300-800 v 
Pulse Repetition Rates -

to 10,000 pps 

Fast-switching, high-voltage silicon controlled rec
tifier especially designed and characterized for radar, 
proximityfuse, beacon and similar pulse applications. 

CASE 63 

MAXIMUM RATINGS (TJ = 105°C unless otherwise noted) 

Characteristic Symbol Rating Unit 

Forward Current (continuous) 1cont 2 Ade 

Repetitive Pulse Current 1pulse 
100 Ade 

(10 µsec pulse width) 

Peak Reverse Voltage* VROM 50 Volts 

Peak Gate Power PG 20 Watts 

Average Gate Power PG 1 Watt 

Peak Gate Current Ia 5 Amps 

Peak Gate Voltage VG 10 Volts 
Forward and Reverse 

Operating Temperature TJ -65 to +105 oc 

Storage Temperature Tstg -65 to +150 oc 

Stud Torque 15 in. lb. 

* Characterized for unilateral applications where reverse blocking capability 
is not important. Higher vROM rated units available on request. 

5-23 



--Motorola Silicon Controlled Rectifiers --

MCR729·5 thru MCR729· 10 (continued) 

ELECTRICAL CHARACTERISTICS (T.r = 105°C unless otherwise noted) 

Characteristic Symbol Minimum Typical Maximum Unit 

Forward Breakover Voltage* VFOM Volts 
MCR729-5 300 - -

-6 400 - -
-7 500 - -
-8 600 - -
-9 700 - -· 
-10 800 - -

Forward Leakage Current is mA 
(Rated V BO with gate open) - 0.2 2 

Gate Firing Current 1GF mA 
(TJ = 25'C) - 10 50 

Gate Firing Voltagt VGF Volts 
(T J = 25°C) - 0. 8 1. 5 

Forward Voltage Drop VF Volts 
(2 Ade, TA= 25°C) - 1. 1 1. 5 

Turn-On Time (td + tr) ton µsec 

(IG = 200 mA, TA = 25°C) 

I pulse = 30 amps - 0.2 -
I pulse = 100 amps - 0.4 -

Turn-On Time Variation Aton µsec 
(T3 = +25°C to +105°C and 

+25°C to -65°C) - ±0.05 -
Recovery Time (forward) tree µsec 

(!pulse = 30 amps, 1reverse = O, TA= 25°C 

(Inductive charging circuit) - 10 -
Turn-Off Time (Conventional) 

(!forward = 2 amps, 1reverse = lO amps, 
toff µsec 

TA=25°C) - 6 -

Forward Voltage Application Rate dv/dt 50 - - V/µsec 

Drop-Out (Holding) Current IH mA 
(TA = 25°C) 5 25 -

Thermal Resistance eJC - - 4 °C/W 

* Other voltage units available upon request. 

5-24 



--Motorola Silicon Controlled Rectifiers --

MCR808 series 

MCR 1308 series 

11 = 18 A RMS 
VRoM = 25-400 V 

Low-cost, silicon controlled rectifiers available in 
two package styles and reverse polarity for versatile, 
economical, general-purpose applications. 

CASE 68 CASE 62 

MAXIMUM RATINGS (at Ts= 100'C unless otherwise noted) 

Characteristic Symbol Rating 

Peak Reverse Voltage* V:aoM(rep) 

f 
25 

MCR808 -2 50 
MCR808R -3 100 
MCR1308 -4 200 
MCR1308R -5 300 

-6 400 

Forward Current RMS If 18 
(All Conduction Angles) 

Peak Surge Current (one cycle, 60 cps) IFM(surge) 
(TJ = -40 to +1oooc) 225 

Circuit Fusing Considerations 12t 
(TJ = -40 to +1oooc; 8.3 msec) 235 

Peak Gate Power PGM 5 

Average Gate Power PG(av) 0.5 

Peak Forward Gate .Current 1GFM 2 

Peak Gate Voltage 
Forward VGFM 10 
Reverse VGRM 10 

Operating Temperature Range TJ -40 to +100 

storage Temperature Range Tstg -40 to +150 

Stu<i Torque - MCR1308 and MCR1308R - 30 

*VROM(repl for all types can be applied on a continuous DC basis without 
incurring damage. Ratings apply for zero or negative gate voltage. 
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--Motorola Silicon Controlled Rectifiers --

MCR808, MCR1308 (continued) 

ELECTRICAL CHARACTERISTICS (T.; ~ 25°c """"oth"w; .. not<d) 

Characteristic ~bol Min Typ Max Unit 
Peak Forward Blocking Voltage* VFOM Volts 

(TJ = 100°C) r 25 
MCR808 -2 50 - -
MCR808R -3 100 - -
MCR1308 -4 200 - -
MCR1308R -5 300 - -

-8 400 - -
Peak Forward Blocking Current 1FOM mA 

(Rated VFOM with gate open, TJ = 100°C) - 1 8 

Peak Reverse Blocking Current 1ROM mA 
(Rated VROM• Gate open, TJ = 10ooc) - I 5 

Forward On Voltage VF Volts 
(18 Ade, TJ = ioo0c) - 1.1 1.5 

Gate Triggering Current !GT mA 
(Anode Voltage = 7 V, RL = 500) - 15 50 

Gate Firing Voltage (Continuous DC) Volts 
(Anode Voltage= 7V,RL"" 50Q) VGT - 0.7 1.5 
(Anode Voltage = 7 v, RL = 50 n, TJ = 100°c) VGNT 0.3 - -

Holding Current 1HO mA 
(Anode Voltage = 7 V, gate open) - 15 -

Turn-On Time 1on µsec 
(IF = 18 Ade, laT = 50 mAdc) - 1.0 -

Turn-Off Time 1off µsec 
(IF= 10 A, IR= 10 A) - 12 -
(IF= 10 A, IR= 10 A, TJ"' J.00°C) - 18 -

Forward Voltage Application Rate dv/dt V/µsec 
(TJ := 1oooc) - 30 -

Thermal Resistance MCR808 and MCR808R 'JC - 1.0 1.6 0c/w 
MCR1308 and MCR1308R 1.4 2.0 

*VFOM for all types can be applied on a continuous DC basis without incurring damage. Ratings apply for zero or negative gate.voltage. 

PRESS IN MOUNTING 

1. Heat Sink Hole - To provide good SCR heat sink surface con
tact, the diameter of the heat sink hole should be 0.499 ±.001 
inch. The edge of the hole into which the SCR will be pressed 
should be slightly beveled to aid in starting and to prevent 
shearing off of the package knurl. The depth and width of this 
beveled break should be 0.010 nominal (see Figure 14 ). 

2. Hardness of Heat Sink Material - If .the SCR is pressed into 
a heat sink material which is harder than the case of the SCR, 
degradation of voltage characteristics can occur because of 
stresseS placed on the package and consequently on the silicon 
die inside. Therefore, the following hardnesses for the heat ~ink 
material are recommended : 

Copper - less than 50 on the Rockwell F scale 
(the MCR808 case is 50or greater) 

Aluminum .:___ less than 65 on the Brinell scale. 

3. Press-In Force - The recommended press-in force is between 
250 and 1000 pounds per square inch. It is extremely im
portant that this force be applied only to the external ann\].lar 
ring portion of the device. If pressure is applied to the glass
to-metal seal portion of the device, stresses can result which 
crack the glass and/ or break the hermetic seal. 
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--Motorola Silicon Controlled Rectifiers --

MCR808, MCR 1308 (continued) 
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--Motorola Silicon Controlled Rectifiers --

MCR846 series I,= 2 A RMS 
VROM = 25-200 v 

Silicon controlled rectifiers for low-power switching 
and control applications requiring blocking to 200 volts 
and load currents to 2 amps. 

CASE 63 

MAXIMUM RATINGS (TJ = 105°C unless otherwise noted) 

Characteristic Symbol Rating Uni! 

Peak Reverse Voltage VROM 
MCR 846 - 1 25 Volts 

- 2 50 
- 3 100 
- 4 200 

RMS Forward Current IF 2 Amps 

Peak Surge Current (one cycle, 1FM (surge) 30 Amps 
60 cps, Tj = -65 to +105°C) 

Circuit Fusing Considerations r2t 35 Amp2sec 

Peak Gate Power PG 5 Watts 

Average Gate Power PG(avg) 0.5 Watts 

Peak Gate Current IG 2 Amps 

Peak Gate Voltage (forward VG 10 Volts 
and reverse) 

Storage Temperature Tstg -65 to +150 oc 

Operating Temperature T. 
J 

-65 to +105 "C 

Stud Torque 15 in-lb 
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--Motorola Silicon Controlled Rectifiers --

MCR846 (continued) 

ELECTRICAL CHARACTERISTICS (TJ = 1os•c unless otherwise noted) 

Characteristic Symbol Minimum Typical Maximum 

Forward Breakover VROM 
Voltage 
MCR 846 - 1 25 

- 2 50 
- 3 100 
- 4 200 

Forward Leakage Current i 2 s 

Reverse Leakage Current i 
r 2 

Forward Voltage Drop VF 1. 6 
Tc= 25'C, IF= 2 amp DC 

Gate Firing Current 1GF 
10 50 

T. = 25'C 
J 

Gate Firing Voltage VGF 0. 8 1. 5 
Tj = 25°C 

Holding Current IH 25 

Turn On Time(Tc = 25 °C) t 0 s 
(IF = 2 amps DC) on 

(TC = 25°C) 
Turn Off Time(JF = 2 amps) to!! 4 

(~ = 10 amps) 

Forward Voltage Application dv/dt 50 
Rate 

Thermal Resistance OJ-C 4 

MCR914 series 

For specifications, See 2Nl595 Series Data Sheet 

MCR 1304 series 

MCR 1305 series 

MCR 1604 series 

MCR 1605 series 

For Specifications, See MCR2304 Series Data Sheet 
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--Motorola Silicon Controlled Rectifiers-. --

MCR 1718-5 thru MCR 1718-8 l~ulse = 1000 A 
VROM = 300-600 v 
IF= 25 A RMS 

Fast-switching, high-voltage silicon controlled rec
tifiers for pulse modulator applications requiring block
ing to 600 volts and repetitive pulse currents to 1000 
amps. 

MAXIMUM RATINGS (TJ = 125°C unless otherwise noted) 

Characteristic Symbol Rating Unit 

Peak Reverse Blocking Voltage* VROM* Volts 
MCRl 718-5 (rep) 300 

-6 400 
-7 500 
-8 600 

Transient Peak Reverse Blocking VROM Volts 
Voltage {non-recurrent 5 msec 

(non-rep) max duration) 
MCRl 718-5 400 

-6 500 
-7 600 
-8 700 

Peak Repetitive Pulse Current 1pulse 
1000 Amps 

(1-10 microsec pulse width) 

RMS Forward Current If 25 Amps 

Dynamic Average Power Dissipation PF(AV) 30 Watts 
(At Tc = 65°C) 

Current Application Rate di/dt 1000 A/µsec 
(up to 1000 Amps Peak) 

Curcuit Fusing Considerations 12t 250 A2sec 
(Ti= -65 to +125°C; P. W. < 1. 0 msec) 

Peak Gate Power PGM 20 Watts 

Average Gate Power PG(AV) 1 Watt 

Peak Forward Gate Current 1GFM 5 Amps 

Peak Gate Voltage - Forward VGFM 10 Volts 

- Reverse VGRM 10 

Operating Junction Temp. Range Ti -65 to oc 
+125 

storage Temperature Range T(stg) -65 to 'C 
+150 

stud Torque 30 in-lb 
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--Motorola Silicon Controlled Rectifiers --

MCR 1718-5 thru MCR 1718·8 (continued) 

ELECTRICAL CHARACTERISTICS (TJ = 2s•c unless otherwise noted) 

Characteristic Symbol Minimum Typical Maximum Unit 

Peak Forward Blocking Voltage* VFOM* Volts 
T. = 125'C MCRl 718-5 300 

J -6 400 
-7 500 
-8 600 

Peak Forward Blocking Current 1FOM 
8 mA 

(Rated VFOM; Tj = 125°C, Gate Open) 

Peak Reverse Blocking Current 1iioM 8 mA 
(Rated VROM; Tj = 125°C, Gate Open) 

Gate Trigger Current (continuous DC) 1GT 
10 50 mAdc 

(Anode Voltage = 7Vdc, RL = 50Q) 

Gate Trigger Voltage (continous DC) Vdc 
(Anode Voltage = 7Vdc, RL = 50Q, VGT 0.8 1. 5 

Tj = 25°C) 

(Anode Voltage= 7Vdc, RL = 50Q, VGNT . 25 

Tj = 125'C) 

Turn-on Forward Voltage Drop VF(on) Volts 
(!GT= 500 mA, !pulse = 500 amps) 

1. 0 µsec after start (10% pt.) of I pulse 30 
5. 0 µsec after start (10% pt.) of i pulse 5 

Forward On Voltage (IF= 25 Ade) VF 1. 1 1. 3 Vdc 

Recovery Time (Forward) t µsec 
(!pulse = 500 amps, !reverse = 10 amps) 

rec 20 

(Inductive charging circuit - circuit 
dependent) 

Forward Voltage Application Rate dv/dl 100 V /µsec 
(Gate Open, Tj = 125°C) 

Drop-out (Holding) Current 1HO 
mAdc 

Gate Open; Ti= 25°C 5 15 

Gate Open; Ti= 125°C 6 

Thermal Resistance (Junction-to-Case) OJC 2. 0 °C/W 

* V FOM and V ROM( rep} for all types can be applied on a continuous DC basis without incurring damage. 

Ratings apply for zero or negative gate voltage. 
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--Motorola Silicon Controlled Rectifiers --

MCR 1907-1 thru MCR 1907-6 IF= 25 A RMS 
VROM = 25-400 v 

CASE64~-
(T0-48) ~ 

Fast turn-on, fast turn -off silicon controlled recti
fiers for high-frequency applications requiring block
ing to 400 volts and load currents to 25 amps. 

MAXIMUM RATINGS (TJ = 125°C unless otherwise noted) 

Characteristic Symbol Rating Unit 

Peak Reverse Blocking Voltage* VROM(rep)* Volts 
MCR1907-1 25 
MCR1907-2 50 
MCR1907-3 100 
MCR1907-4 200 
MCR1907-5 300 
MCR1907-6 400 

Peak Reverse Blocking Voltage 
(non-recurrent, 5 msec max. VROM(non-rep) Volts 
duration) 

MCR1907-1 35 
MCR1907-2 75 
MCR1907-3 150 
MCR1907-4 300 
MCR1907-5 400 
MCR1907-6 500 

Forward Current RMS 
(All Conduction Angles) 

It 25 Amps 

Peak Surge Current (one cycle, 60 cps) IFM(surge) 150 Amps 
(T J = -65 to +1250C) 

Circuit Fusing Considerations 12t A2sec 
(T J = -65 to +125°C; t :2 8. 3 msec) 75 

Peak Gate Power PGM 5 Watts 

Average Gate Power PG( av) 0.5 watts 

Peak Gate Current l(}FM 2 Amps 

Peak Gate Voltage: Forward VGFM 10 Volts 
Reverse VGRM 5 

Operating Temperature TJ -65 to+125 OC 

Storage Temperature Tstg -65 to+150 (Jc 

*VROM(rep) for all types can be applied on a continuous DC basis without incurring 
damage. Ratings apply for zero or negative gate voltage. 

110 

CURRENT DERATING 

125 ~ .. L OC, 1,u,,. '"·CIRCUIT -.L I I r 
~ t'-i-.- RESISTIVE OR INOUCTIVELOAO, 50 TO 400 CPS" LD 
~ r-,..._ 0° 180° 

_s:~ ~-.......... j...__ ·coNOU~GLE 
30'" 1::-,. ~ ""'b,. I --..... 

90 

10 12 14 16 18 20 22 24 26 
IF(AVI AVERAGE FORWARD CURRENT <AMPERES! 
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--Motorola Silicon Controlled Rectifiers --

MCR1907-1 thru MCR1907-6 (continued) 

ELECTRICAL CHARACTERISTICS (TJ = 125°C unless otherwise noted) 
·-------

Characteristic Symbol Min Typ Mp Unit 
Peak Forward Blocking Voltage* MCR1907-l VFOM 

. 25 - - Volts 
MCR1907-2 50 - -
MCR1907-3 100 - -
MCR1907-4 200 - -
MCR1907-5 300 - -
MCR1907-6 400 - -

Peak Forward or Reverse Blocking Cl!rrent 1FOM &: 1ROM - - 4 mA 

Forward On Voltage VF Volts 
(IF= 20 Ade, Tc = 2s0c) - 1.4 1.7 

Gate Trigger Current (Continuous DC) 1GT mA 
(Anode Voltage = 7 Vdc, RL = 50 ohms, T J = 25°C) - 15 30 

Gate Trigger Voltage (Continuous DC) Volts 
(Anode Voltage = 7 Vdc, RL = 50 ohms, TJ = 25°C) VGT - - 1.5 
(Anode Voltage = 7 Vdc, RL = 50 ohms, TJ = 125°C) VGNT 0.25 - -

~icufrent lHO mA 
(Anode Voltage = 7 Vdc, gate open, TJ = 25°C) - 12 -

Turn-On Time 1on µsec 
(IF = 10 A, lo = 200 mA, TJ = 25°C) - 0.5 -

Turn-Off Time (Figure 3) 1ott µsec 
(IF = 10 A, la = 10 A, dv/dt = 30 V/µsec min) - - 12 

V FXM = rated voltage 
VRXM = rated voltage 

Forward Voltage Application Rate dv/dt 30 - - V/µ.sec 

Thermal Resistance, Junction to Case 9JC - 1.0 1.7 0c;w 

•VFOM for all types can be applied on a continuous DC basis without incurring damage. Ratings apply for zero or negative gate voltage. 
These devices should never be tested with a constant current source for forward or reverse blocking capabtlity such that the voltage 
applied exceeds the rated IJlocking voltage. 

TURN·OFF TIME TEST CIRCUIT 

IS!:lECTED 
llOV D, RECOV£RYDIOD[I 

60CPS tt~-=-:::-::t"~-.~__..jf-+'-+--0 SCOPEIVOlTAGEI 

.!NON-INDUCTIVE) 

Forward conduction current is passed through the device 
(SCR 1 and test device triggered on). The anode is then 
driven negative (SCR:! triggered on), causing reverse current 
to flow. The anode-to-cathode potential goes negative with 
a decrease in reverse current. Forward voltage is then ap
plied to the anode of the device (SCR3 triggered on). The 
device has fully recovered when it regains its ability to block 
the reapplied forward voltage. 

t Consult manufacturer for further circuit information. 

TYPICAL TURN-OFF TIME vesus 
PEAK FORWARD CURRENT ANli JUNCTION TEMPERATURE 

14 1,'~ IOA I 1,~20A J:=== 
11 12 t- dv/dt=30V/µsecmin 1----r---:: J 
~ lO ~TANDARDTESTVALUEl 

" ,,~ 
!':;8 ,,~ 

~ 6 IF2A~ 
l 

-65 -50 -25 25 50 75 100 125 

TJ, JUNCTION TEMPERATURE (°C) 

FORWARD CHARACTERISTICS - CONDUCTING STATE 
El 

~ 100 

5 

I 10 TYPICAL VALUES >I. MAXIMUM VALUE~ 

~ LO 

~ 
gj 0.1 

JUNCTION TEMPERATURE 
~ 11 ------ l~~:~~ 

1-- _L _L J_ 

~ 00 05 LO L5 2.0 2.5 

" VF, INSTANTANEOUS FORWARD VOLTAGE DROP IVOLTSl 
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--Motorola Silicon Controlled Rectifiers --

MCR2304 series 

MCR2305 series 

MCR2604 series 

MCR2605 series 

11 = 8 A RMS 
VROM = 25-400 v 

MCR2304 
CASE 85 

~ ~\-\ 

\~ 
MCR2305 ~)'i 

CASE 86 

~ 
-~~~\ 

Silicon controlled rectifiers for applications requir
ing current up to 8 amperes with blocking voltages up to 
400 volts. Available fn a variety of economical packages 
for mounting versatility, and in both forward (anode-to
case) connection and reverse (cathode-to-case) connec
tion. (normally anode connected to case. For cathode
to-case connection, add suffix "R" to type number.) Also 
available in flying lead ('L' suffix) and pin ('P' suffix) 
versions. 

MCR2604 ~ 
CASE 87 

MCR2605 \ 
CASE 88 

Note: MCR1304, R; MCR1305, R; MCR1604, R; MCR1605, R series are electrically identical to the equiv
alent "2000" series, but are mounted in cases 65, 69, and 68 respectively. 

MAXIMUM RATINGS (T.r == 100°C unless otherwise noted) 

Characteristic Symbol Rating 

Peak Reverse Blocking Voltage• VROM(rep)* 

r 25 
MCR2304, MCR2304R -2 50 
MCR2305, MCR2305R -3 100 
MCR2604, MCR2604R -4 200 
MCR2605, MCR2605R -5 300 

-6 400 

Forward Current RMS 1! 
(All Conduction Angles) 8 

Peak Surge Forward Current IFM(surge) 
(One cycle, 60 cps) 

(T J ~ -40 to + 100°C) 
Forward Polarity 100 
Reverse Polarity 80 

Circuit Fusing Considerations 12t 
(T J = -40+100°c; t ~ 8.3 msec) 

Forward Polarity 40 
Reverse Polarity 25 

Peak Gate Power PGM 5 

Average Gate Power PG(av) 0.5 

Peak Forward Gate Current 1GFM 2 

Peak Gate Voltage 
Forward' VGFM 10 
Reverse VGRM 10 

Operating Temperature Range TJ -40 to +100 

storage Temperature Range Tstg -40to+150 

Stud Torque (MCR1305, MCR1305R series) 15 

*VROM(rep) for all types can be applied on a continuous DC basis without incurring damage. 
Ratings apply for zero or negative gate voltage. 

These devices should never be tested with a constant current source for forward or reverse 
blocking capability such that the voltage applied exceeds the rated blocking voltage. 
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--Motorola Silicon Controlled Rectifiers --

MC2304, MCR2305, MCR2604, MCR2605 (continued) 

ELECTRICAL CHARACTERISTICS (TJ = 125°C unless otherwise noted) 

Cllaractertstlc Symbol Min TIP M11 Untt ---·- { VFoM• Volts 
(TJ = lOQDC) -1 25 - -

MCR2304, MCR2304R -2 50 - -
MCR2305, MCR2305R -3 100 - -
MCR2604, MCR2604R -4 200 - -
MCR2605, MCR2605R -5 300 - -

-6 400 - -
Peak Forward Blocking Current 1FOM mA 

(Rated VFoM@ TJ = 100°c, gate open) - - 2 

Peak Reverse Blocking Current 1RoM mA 
(Rated VROM@ T J = 100°c, gate open) - - 2 

Forward On Voltage VF Volts 
(IF= 5 Ade) - 1.0 1.3 

Gate Trigger Current (Continuous DC) 1GT 
mA 

(Anode Voltage= 7 Vdc, RL = 10on) - IO 20 

Gate Trigger Voltage (Continuous DC) Volts 
(Anode Voltage= 7 Vdc, RL = 1oon) VGT - 0.6 1.5 
(Anode Voltage= 7 Vdc, RL = 10on, TJ ""100°c) VGNT 0.2 - -

Holding Current 1HO mA 
(Anode Voltage = 7 Vdc, gate open) - 10 25 

Turn-On Time ton µsec 
(IF= 5 Ade, loT = 20 mAde) - 1 -

Turn-Off Time !off µsec 
(IF= 5 Ade, la= 5 Me) - 12 -
(IF = 5 Ade, 1i! = 5 Ade, TJ .. 100°c) - 16 -

Forward Voltage Application Rate dv/dt V/ µ.sec 
(TJ =- 100°c) - 50 -

Thermal Resistance, Junction to Case &Jc 0c/w 
MCR2304, MCR2604, MCR2605 - 1.5 2.7 
MCR2304R, MCR2604R, MCR2605R - 2.0 3.1 
MCR2305 - 1.6 3.0 
MCR2305R - 2.3 3.4 

Thermal ~esistance, Case to Ambient 9cA oC/W 
MCR2304, MCR2604, MCR2605 and reverse polarity units. - - 40 

*VFOM for all types can be applied on a continuous DC basis without incurring damage. Ratings apply for zero or negative gate voltage. 
These devices should never be tested with a constant current source for forward or reverse blocking capability such that the voltage 
applied exceeds the rated blocking voltage, 

MAXIMUM ALLOWABLE NON·RECURRENT 
SURGE CURRENT 

BO f''t:J"b Ji. jz_OEVICEMOUNTEOONHEATSINK" 

70 ~ pt._ l-1~ 
50 R 
50 - ~ 
40 t1 '"r-{. -
30 r-DE_vrrcE_Mt-0..,UN_TE+-D-IN+-F-REt-E +AIR++++--·-+ '-+1--l-... i---+r-.,-l'>H-++I 

10 t---+--+--+-+-+-+-+++4+~+-+-+-+-+-+-H-++< 

O t---+--+--+-+-+-+-+++~----l -- FORWARD POLARITY lo -;_uv~s~ 
1.0 2.0 4.0 6.0 8.0 10 20 40 60 

CYCLES AT 60 CYCLES PER SECOND 

•Heat sink sullicient to maintain allowable case temperature for 180° 
conduction angle during normal operation. 

HALF WAVE 

50~~~~~~~~~~~~~~~~~ 

0 

IFIAVI• AVERAGE FORWARD CURRENT IAMPS) 
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--Motorola Silicon Controlled Rectifiers --

MC2304, MCR2305, MCR2604, MCR2605 (continued) 

50 

~ 
20 

~ 10 

5.0 

I 2.0 
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~ 02 

" 
~ 
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~ 07 _,; 
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02 

.0001 

FORWARD CONDUCTING CHARACTERISTICS 
(ALL TYPES) 

l _L 
TYPICALZ 

L" 
:VMAXIMUM 

7I. 

ff t 
-- i~ iiio~c 

f-----
J_'_!_ f-----

I I 

0.5 LO L5 20 2.5 30 

VF, INSTANTANEOUS FORWARD VOLTAGE IVOLTSl 

GATE TRIGGER CHARACTERISTICS 
/MAXIMUM ALLOWABLE FORWARD GATE CURRENT 

IGFM ~ 2AMPS 

/ MAXIMUM ALLOWABLE 

~l.5VOLTS 
GATE POWER 

PGM = SWATTS 

I Rrn~fJfovf~\~~~GER 
pl ALL UNITS 

~I 
11 
.:I AS A TRIGGER CIRCUIT DESIGN CRITERIA 

ALL UNITS Will TRIGGER AT ANY VOLTAGE 

I 
AND CURRENT w1rn1N THIS AREA 

I 
I 
J "''"' _j 20mA GATE CURRENT REQUIRED 

~::• TO TRIGGER All UNITS 

- ------
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TYPICAL GATE TRIGGER CURRENT 
versus TEMPERATURE 
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--Motorola Gate Controlled Switches--

MGcs821-1 thru MGcs821-6 IF= 5 A RMS 
VROM = 25-400 v 

Silicon gate controlled switches for switching and 
control applications requiring a bistable switch that can 
be turned off as well as on by a gate signal. 

CASE 61 
(T0-41) 

MAXIMUM RATINGS (TJ = 105°C unless otherwise specified) 

Characteristic Symbol Rating 

Peak Reverse Voltage VROM 
(Note 1) 
MGCS 821 - 1 25 

- 2 50 
- 3 100 
- 4 200 
- 5 300 
- 6 400 

Forward Current IF 5 
@TC= 80'C (see Figure 1) 

Peak Surge Current 1(surge) 60 
(One cycle, 60 cps, T. = 

J 
-40'C to +105'C) 

Circuit Fusing Considerations 12t 65 
(t < 8. 3 msec) 

Peak Gate Power 
Forward PGF 10 

Reverse PGR 40 

Average Gate Power 
Forward PGF(avg) 2 

Reverse PGR(avg) 20 

Peak Gate Current 
Forward 1GF 2 

Reverse 1GR 2.5 

Storage Temperature Tstg -40 to +150 

Operating Temperature T. 
l 

-40 to +105 
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--Motorola Gate Controlled Switches--

MGCS821 series (continued) 

El,..ECTRICAL CHARACTERISTICS (TJ = 105'C unless otherwise noted) 

Characteristic Symbol Minimum Typical Maximum Unit 

Forward Breakover Voltage VFOM Volts 
MGCS 821 - 1 25 

- 2 50 
- 3 100 
- 4 200 
- 5 300 
- 6 400 

Controllable Anode IF 5 Amps 
Current (see Figure 2) 

Forward Blocking Current IFOM 1 5 ma DC 
(@ rated V 80) 

Reverse Blocking Current IROM 1 5 ma 
(@ rated PRV) 

I 
Forward Voltage Drop VF 1. 0 2. 0 v 

@ IF = 5 amps DC, 

TC= 25'C 

Gate Turn On (Trigger) Current IGT 20 100 ma 
@Tj = 25°C 

@T. = 105'C 5 30 
J 

Gate Turn On (Trigger) Voltage VGT 0.8 3.5 v 
@Tj = 25'C 

@T. = 105'C 0.3 
J 

Gate Turn Off Current IGO 
2 5-200 volt units -500 ma 
300 -400 volt units -1 amp 
@IF= 5 amp DC, 

Tj = -40'C to +105°C 

Pulse Width = 200 usec (See 
Note. 4) 

Gate Turn Off Voltage 
VGQ -10 v 

@IF= 5 amp DC, 

Tj = -40'C to +105'C 

Pulse Width = 200 usec 

Latching Current, Tc= 25'C, Il 50 ma 

Rise Time (@Tc= 25'C, t r 
µsec 

IF= 5 amp DC, IGT = 100 ma) 1. 0 

Fall Time @turn off conditions tf 2. 0 µsec 
listed above 

Thermal Resistance 8JC 2.5 'C/W 

Holding Current @ TC = 2 5' C IH 40 ma DC 

Rate of Applied Forward Voltage dv/dt 40 v/µsec 
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--Motorola Gate Controlled Switches--

MGCS821 series (continued) 

G 
" 

CURRENT RATING 

l 
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0 l 
-40 -20 20 40 60 80 100 110 120 

CASE TEMPERATURE (TC) - oc 

LOW LEVEL ON VOLTAGE 
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MAX. INSTANTANEOUS ON VOLTAGE (VOLTS) 

TURN OFF GAIN CHANGE 

100~~~~~~~~~~~~~~~~~~ 
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--Motorola Gate Controlled Switches--

MGCS821 series (continued) 

NOTES: 

1. Units for DC applications (v FOM only) available on special request. 

2. Higher current units available on special request. 

3. In addition to the gate to cathode resistor (RGc), performance may be 
enhanced in certain applications be the use of an anode to cathode 
capacitor (C AC). 

4. (See gate turn off current) Typical units can be turned off with much 
lower level gate pulses (i.e. , exhibit much higher gain), however, the 
values specified are recommended for safe area operation in accordance 
with figure 2. Recommended turn off gains (!.!:__) for various switching 

Iao 
a. Switching from 3- 5 amps to 200 volts or less -10 max. 
b. Switching from 3-5 amps to 200 volts or more - 5 max. 
c. Switching from 2-3 amps - 6 max. 
d. Switching from less than 2 amps - 4 max. 

TYPICAL TURN OFF TIME 

IF=5AM~ = 

c 20Q 

+ 300 

oL._~J.___.Jc.___J.~.....J..~....l..~-"-~....1...-

0 50 100 150 200 250 300 350 400 
SUPPLY VOLTAGE (E8) - VOLTS 

c = 2µf 
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--Motorola Gate Controlled Switches--

MGcs924-1 thru MGcs924-6 
MGcs925-1 thru MGcs925-6 

IF= 5 A RMS 
VFOM = 25-400 v 
VROM = 15-400 v 

Silicon gate controlled switches for switching and 
control applications requiring a bistable S'Yitch that can 
be turned off as well as on by a gate signal. 

CASE 61 
(T0-41) 

MAXIMUM RATINGS (TJ = 105"C unless otherwise noted) 

Characteristic Symbol Rating 

Peak Reverse Voltage VROM 
MGCS 924 (All Units) 15 
MGCS 925 - 1 25 

- 2 50 
- 3 100 
- 4 200 
- 5 300 
- 6 400 

Forward Current IF 5 
@Tc= 80°.c 

(see Figure 1) 

Peak SUrge Current 1(surge) 60 
(One cycle, 60 cps, 
Ti = -40°C to +105°C) 

Circuit Fusing Considera- !2t 65 
tions (t < 8. 3 msec) 

Peak Gate Power 
Forward PGF 10 

Reverse PGR 40 

Average Gate Power 
Forward PGF (avg) 2 

Reverse PGR (avg) 20 

Peak Gate Current 
Forward 1GF 2 

Reverse 1GR 2. 5 

Storage Temperature Tstg -40 to +150 

Operating Temperature T. -40 to +105 
J 
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--Motorola Gate Controlled Switches-.-

MGCS924-MGCS925 (continued) 

ELECTRICAL CHARACTERISTICS 

Characteristic Symbol Minimum Typical Maximum Unit 

Forward Breakover 
Voltage (MGCS 924 & 925) VFOM Volts 

- 1 25 
- 2 50 
- 3 100 
- 4 200 
- 5 300 
- 6 400 

Controllable Anode IF 5 Amps 
Current 

Forward Blocking 
IFOM 1 5 ma 

Current (@ rated V BcY 

I 
Reverse Blocking IROM 1 5 ma 

Current (@rated PRV) 

Forward Voltage Drop VF 1. 0 2. 0 
@IF= 5 amps DC, 

TC = 25'C 

Gate Turn On (Trigger) 
Current 
@Tj = 25'C IGT 20 100 ma 

@Tj = 105'C 5 30 

Gate Turn On (Trigger) VGT 
Voltage 
@Tj = 25°C 0. 8 3. 5 v 
@Tj = 105'C . 03 

Gate Turn Off Current IGQ -500 ma 
@IF= 5 amp DC, 

Tj = -40'C to +105°C 

Pulse Width = 200 usec (See 
Note 2) 

Gate Turn Off Voltage VGO -12 v 
@IF= 5 amp DC, 

T. = -40°C to +105°C 
J 

Pulse Width = 200 usec 

Latching Current, TC = 25'C ll 50 ma 

Rise Time(@ TC= 25°C, t r 
1. 0 µsec 

IF= 5amp DC, !GT= 100 ma) 

Fall Time @turn off conditions ti 2. 0 µsec 
listed above 

Thermal Resistance &JC 2. 5 'C/W 

Holding Current @ TC = 2 5 C IM 40 ma 

Rate of Applied Forward dv/dt 40 vi µsec 
Voltage 
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--Motorola Silicon Controlled Rectifiers --

MGCS924-MGCS925 (continued) 

CURRENT RATING SWITCHING LOAD LINES 

I\ 

' 
~ UNITS MAY BE SWITCHED 

ALONG LOAD LINES SHOWN 
L-~tI'--'- TO INDICATED VOLTAGES OR +----------

'-.... - TO RATED FORWARD BLOCKING 
..... VOLTAGE, WHICHEVER IS LESS 

~ 0 
-40 -20 0 20 40 60 80 100 110 120 

-- --~ 
\ ~t---oL.....J~-1.~-'L~..L..~~'.....::':.i...~~'-:::::~~...L---J 

0 100 200 300 400 500 
CASE TEMPERATURE (TC) - oC 

FORWARD BLOCKING VOLTAGE (VOLTS) 

LOW LEVEL ON VOLTAGE TURN OFF GAIN CHANGE 

100 

1 2 3 -20 20 40 60 80 100 110 120 
:MAX. INSTANTANEOUS ON VOLTAGE (VOLTS) JUNCTION TEMPERATURE (OC) 

TURN OFF GAIN CHANGE TURN OFF GAIN CHANGE 

20 20 

"' "' " ~ " 40 z 40 ., 
" "' " z 

"' ~ 60 ., 60 

"' " "' 80 6~ 

100 100 
0 1 2 3 4 0 50 100 150 200 250 300 

FORWARD CURRENT - IF (AMPS ANODE VOLTAGE - V AC (VOLTS) 
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--Motorola Silicon Controlled Rectifiers --

MGCS924-MGCS925 (continued) 

NOTES: 

1. In addition to the gate to cathode resistor (Rae), performance may be 
enhanced in certain applications by the use of an anode to cathode 
capacitor (C Ac). 

2. (Reference gate turn off current). Typical units can be turned off with 
much lower level gate pulses (i.e. , exhibit higher gain), however, the 
values specified are recommended for safe area operation in accordance 
with figure 2. Recommended turn off gains ~)for various switching 
levels are as follows: GO 

a. 
b. 
c. 

Switching from 3-5 amps to 150 volts or less 
Switching from 2-3 amps to 300 volts or less 
Switching from less than 2 amps to 400 volts or less 

-10 max. 
- 6 max. 
- 4 max. 

3. Units with higher forward blocking voltage available on special request. 
Also, units with intermediate voltage ratings (150 volts, etc.) available 
on special request. 

TYPICAL TURN OFF TIME 

/ ~ IF 1 AMP 0£;;j-

:::::...i-- Ti • 25oC 

0 0.,._-='50,.--~10~0~~15-0~2~00~-25~0~3~0-0~3~50~4~00 
SUPPLY VOLTAGE (ES) - VOLTS 

5-44 

c 20.Q 

+ 

c"" 2µf 

300 

MGCS 
821 

~ 
I 
I 
I 
I 
I 
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READING REFERENCES 

Factors Influencing Selection of Commercial Power Transistor Heat Sinks. 
Page 12-19 

How to get more Value out of a Power Transistor Data Sheet. Page 12-3 

Determining Maximum Reliable Load Lines for Power Transistors. Page 12-13 

• For devices meeting military specifications, see page 1-18. 

• For Meg-A-Life devices with certified reliability, see page 1-21. 

• For case outline dimensions, see page 1-26. 
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HIGH POWER TRANSISTORS 

Motorola high-power transistors include both germanium and silicon devices. 
Generally, these transistors are characterized for both amplifier and switching 
applications requiring power dissipation ratings up to 170 watts. 

APPLICATIONS SELECTION GUIDE 

The following tables list the preferred power transistors for specific appli
cations categories. For more detailed specifications, refer to individual speci
fication sheets. 

(Table I) 

Preferred Power Transistors for Audio Amplifier Applications 

(Table II) 

Preferred Power 'Transistors for. DC Amplifier and Series OR Shunt 
Regulator Applications 

(Tables III, IV, V) 

Preferred Transistors for Power Inverter Applications 
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SELECTOR GUIDES 

TABLE I - AUDIO AMPLIFIER TRANSISTORS 

TRANSISTOR VOLTAGE RATING (BVces) 

POWER 
OUTPUT 30V 45V 60V 75V 90V 120V 

2N3713*N 2N3713*N 2N3716*N 2N3489*N 
lW 2N3611 3N3612 2N3615 2N3616 2N2141 2N2527 

2N3713*N 2N3716*N 2N2833 2N2834 
5W 2N3613 2N3614 2N2832 2N2832 2N2146 2N2527 

2N3617 2N3618 

2N3713*N 2N3716*N 2N2833 2N2834 
lOW 2N3613 2N3614 2N2832 2N2832 2N2146 2N2527 

2N3617 2N3618 2N3492*N 

2N3715*N 2N3716*N 2N2833 2N2834 
50W 2Nl557 2Nl558 2Nl599 2N2832 2Nl548 

2Nl547 2N3492*N 

2N3716*N 2N1548 
lOOW 2N2156 2N2157 2N2153 2N2154 2N3492*N 

NOTE: ALL TRANSISTORS ARE GERMANIUM PNP UNLESS OTHERWISE NOTED 

* Silicon 
N NPN 

160V 

2N2528 

2N2528 

2N2528 

2N2528 

TABLE II - DC AMPLIFIERS AND SERIES OR SHUNT REGULATOR TRANSISTORS 

Vee MAXIMUM VOLTAGE AT SPECIFIED CURRENT; LIMITED BY SAFE AREA 

CURRENT 20V 30V 45V 60V 80V 120V 

2N3615 
O. lA 2N3611 2N3611 2N3612 2N3713*N 2N2141 2N2527 

2N3715*N 2N3713*N 2N2075 
1. OA 2N3613 2Nl541 2N3313 

2N3312 

2N3715*N 2N2079 
3. 0 2N3311 2N3313 

2N2153 

5A 2N3314 2N3715*N 

NOTE: ALL TRANSISTORS ARE GERMANIUM PNP UNLESS OTHERWISE NOTED 

* Silicon 
N NPN 
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TABLE Ill - LOW FREQUENCY INVERTER TRANSISTORS (60-400 CPS) 

TRANSISTOR VOLTAGE RATING (BVces) 
POWER 

OUTPUT 30 45 60 75 90 120 

2N3713*N 2N3714*N 2N3489*N 
50 2N361l 2N3612 2Nl 541 2N1542 2N1543 2N2527 

2N3714*N 2N3714*N 2N3489*N 
100 2Nl539 2N1540 2Nl541 2Nl542 2Nl543 2N2527 

2N3715*N 2N3716*N 2N3491 *N 
200 2N1557 2Nl558 2Nl546 2Nl547 2N1543 2N2527 

500 MP504 2N2156 2N2153 2N2154 2Nl548 

TABLE IV - MEDIUM FREQUENCY INVERTER TRANSISTORS (400CPS-10 KC) 

TRANSISTOR VOLTAGE RATING (BVces) 

POWER 
OUTPUT 5 30 45 60 75 90 

2N3713*N 2N3714*N 2N3489*N 
50 2N2912 2N3611 2N3612 2Nl 551 2N1552 2N2527 

2N2526 

2N3715*N 2N3716*N 2N3489*N 
100 2N2728 2N2082 2N2081 2Nl 551 2Nl552 2N2527 

2N3715*N 2N3716*N 2N3491 *N 
200 2N2832 2N2079 2N2527 

2N2080 2N2832 2N2833 

500 2N2079 2N2833 

TABLE V - HIGH FREQUENCY INVERTER TRANSISTORS (10 KC-50 KC) 

TRANSISTOR VOLTAGE RATING (BVces) 

POWER 
OUTPUT 5 30 45 60 75 90 

2N3026* 
2N3025* 2N3713*N 2N3714*N 2N3489*N 

50 2N2912 2N2832 2N2832 2N3445*N 3N3446*N 2N2833 
2N2832 2N2833 

2N3715* 2N3448*N 
2N3492*N 2N3447* 2N3716*N 100 

2N2832 2'N2833 
2N2833 

2N3716* 2N3492*N 
200 2N2833 2N2833 

NOTES: ALL TRANSISTORS ARE GERMANIUM PNP UNLESS OTHERWISE NOTED. 

* INDICATES SILICON TRANSISTOR 
N INDICATES NPN TRANSISTOR 
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120 

2N2527 

2N2527 

2N2527 
2N2834 

2N2834 

120 

2N2834 

2N2834 

2N2834 

160 

2N2528 

2N2528 

2N2528 

160 

2N2528 

2N2528 I 
2N2528 
2N2834 

2N2834 

160 

2N2834 

2N2834 

2N2834 
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GERMANIUM POWER TRANSISTOR SPECIFICATIONS 

1 BREAKDOWN VOLTAGE 

Ve• T v .. 
Type volts volts 

" 15amps(max) 

2N441 40 20 
2N111W 40 40 
2N277 40 20 
2N2082* 40 40 
2N1549* 40 20 
2N1553* 40 20 
2N1557* 40 20 

2N442 50 30 
2N2077* 50 35 
2N278 50 30 
2N2081* 50 35 
2N1980 50 20 

2N443 60 40 
2N2491 60 30 
2N173 60 40 
2N1550* 60 30 
2N1554* 60 30 
2N1558* 60 30 

2N2490 70 40 
2N2DW 70 25 
2N20SO* 70 25 
2Nl981 70 20 

2N2075* 80 20 
2N2492 80 60 
2N1358t 80 60 
2Nf74t 80 60 
2N174A 80 60 
2NI099 80 40 
2N2079* 80 20 
2N1551* 80 40 
2N1120t 80 40 
2N1555* 80 40 
2N1559* 80 40 

2Nl982 90 20 
2N1970 100 40 
2N1412t 100 60 
2N11DO 100 80 
2N2493 100 80 
2N1552* 100 50 
2N1556* 100 50 
2Nl560* 100 50 

le 20amps(max) 

MPl612 70 2 
2N2832 80 2 
MP1612A llO 2 
2N2833 120 2 
MP1612B 130 2 
2N2834 140 2 

lc---25amps(max) 

2N2912 15 I. 5 
2N1162* 50 25 
2N1163* 50 25 
2N11S4* 80 40 
2N1165*t 80 40 
2N1166* 100 50 
2N1167* 100 50 

lc--30amps(max) 

2N2152* 45 25 
2N2156* 45 25 
2N2153* 60 30 
2N2157* 60 30 
2N2154* 75 40 
2N215B* 75 40 

le - 50amps(max) 

2N2728 15 15 

" 60amps(max) 

MPSDO* 45 25 
MP504* 45 25 
MP501* 60 30 
MP505* 60 30 
MP502* 75 40 
MP506* 75 40 

1 " 1 Ve• 
Type amps volts 

2wattsAudio 

2N554 3 15 
2N555 3 30 
2N176 3 40 
2N178 3 40 
2N669 3 40 

4WattsAudio 

2N350A 3 50 
2N351A 4 50 
2N376A 5 50 .. *Available as Meg-A-Life" Units 

t Military type available 
CD For T0-41 order MP2137, etc. 

1 

1 

v .. 
volts 

15 
15 
-
20 
-

-
-
-

J GAIN 1 SATURATION VOLTAGE 1 Vc£S l h" @ le VCE!oot) @ le/la 

volts min/max amps volts max amps 

40 20/40 5 o. 3 typ 12/2 
40 20/40 5 o. 9 12/2 
40 35/70 5 o. 3 typ 12/2 
40 35/70 5 o. 9 12/2 
30 10/30 10 I. 0 10/l 
30 30/60 10 o. 7 10/1 
30 50/100 10 o. 5 10/1 

45 20/40 5 0. 3 typ 12/2 
50 20/40 5 o. 9 12/2 
45 35/70 5 1.0 12/2 
50 35/70 5 o. 9 12/2 
30® 50/100 5 o. 5 5/0. 5 

50 20/40 5 1.0 12/2 
50 35/70 5 o. 7 12/2 
50 35/70 5 1.0 12/2 
45 10/30 10 1.0 10/1 
45 30/60 10 o. 7 10/1 
45 50/100 10 o. 5 10/1 

60 20/40 5 0. 7 12/2 
70 20/40 5 o. 7 12/2 
70 35/70 5 0. 7 12/2 
40@ 50/100 5 0. 5 5/0. 5 

80 20/40 5 o. 7 12/2 
70 25/50 5 o. 5 12/2 
70 25/50 5 o. 7 12/2 
70 25/50 5 0. 9 12/2 
70 25/50 5 o. 7 12/2 
70 35/70 5 o. 7 12/2 
80 35/70 5 o. 7 12/2 
60 10/30 10 I. 0 10/1 
70 20/50 10 1.0 10/1 
60 30/60 10 o. 7 10/1 
60 50/100 10 o. 5 10/1 

50® 50/100 5 0. 5 5/0. 5 
50® 17/40 5 1.0 12/2 
80 25/50 5 o. 7 12/2 
80 25/50 5 o. 7 12/2 
85 25/50 5 o. 5 12/2 
75 10/30 10 1.0 10/1 
75 30/60 10 o. 7 10/1 
75 50/100 10 o. 5 10/1 

~gffi 25/100 10 o. 3 10/1 
25/100 10 o. 3 10/1 

~~~ 25/100 10 o. 3 10/1 
25/100 10 o. 3 10/1 

100® 25/100 10 o. 3 10/1 
100® 25/100 10 o. 3 10/1 

60 75/- 10 o. 5 25/2. 5 
35 15/65 25 o. 8 25/l. 6 
35 15/65 25 0.8 25/1. 6 
60 15/65 25 o. 8 25/l. 6 
60 15/65 25 o. 8 25/1. 6 
75 15/65 25 o. 8 25/1. 6 
75 15/65 25 o. 8 25/1. 6 

45 50/100 5 o. 3 25/2 
45 80/160 5 o. 3 25/2 
60 50/100 5 o. 3 25/2 
60 80/160 5 0. 3 25/2 
75 50/100 5 o. 3 25/2 
75 80/160 5 o. 3 25/2 

50 40/130 20 0.1 50/5 

45 30/60 15 0. 45 50/5 
45 50/100 15 o. 45 50/5 
60 30/60 15 0.45 50/5 
60 50/100 15 o. 45 50/5 
75 30/60 15 o. 45 50/5 
75 50/100 15 o. 45 50/5 

I Vccs 1 -i;;, yr Tc T Power Gain T CEIHI)~ 
volts l lyp amps l dbtyp r volts 

16 50 o. 5 35 0. 6 
30 50 o. 5 35 0. 6 
30 45 o. 5 35 0. 4 
30 50 0. 5 30 o. 6 
30 90 o. 5 40 o. 4 

40 30 o. 7 31 o. 8 
40 45 0. 7 33 o. 8 
40 60 o. 7 35 0. 8 

® See data sheet for safe area operation 
0 BVCEO 
@ BVCER• R ~ 30 ohms 
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l h Po 
mctyp watts 

o. 30 150 o. 30 170 o. 30 150 o. 30 170 o. 55 90 
0.40 90 
0.40 90 
o. 30 150 
0. 30 170 o. 30 150 
0. 30 170 
0. 30 170 
o. 30 150 
5® 170 

o. 30 150 o. 55 90 o. 40 90 o. 40 90 
5® 170 

0. 30 170 
0. 30 170 o. 30 170 
o. 30 170 
5® 170 o. 30 150 o. 30 150 

o. 30 150 
o. 30 150 o. 30 170 o. 55 90 o. 40 90 
0.40 90 
0.40 90 

o. 30 170 o. 30 170 o. 30 150 o. 30 150 
5® 170 o. 30 90 

0,40 90 o. 40 90 

18,0 85~ 18. 0 85 ' 18.0 85' 
18.0 85® 
18.0 85® 
18. 0 85® 

30. 0 75® 
0.40 90 o. 40 90 o. 40 90 
0. 40 90 o. 40 90 
0.40 90 

o. 30 170 o. 30 170 o. 30 170 o. 30 170 o. 30 170 o. 30 170 

o. 30 170 

o. 30 170 o. 30 170 o. 30 170 
o. ::io 170 o. 30 170 o. 30 170 

::" J ,, 
amps .1 watts 

3/0. 3 65 
3/0. 3 65 
3/0. 3 90 
3/0. 3 90 
3/0. 3 90 

3/0. 3 90 
4/0.4 90 
5/0. 5 90 

@) BVCER' R -100 ohms 

® fae kc min 
CD Minimum 



GERMANIUM POWER TRANSISTOR SPECIFICATIONS 

L BREAKDOWN VOLTAGE i GAIN I SATURATION VOLTAGE I I l Vco 1 v .. I VcEs "" @ le VcEl .. tl @ lc/IB h Po 
Type volts volts volts min/max amps volts max amps mG!yp watts 

lc"'3amps(max) 

2N2137* 30 15 30 30/60 o. 5 o. 5 2/0.2 o. 60 62. 5 
2N2142* 30 15 30 50/100 o. 5 o. 5 2/0.2 0.60 62. 5 
2H2138* 45 25 45 30/60 o. 5 . o. 5 2/0.2 0.60 62. 5 
2N2143* 45 25 45 50/100 o. 5 o. 5 2/0. 2 o. 60 62. 5 
2N1359 50 25 40 35/90 1 1.0 2/0. 2 o. 35 90 
2N1360 50 25 40 60/140 1 0.8 2/0. 2 o. 35 90 
2H2139" 60 30 60 30/60 o. 5 o. 5 2/0. 2 o. 60 62. 5 
2N2144* 60 30 60 50/100 o. 5 o. 5 2/0.2 o. 60 62. 5 
2N2140• 75 40 75 30/60 o. 5 o. 5 2/0. 2 o. 60 62. 5 
2N2145* 75 40 75 50/100 o. 5 o. 5 2/0. 2 o. 60 62. 5 
2N375 80 40 60 35/90 1 I. 0 2/0. 2 o. 35 90 
2N618 80 40 60 60/140 1 O. B 2/0. 2 o. 35 90 
2N2141* 90 45 90 30/60 o. 5 o. 5 2/0. 2 0, 60 62. 5 
2N2146* 90 45 90 50/100 o. 5 o. 5 2/0. 2 0. 60 62. 5 
2N1362 100 50 75 35/90 1 1.0 2/0. 2 o. 35 90 
2Nl363 100 50 75 60/140 1 O. B 2/0. 2 o. 35 90 
2N1364 120 60 100 35/90 1 1.0 2/0.2 o. 35 90 
2M3165 120 60 100 60/140 1 O. B 2/0.2 o. 35 90 

le- ~amps(max) 

2N318 20 - 20 40/80 2 1.0 2/0.2 5® 106 
2N380 30 - 30 30/70 2 1.0 2/0.2 5® 106 
2N3311 30 20 30 60/120 3 0.1 3/0. 3 o. 45 170 
2N3314 30 20 30 100/200 3 0.1 3/0. 3 034& 170 
2N307 35 10 35 20/- o. 2 I. 0 2/0.2 106 
2N307A 35 10 35 30/- 0.2 o. 8 1/0.1 3.5® 106 
2H379 40 - 40 20/70 2 I. 0 2/0.2 5® 106 
2N1529* 40 20 30 20/40 3 I. 5 3/0. 3 0.35 90 
2N1534• 40 20 30 35/70 3 I. 2 3/0. 3 o. 35 90 
2N1539* 40 20 30 50/100 3 o. 6 3/0.3 0.40 90 
2N1544• 40 20 30 75/150 3 o. 3 3/0.3 0.40 90 
2N242 45 45 45© 30/120 o. 5 o. 8 2/0. 2 5® 106 
2N3312 45 25 45 60/120 3 0.1 3/0.3 o. 45 170 
2113315» 45 25 45 100/200 3 0.1 3/0. 3 0.45 170 
2N1530* 60 30 45 20/40 3 I. 5 3/0. 3 o. 35 90 
2N1535• 60 30 45 35/70 3 1. 2 3/0. 3 o. 35 90 
2N297At 60 40 50 40/100 o. 5 I. 0 2/0. 2 o. 35 90 
2111540" 60 30 45 50/100 3 0.6 3/0. 3 o. 40 90 
2N3313 60 30 60 60/120 3 0.1 ~/&: ~ O_ 45 170 
2N1545* 60 30 45 75/150 3 o. 3 0.40 90 
2N1316 60 30 60 100/200 3 0.1 3/0. 3 0.45 170 

2N1531* 80 40 60 20/40 3 I. 5 3/0.3 o. 35 90 
2N1011t 80 40 80 30/75 3 I. 5 3/0.2 o. 35 90 
2N1536* 80 40 60 35/70 3 1. 2 3/0. 3 o. 35 90 
2N665t 80 40 - 40/80 o. 5 o. 9 3/0. 22 20® 35 
2N1541* 80 40 60 50/100 3 o. 6 3/0. 3 0,40 90 
2N1546' 80 40 60 75/150 3 o. 3 3/0. 3 0.40 90 
2N1532* 100 50 75 20/40 3 I. 5 3/0. 3 o. 35 90 
2N1537* 100 50 75 35/70 3 I. 2 3/0. 3 o. 35 90 
2N1542* JOO 50 75 50/100 3 o. 6 3/0.3 0.40 90 
2N1547• 100 50 75 75/150 3 o. 3 3/0. 3 0.40 90 
2N459 105 10 60 20/70 2 I. 0 2/0.2 5® 106 
2N459A 105 25 60 40/70 2 o. 3 2/0.2 5® 106 
2N1533 120 60 90 20/40 3 1. 5 3/0. 3 o. 35 90 
2N1538 120 60 90 35/70 3 1. 2 3/0. 3 o. 35 90 
2H1543 120 60 90 50/100 3 o. 6 3/0.3 o. 40 90 
2N1548 120 60 90 75/150 3 o. 3 3/0.3 o. 40 90 

le- 7amps(max) 

MP21l60 40 20 30 30/200 3 o. 25 3/0. 3 0.6 85® 
2N3611 40 20 30 35/70 3 o. 25 3/0. 3 o. 7 ~~ffi 2N3613 40 20 30 60/120 3 0.25 3/0. 3 o. 7 
MP2061 60 20 45 30/200 3 o. 25 3/0. 3 o. 6 85® 
2N3612 60 30 45 35/70 3 o. 25 3/0.3 o. 7 85® 
2N3614 60 30 45 60/120 3 0.25 3/0.3 o. 7 85® 
MP2U62 75 20 60 30/200 3 o. 25 3/0. 3 0.6 85@ 
2N3615 80 40 60 30/60 3 0.25 3/0. 3 o. 7 g~~ 2N3617 80 40 60 45/90 3 0.,25 3/0.3 o. 7 
MP2063 90 20 75 30/200 3 0.25 3/0.3 0.6 

~~ffi 2N3616 100 50 75 30/60 3 u. 25 3/0. 3 0.7 
2N3618 100 50 75 45/90 3 0.25 3/0. 3 o. 7 8~ 

le- lOamps(max)-PNIP 

2N1073 40 I. 5 40® 20/60 5 1.0 5/0. 5 - 85 
2N2526 80 5.0 80@ 20/50 3 o. 8 10/1 o. 70 85 
2111073.1 80 I. 5 BO® 20/60 5 1.0 5/0. 5 - 85 
2N2527 120 5.0 120@ 20/50 3 0.8 10/1 0. 70 85 
2N1073B 120 I. 5 120® 20/60 5 1.0 5/0. 5 - 85 
2N2528 160 5.0 160@ 20/50 3 0.8 10/1 o. 70 85 

le - IO amps (max)- hKlustrial 

Case 4 
2N627 40 20 30 10/30 10 1.0 10/1 o. 55 90 
2N628 60 30 45 10/30 10 1.0 10/1 o. 55 90 
2N629 80 40 60 10/30 10 1.0 10/1 0. 55 90 
211630 100 50 75 10/30 10 1.0 10/1 o. 55 90 
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SILICON POWER TRANSISTOR SPECIFICATIONS 

BREAKDOWN VOLTAGE GAIN SATURATION VOLTAGE 

1 l 
h~ @ le VcE(••tl @ lc/IB Po® 

Vco v .. VcEo h @Tc=25"C 
Type volts rolb volts min/max amps volts max amps mcmm watts 

lc=Jamps(max)-PNP 

2N3tl21 30 4 30 20/60 I 1. 5 3/0.3 60 25 
2N3024 30 4 30 50/180 I 1.0 3/0. 3 60 25 
2N3719 40 4 40 25/180 I I. 5 3/0.3 60 6 
2N3022 45 4 45 20/60 I 1. 5 3/0. 3 60 25 

2N3025 45 4 45 50/180 I 1.0 3/0.3 60 25 
2N3023 60 4 60 20/60 I I. 5 3/0.3 60 25 
2N3720 60 4 60 25/180 I I. 5 3/0.3 60 6 
2N3026 60 4 60 50/180 I 1.0 3/0.3 60 25 

le- 5amps{maX)-NPN 

I 
2N1722 120 10 80 20/90 2 1.0 2/0. 2 15 117 
2N1724 120 10 80 20/90 2 1. 0 2/6.2 15 117 
2N1725 12G 10 80 50/150 2 1. 0 2/0.2 15 117 

le - 7.5 amps (max)- NPN 

2N3445 80 6 60 20/60 3 1. 5 3/0.3 10 117 
2N3487 80 10 60 20/60 3 1. 2 3/0. 3 10 117 
2N3447 80 6 60 40/120 5 1. 5 5/0.5 10 117 
2N3490 80 10 60 40/120 5 1. 5 5/0. 5 10 117 
2N3488 100 10 80 20/60 3 1.2 3/0.3 10 117 

2N3446 100 10 80 20/60 3 1. 5 3/0. 3 10 117 
2N3491 100 10 80 40/120 5 1. 5 5/0. 5 10 117 
2N344B 100 10 80 40/120 5 1.5 5/0. 5 10 117 
2N3489 120 10 100 15/45 3 1.2 3/0. 3 10 117 
2N3492 120 10 100 30/90 5 I. 5 5/0. 5 10 117 

le '--- lO amps (max)- NPN 

2N3235 55 7 55 20/70 4 I.I 4/0.4 I 117 
2N3232 60 6 60 15/75 3 2. 5 3/0. 2 I 117 
2N3713 80 7 60 25/90 I 1.0 5/0. 5 4 160 
2N3715 80 7 60 50/150 I 0.8 5/0. 5 4 150 

2N3055 100 7 60 20/70 4 1.1 4/0.4 I 117 
2N3714 100 7 80 25/90 I I. 0 5/0. 5 4 150 
2N3716 100 7 80 50/150 I o. 8 5/0. 5 4 150 

le lOamps(maxl PNP 
2N3789 60 7 60 25/90 I 1. 0 4/0.4 4 150 
2N3791 60 7 60 50/150 I 1.0 4/0.4 4 150 
2N3790 80 7 80 25/90 I 1.0 4/0. 4 4 150 
2N3792 80 7 80 50/150 I 1.0 4/0.4 4 150 

CD Solid Header ® See data sheet for safe area operation 
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---Motorola Power Transistors---

2N173 For Specifications, See 2N277 Data Sheet 

2N174 
2Nl 100 

Pc= 150W 
le= 15A 
Vcao = 80-IOOV 

2N1358 

CASE 5 
(T0-36) 

PNP germanium power transistors. 
tion and junction temperature ratings 
EIA registration. 

Power dissipa
exceed those of 

ABSOLUTE MAXIMUM RATINGS 

Characteristic Symbol 2N174 2N1100 2N1358 Unit 

Collector-Base Voltage BVCBO 80 100 80 Vdc 

Emitter-Base Voltage BVEBO 60 80 60 Vdc 

Emitter Current (Continuous) IE 15 15 15 Amps 

Base Current (Continuous) IB 4 4 4 Amps 

Junction and Storage Temperature TJ, Tstg -65 to +110 oc 

Thermal Resistance, Junction to Case OJC 0.5 °C/W 
(Motorola Units) 

POWER-TEMPERATURE DERATING CURVE 
§" 150 

"' ~ 120 

The maximum continuous power is related to maximum 
l---+--~k---!~=='1-----!junction temperature by the thermal resistance factor. 

· This curve has a value of 150 Watts at case tempera-z 
0 

90 
~ 
iii 60 

t-----t-~~=t---""....t----t----jtures of 25°C and is O Watts at 100°C with a linear relation 
t----,,,'---,,..,--,+--~><-!--'""-.:--+---lbetween the two temperatures such that: 

100° - Tc Q 
30 

"" ~ 
0 ~ 

.t 0 40 60 80 20 100 

T •• CASE TEMPERATURE ( °CJ 

2N174 AND 1358 

Jol-+--+--!l-l-+--+--tl-1-+--I 
5 msec 1 msec 500 ,usec 250 ,.sec 

COLLECTO!t..f:MITTER VOLTAGE (YOUS) 
The Safe Operating Area Curves indicate le -

V cE limits below which the device will not go into 
secondary breakdown. Collector load lines for spe
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 
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allowable Pn = 0.5 

2N1.100 
::i==:::i::==ii'.:=:::i::==ii==:::i::==i===i 
40 ,_____.. _ _,_ _ _,___,_-1--!--1 

301---!--'---+-->--1--!--1 

201-"1:-'it"~~~i-::::oot~±::-t--J 

0.1 .__. _ __.._ ....... _.J,..__ ..... _. _ _. 

o w w ~ ~ w ~ ro 
COLlECTOR..f:MIMR VOLTAGE (VOLTS) 

(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum TJ, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 



---Motorola Power Transistors---

2N174, 2Nl 100, 2Nl 358 (continued) 

ELECTRICAL CHARACTERISTICS 

Characteristic 
Collector-Base Cutoff Current 

2N174 
(V CB = -2 volts) 2N1100 

2N1358 

Collector-Base Cutoff Current 
(V EB= -1. 5 volts, V CB= -80 volts) 2N174 

-100 2N1100 
-80 2N1358 

Emitter-Base Cutoff Current 
(V EB = -60 volts) 2Nl74 

-80 2N1100 
-60 2N1358 

Collector-Base Cutoff Current 
(V CB= - 80 volts, 71 °C) 2Nl74 

-100 2N1100 
- 60 2N1358 

Emitter-Base Cutoff Current 
(VEB = -30 volts, 71°C) 2N1358 

Collector-Emitter Voltage 
(IC= 300 mA, VEB = 0) 2N174 

2N1100 
2N1358 

Collector-Emitter Voltage 
(Ic = 1. O amp, Is = O) 2N174 

1.0 amp, Is= o 2N1100 
300 mA, 18 = o 2N1358 

Floating Potential 
(IE = o, Vcs = - BO volts) 2N174 

-100 2N1100 
- 80 2N1358 

Current Gain 
Cic = 1. 2 amps, VCB = -2 volts) 2N1358 
(Ic = 5 amps, Vcs = -2 volts) 2N174 

2Nl100 
2N1358 

Cic = 12 amps, Vcs = -2 volts) 2N174 
2N1100 

Base-Emitter Voltage 
(le = 1. 2 amps, Vcs = -2 volts) 2N1358 
(le = 5 amps, V CB = -2 volts) 2N174 

2N1100 
2N1358 

Saturation Voltage 
Cic = 12 amps, 18 = 2 amps) 2N174 

2N1100 
2N1358 

Common-Emitter Current Amplification 
Cutoff Frequency 

Cic = 5 amp, V CE = 6 volts) 2N174 
2N1100 

Common-Base Current Amplification 
Cutoff Frequency 

Cic = 1 amp, V CB = -12 volts) 2N1358 

Rise Time ("on'' le = 12 Ade, 
ls= 2 Ade, VcE = -12 volts) All Types 

Fall Time ("off" le = 0, 
VEB = -6 volts, REB = 10 ohms) All Types 

SJmbol Minimum TJpical 

ICBO - 100 
- 100 
- 100 

ICB - 2 
- 2 
- 2 

1EBO - 1 
- 1 
- 1 

1CBO - -
- -
- 4 

1EBO - 4 

BVCES • 
-70 -
-80 -
-70 -

BVCEO • 
-55 -
-65 -
-40 -

VFE 
- -
- -- 0.15 

hFE 
40 55 
25 -
25 -
25 35 

- 20 
- 20 

VBE - 0. 35 
- 0. 65 
- 0. 65 
- 0. 65 

V CE(sat) 
- 0.3 
- 0. 3 
- 0. 3 

fae - 10 

fab 
100 -

tr 
- 15 

tf 
- 15 

Maximum 

--
200 

8 
8 
8 

8 
8 
8 

15 
15 

6 

6 

-
-
-

-
-
-

1. 0 
1. 0 
1. 0 

80 
50 
50 
-
-
-

0.5 
0.9 
0.9 
0.9 

0.9 
0.7 
0.7 

-

-

-

-

* In order to avoid excessive heating of the collector junction, perform test by the sweep method. 
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Unit 
µA 

mA 

mA 

mA 

mA 

Vdc 

Vdc 

volt 

-

Vdc 

Vdc 

kc 

kc 

µsec 

µsec 



---Motorola Power Transistors---

2N174, 2Nl 100, 2N1358 (continued) 

12 

10 

I . 
I . 
I .. 

Ll 
rL 

0 0 

2N176 
2N669 

CURRENT TRANSFER CHARACTERISTICS 

v 
ia:... i::;;;; 
~ ~ 

~ ~ 
~.,., 

"b. l"'"2s•c 

IJ~ 
40°C 

) 

'L 

0.15 o.3 0.45 0.6 .,. 
1., BASECURREHT(AMPER£S) 

12 

10 

; 
I 
~ 
ii 
g 
~ .. 

0 0 

TRANSCONDUCTANCE CHARACTERISTICS 

l7) 
i/Y/ .. _.,_.__ 17~ 25°C 

- 40·i y.17 
lL ~ lLlL 

~ y 
0.2 0.6 0.8 

v~~· BASE VOLTAGE (VOi.TS! 

Pc=90W 
lc=3A 
Vceo =40V 

CASE2~ 
(T0-3) ~ 

PNP germanium power transistors for economical 
power switching circuits and commercial grade power 
amplifier applications. 

ABSOLUTE MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Collector-Base Voltage VCBO 40 Vdc 

Collector-Emitter Voltage VCE1* 30 Vdc 

Collector Current (Continuous) IC 3 Amps 

storage and Junction Temperature Ti' Tstg -65 to +100 'C 

Collector Dissipation Pc 90 Watts 
(At 25'C Case Temperature) 

Thermal Resistance eJC 0. 8 'C/W 
(Junction to Case) 

*2Nl76 figure is Vee•, 2N669 figure is Vees 

2N669, 2N176 

SAFE OPERATING AREAS 

!---------+--de 

.: ~===~===~=::'.::I~~===~==~ 
31--~+--~+--~+-~+---j 

21--~+--~+--~+-~+---j 

COLLECTOR-EMITTUVOLTAGE(VOLTSJ 

The Safe Operating Area Curves indicate 
le - Vee limits below which the device will 
not go into secondary breakdown. Collect<>r 
load lines for specific circuits must fall 
within the applicable Safe Area to avbid 
causing a collector-emitter short .. (Case 
temperature and duty cycle of the excur
sions make no significant change in these 
safe areas.) To insure operation below the 
maximum TJ, the.power-temperature de
rating curve must be observed for both 
steady state and pulse power conditions. 
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---Motorola Power Transistors---

2N176, 2N669 (continued) 

ELECTRICAL CHARACTERISTICS (At 25''C case temperature unless e>therwi.se specifiedl 

Characteristic 

Collector-Base Cutoff Current 
Vea= 30 v, IE= 0 
Vea= 2.0 v, IE= 0 

Vca=30V, IE= 0, Tc = 90'C 

Emitter-Base Cutoff Current 
VEB = 10 V, 'c = o 

Collector-Emitter Breakdown Voltage 
'c = 330 mA, RBE = 10 Ohms 

Collector-Emitter Saturation Voltage 
Ic = 3 A, 18 = 300 mA 

DC Forward Current Transfer Ratio 
VcE=2.0V, Ic = 0. 5 A 

Power Gain 
P0 = 2 Watts, VcE = 12 V, 'c = 0.5 Amp, 
f = 1 kc, Rs= 10 Ohms, RL = 26.6 Ohms 

Total Harmonic Distortion 
(under same conditions of power gain) 

Small-Signal Current Gain Cutoff Frequency 
VcE = 12 V, 1c = 0.5 Amp, f = 1 kc ref 

Small-Signal Forward-Current Transfer Ratio 
VcE = 2.0 V, 'c = 0.5 Amp, f = 1 kc 

Small-Signal Input Impedance 
VCE = 2.0 V, 'c = 0.5 Amp, f = 1 kc 

0.2,t 

0'2 

0.20 

! :::: 
!!. Ii 0.14 

! 0.12 

i 0.1 

.lo.oa 

o .. 

llPUT CURl£NT nr• UllTTER DINE VOLTAIE 
(Both Types) 

µ: 
v~ =2~TS ii-

rl 
~ 

L1 
L 

i:::1 
L: 

O U ~ U U 1~ 1.2 IA 1~ 1• ~ 
v • .,BASE.£MITTllVOLTMIE(VO(TS) 

Symbol 

1cao 
Both Types 

!EBO 
Both Types 

2N176 BVCER 
2N669 BVcEs 

Both Types 
VcE(SAT) 

2N176 
hFE 

2N669 

GpE 

2N176 
2N669 

Both Types 

2N176 
fae 

2N669 

hFE 
2N176 
2N669 

2N176 
hFE 

2N669 

100 

10 

0 
0 
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Minimum Typical Maximum 

- -
- 50 
- -

- -

30 -
30 -

- 0.4 

25 -
75 -

34 -
38 -

4 7 
3 5 

- 45 
- 90 

7 -
10 -

PDWER-TEIWERATUIE DERATJlll CURVE 
!Both Types) 

""\ 
r'\ 

f'\ 
~ 
~ 

" ' 

3 
-
20 

2 

-
-

-

-
250 

37 
-

-
-

-
-

25 
50 

"1 

" " TcoCASETEMPERATURE("C) 

[S 
" 

Unit 

mA 
µA 

mA 

mA 

Vdc 

Vdc 

-

de 

% 

kc 

-

Ohms 



---Motorola Power Transistors---

2N178 
2N554, 
2N555 

Po=40W 
lc=3A 
Vceo = 15-30 V 

CASE 2 
(T0-3) 

PNP germanium power transistor for non-critical 
power amplifier and power switching applications re
quiring economical components. 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Junction and Storage Temperature Range 

Collector Power Dissipation (at TC = 80°C) 

POWER-TEMPERATURE DERATING CURVE 
(All Types) 

Symbol 2Nl78 

VCBO 30 

VCER 30 

VEBO 20 

IC 3 

T J Tstg 

Pc 10 

50 

2N554 2N555 Unit 

15 30 Vdc 

16 30 Vdc 

15 15 Vdc 

3 3 Amps 

-40 to +90 "C 

IO 10 Watts 

JS: 
~ 
~ -..;; 

""" I'\ 
~ 

0 4lr sir !Hr 10 0 

T 0 , CASE TEMPERATURE (°C) 

2N178, 2N555 SAFE OPERATING AREAS 2N554 

40-WATT 
POWER DISSIPATION AT 
JOVHMPERATURE 

~ 
~2Nl78 

2N555 

~5m"' 
OR USS 

":::>;-
0.5 

:I 
0.3 

0.2 

0.1 
0 ID 20 30 

COlLECTOR.fMITTER VOLTAGE (VOUS) 

The Safe Operating Area Curves indicate le --,
V cE limits below which the device will not go into 
secondary breakdown. Collector load lines for spe
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 
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(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum T J, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 



---Motorola Power Transistors---

2N 178, ~N554, 2N555 (continued) 
ELECTRICAL CHARACTERISTICS <At 2s 0 c case temperature unless otherwise specified! 

Characteristic Symbol Min Typical Max Unit 

Collector-Base Cutoff Current 1cBo 
mA 

(V CB = 30 V, IE = O) 2Nl78 - - 3. 0 

(VCB = 15V, IE = 0) 2N554 - - 10. 0 

(VCB = 30 V, IE = 0) 2N555 - - 20. 0 

Collector-Base Cutoff Current IcBo µA 

(V CB = 2 V, IE = 0) 2N178 - 50 -
Emitter-Base Cutoff Current 1EBO 

mA 
(V EB = 10 V, IC = O) 2N178 - - 2. 0 

Collector-Base Cutoff Current 1coo 
mA 

(V CB = 30 V, IE = O, 

Tc = 90°c) 2N178 - - 20. 0 

Collector-Emitter Breakdown Voltage BVCER Vdc 
(IC = 330 mA, RBE = 10 Q) 2N178 30 - -

2N554 16 - -
2N555 30 - -

Power Gain Ge db 
(Po= 2 Watts; VCE = 12 V, 'c = o. 5 A, 2N178 28 - 33 ' 

f = 1 kc, Rs = 10 Ohms, RL = 26. 6 Ohms) 2N554 25 - -
2N555 25 - -

Total Harmonic Distortion % 
(under same .conditions as power gain) 2N178 - - 5 

DC Forward· Current Transfer Ratio hFE -
(VCE = 2V, IC= 0.5A) 2N178 15 - 45 

2N554 - 50 -
2N555 - 50 -

Small-Signal Current Gain Cutoff Frequency f ae kc 
(VCE = 12 V, IC= 0.5A, 2N178 5 - -

f=lkcref) 2N554 - 6 -
2N555 - 6 -

Small-Signal Forward Current Transfer-Ratio hfe -
(Base Input) 

V CE = 2 V, IC = O. 5 A, 2N178 - 50 -
f = 1 kc ref) 2N554 - 55 -

2N555 - 55 -
Small-Signal Input Impedance (Base Input) h. Ohms 

(V CE = 2 V, IC = 0. 5 A, 2Nl78 ie 
8 25 ~ 

f = !kc) 2N554 - 25 -
2N555 - 25 -

Collector-Emitter Saturation Voltage V CE(sat) Vdc 
(IC = 3 A, IB = 300 mA) All Types - o. 6 -

COLLECTOR CHARACTERISTICS INPUT CURRENT versus INPUT DRIVE VOLTAGE 
3 .o r.;.,..;;;;1;;;o10'""'-r90-r-i--i--i--i--i--i111111-r1 

70 

240 

220 

~ 200 

~ 180 ,. 
3 160 

~ 140 

I 120 

100 
~ 80 

~ 60 

-" 40 

20 

ti} 
Ve~: = 2 VOLTS Ii 

i 
L v z 

~ L 
l.--' 

0 
10 20 30 40 0 0.2 Q.4 0.6 0.8 l.O 1.2 1.4 1.6 1.8 2.0 

V,.,,, COLLECTOR·EM ITTER VOLT AGE (VOL TS} V", INPUT DRIVE VOLTAGE (VOLTS} 
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---Motorola Power Transistors---

2N242 
2N307, A 

Pc= 90W 
lc=5A 
Vcao = 35-45 V 

PNP germanium power transistors for general pur
pose power amplifier and switching applications. 

ABSOLUTE MAXIMUM RATINGS 

Characteristic Symbol 2N242 2N307, 307A Unit 

Collector-Base Voltage VCSO 45 35 Volts 

Collector-Emitter Voltage (~E = 3011) VCER -45 Volts 

Collector-Emitter Voltage VCEO 35 Volts 

-----
Emitter-Base Voltage VESO 10 Volts 

Collector Current Ic Amps 

Junction Temperature Raiige TJ -65 to + 110 -65 to +110 oc 

Collector Dissipation (at TC = 25°C) Pc 90 90 Watts 

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

Characteristic Symbol Min Max Unit 

Collector-Base Cutoff Current Icso mAdc 
(Yes = -2 Vdc) 2N307 - 0. 5 
(Yes= -25 Vdc) 2N307 - 5 

2N307A - 2 

<vcs = -1 Vdc, IE= 0, Tc= 85°c) 2N242 - 5 

Emitter-Base Cutoff Current "1Eilo- --- ---
mAdc 

(YES= ·!OVdc) All Types - 2 

---- --- --- ---
Collector-Emitter Cutoff Current lcER mAdc 

(VcE = -45Vdc, RsE =3011) 2N242 - 5 
(VcE = -25 Vdc, RsE =3011) 2N242 - 1 
(VcE = -35Vdc, RsE =3011) 2N307 - 15 

2N307A - 7 

---- --- --- ---
Base-Emitter Voltage VsE Vdc 

(VcE = -1. 5 Vdc, le= 1. OAdc) 2N242 -0. 3 -0. 8 

Collector-Emitter Saturation Voltage VcE(sat) 
--- --- ~ 

(le = 2. O Ade, Is = 200 mAdc) 2N242 - -0. 8 
(IC = 0. 2 Ade, Is = 20 mAdc) 2N307 - -1. 0 
(IC= 1. 0 Ade, Is= 100 mAdc) 2N307A - -0. 8 

---- --- --- ---
DC Current Gain hFE -

IVcE = -12 Vdc, Ic = 500 mAdc) 2N242 30 120 
(V CE = -1 Vdc, Ic = 200 mAdc) 2N307 20 -

2N307A 30 -

---- ---- --- ---
Common Emitter Cutoff Frequency lae kc 

(VcE = -12 V, le= 0. 5A) 2N242 5 -
2N307A 3. 5 -

(VcE = -6Y, le= IA) 2N307 3 -

---- --- ---- _d_b __ 
Power Gain Ge 

Oc = 0. 5 A, v CE = -14 v, RL = 3011. 2N242 30 

Rg=l011) 
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2N277 
2N278 
2N173 

2N1099 

CASE 5 
(T0-36) 

---Motorola Power Transistors-

Po= 150W 
le= 15A 
V cao = 40-60 V 

PNP germanium power transistors for general pur
pose power amplifier and switching applications. Pow
er and temperature ratings exceed EIA registration. 

ABSOLUTE MAXIMUM RATINGS 

Characteristic Symbol 2N277 2N278 2N173 2N1099 Unit 

Collector-Base Vceo 40 50 60 80 Vdc 
Voltage --- ---- ---- ----· ---- ---

Emitter-Base VEBO 20 30 40 40 Vdc 
Voltage --- -· - ---- ---- ---

Emitter Current IE 15 15 15 15 Amp 
!Continuous} --- -4-- -4-- -4-- --4-- Amil Base Current I. 
(Continuous} ---- ---- ---- ---- --.-.-. ---· 

Junction and Storage Tstg -65 rn+100 
oc 

Temperature 
---- -Thermal Resistance 

Jlmctron to Case OJC 0.5 °C/W 

SAFE OPERATING AREAS 
2N173 2N1099 2N277 2N278 

The Safe Operating Area Curves indicate le -
V CE limits below which the device will not go into 
secondary breakdown. Collector load lines for spe
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 

(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum T1, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 
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--Motorola Power Transistors---

2N277, 2N278, 2N173, 2N1099 (continued) 

ELECTRICAL CHARACTERISTICS (At 2s•c case temperature) 

Characteristic Symbol Minimum Typical Maximum Unit 

Collector-Base Cutoff Current 1eBO µA 
VeBO = -2 V All Types - 100 -

Collector-Base Cutoff Current 1eB mA 
VEB = -1.5 V, VeB = -40 V 2N277 - 2 8 

-50 2N278 - 2 8 
-60 2Nl73 - 2 8 
-80 2N1099 - 2 8 

Emitter-Base Cutoff Current 1EBO mA 
VEBO = -20 V 2N277 - 1 8 

-30 2N278 - 1 8 
-40 2Nl73 - 1 8 
-40 2N1099 - 1 8 

Collector-Base Cutoff Current 1eBO mA 
v eBO = -40 v, n·e 2N277 - - 15 

-50 2N278 - - 15 
-60 2N173 - - 15 
-80 2N1099 - - 15 

Collector-Emitter Voltage BVeEs* Vdc 
1c = 300 mA, VEB = 0 2N277 -40 - -

2N278 -45 - -
2N173 -50 - -
2N1099 -70 - -

Collector-Emitter Voltage BVeEo* Vdc 
le = 1 Amp, IB = 0 2N277 -25 - -

2N278 -30 - -
2Nl73 -45 - -
2N1099 -55 - -

Floating Potential Vn volt 
IE= 0, VeB = -40 V 2N277 - 0.15 1.0 

-50 2N278 - 0.15 1.0 
-60 2N173 - 0.15 1.0 
-80 2N1099 - 0.15 1.0 

Current Gain hFE -
Ic = 5 Amps, VeB = -2 V All Types 35 - 70 

le = 12 Amps, VeB = -2 v - 25 -

Base-Emitter Voltage VBE Vdc 
le = 5 Amps, VeB = -2 v 2N277 - 0.65 -

2N278 - 0.65 -
2N173 - 0.65 -
2N1099 - 0.65 0.9 

Saturation Voltage VeE(SAT) Vdc 
Ie = 12 Amps, 18 = 2 Amps 2N277 - 0.3 -

2N278 - 0.3 1.0 
2N173 - 0.3 1.0 
2Nl099 - 0.3 0.7 

Common-Emitter Current Amplification 1ae kc 
Cutoff Frequency 
le =5Amps, VeE = -6V All Types - 10 -

Rise Time tr µsec 
"on" Ie = 12 Ade, All Types - 15 -
IB = 2 Ade, VeE = -12 v 

Fall, Time tr µsec 
"off" le = o, - 15 -

VEB = -6 V, REB = 10 Ohms 

* To avoid excessive heating of the collector junction, perform these tests with the sweep method. 
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---Motorola Power Transistors---

2N277, 2N278, 2N173, 2N1099 (continued) 

- 160 ! ::: 
~ 100 
if 80 
Bi 60 

~ 40 

~ 20 
0 

rt 0 

POWER-TEMPERATURE DERATING CURVE 

J_ I 
~ _l _l 

~Motorola 

~ --- -... , cs:: ...... ~ 
EIA registered ... .._,,_ IS 

';-s; 
20 40 60 so 

To. CASE TEMPERATURE (•CJ 

The maximum continuous 
power is related to maxi
mum junction temperature 
by the thermal resistance 
factor. 

This curve has a value of 
150 Watts at case tempera
tures of25°C and is O.Watts 
at 100°C with a linear rela
tion between the two tem
peratures such that : 

allowable Pn = too• - Tc 
0.5 

100 

CURRENT TRANSFER CHARACTERISTICS 

_// 

0.1 0.2 0.3 0.4 

18 , BASE CURRENT (AMPERFS) 

0.5 

INPUT CHARACTERISTICS 
0.6 r--..--...--.--..--r--r--r--r-ir--i 
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I 0.4 
,. 
s .... i 0.3 

<.> 
~ 

~ = 0.2 

0.1 
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---Motorola Power Transistors---

2N297 A 
Pc=90W 
le=SA 
Vcao=60V 

CASE 
(T0-3) 

PNP germanium power transistors for military and 
industrial power sWi.tching and amplifier applications. 
Operating temperature range and collector dissipation 
rating excedes military specifications. 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Emitter Current 

Operating Temperature Range 
(MIL-T-19500A/36) 

Operating Temperature Range 
(MOTOROLA 2N297A) 

Collector Dissipation at 75°C 
Case Temperature (MIL-T-19500A/36) 

Collector Dissipation at 25 ° C 
Case Temperature (MOTOROLA 2N297A) 
(eJC = 0. 8°C/W max) 

POWER- TEMPERATURE 
OERATING CURVE 

100 

90 

80 

60 

40 

Symbol 

VCBO 

VCEB 

VCEO 

VEBO 

~ 
-

-

Pc 

Pc 

r- -I 

Rating Unit 

60 Vdc 

50 Vdc 

40 Vdc 

40 Vdc 

5 Amps 

--1i5 to +95 oc 

-85 to +110 oc 

10 Watts 

85 Watts 

MO~ORt ~ 

~ _2 2N297A 

~v 

~ 
~ -- IS ... ~ lS 20 

10 

0 

Mll·T·:1_5Ci0~;36 / 
..... , 

...... IS ,.,,.- IS t- ..... 
0 20 40 60 80 100 110 

T co CASE TEMPERATURE (°C) 
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---Motorola Power Transistors--· -

2N297 A (continued) 
ELECTRICAL CHARACTERISTICS <At 25°c unless otherwise specified) 

Characteristic Symbol Minimum Maximum Unit 

DC Current Transfer Ratio hFE 40 100 -

VcE = 2V 

Ic = O. 5 Ade 

DC Current Transfer Ratio hFE 20 - -
VcE = 2V 

le = 2.0 Ade 

Small-Signal Current Transfer Ratio fae 5 - kc 
Cutoff Frequency 

VcE = 14 Vdc 

le= 0.5 Amp 

Emitter-Base Cutoff Current !EBO - 3.0 mAdc 

VEB = 40 Vdc 

Ic = 0 

Collector-Base Cutoff Current 1CBO - 200 µAde 

VcB = 2 Vdc 

IE= 0 

Collector-Base Cutoff Current le Bo - 3.0 mAdc 

VcB = 60 Vdc 

IE= 0 

I 
Base Current IB 5. 0 12. 5 mAdc 

VcE = 2 Vdc 

le= 0. 5 Ade 

Base Current IB - 100 nu\. de 

VCE = 2 Vdc 

le= 2 Ade 

Emitter-Base Voltage VEB - 1. 5 Vdc 

VcE = 2 Vdc 

le= 2 Ade 

Floating Potential Vfl o.o 0. 18 Vdc 

VcB = 60 Vdc 

(Voltmeter input resistance 
= 10 Megohm min) 

Collector-Emitter Saturation Voltage VCE(SAT) o. 0 1. 0 Vdc 

le= 2 Ade 

IB = 200 mAdc 

Collector-Emitter Voltage BVcEo 40 - Vdc 

le= 300 mAdc 
IB = 0 

Collector-Emitter Voltage BVcES 50 - Vdc 

le= 300 mAdc 

VEB = 0 

Small-Signal Short-Circuit Forward-Current fae 5 - kc 
Transfer Ratio Cutoff Frequency 

VcE = 14 Vdc 

le= O. 5 Ade 

High-Temperature Operation 

Tc = +71°C min 

Collector Cutoff Current 1CBO - 6.0 mAdc 

VcB = 30 Vdc 
IE= 0 
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---Motorola Power Transistors---

2N307 
2N307 A For Specifications, See 2N242 Data Sheet 

2N350A 
2N351A 

Pc=90W 
le= 3-5 A 
Vceo = SOV 

2N376A 

CASE2~ 
(T0-3) ~ 

PNP germanium power transistors for economical 
power switching applications and for p-ower amplifiers 
requiring up to 4 watts of output power at relatively 
low distortion. 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Collector-Base Voltage VCBO 50 Vdc 

Collector-Emitter Voltage VCES 40 Vdc 

Collector Dissipation Pc 90 Watts 
at 25°C mounting base temperature 

Collector Junction Temperature Tj -65 to +100 "C 

Thermal Resistance eJC 0.8 °C/W 
(Junction to Case) 

CURRENT GAIN versus 
COLLECTOR CURRENT (COMMON EMITTER) SAFE OPERATING AREAS 

POWER TEMPERATURE 
DERATING CURVE 

IOOr--.-~-~--.--~-~ 

2N376A 

2N35IA 
.1 J. Smsec 

..l ::s. .t::: OR LESS 

90 

~ 
z: BO 2N350A h :;;: .. 
.... ii' z: 
~60 ~ K' \ "' ~ 1 :::. !! ., ., ~ 
Q 

.J40 ~ 0.5 ~ g 0.4 

~ 
0.3 

20 
0.2 

_J 
0 o'--"',--.. 2--.. ,--4"---'5 °·1 0---10--2·0--',,--....... - .... so 0o 20 40 &o ao 100 

COLLECTOR CURRENT (AMPERES) COLL£CTDR~MITTER v0trACE NOtTSl MOUNTlfiG BASE TEMPERATURE (°C) 

The Safe Operating Area Curves indicate Ic -
V cE limits below which the device will not go into 
secondary breakdown. Collector load Jines for spe
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 

(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum Ts, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 
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---Motorola Power Transistors---

2N350A, 2N351 A, 2N376A (continued) 

ELECTRICAL CHARACTERISTICS (at mounting base temperature 2s•c ± 3°C.) 

GENERAL Symbol Minimum Typical Maximum Unit 

Collector Cutoff Current 1CBO 
VcB""30V - - 3.0 mA 

VcB = 2 V - 50 - µA 

VcB=30V, T = lOO"C - - 30 mA 

Emitter Cutoff Current 1EBO 
VEB = 10 V - - 2.0 mA 

Collector BreakdoWn Voltage BVCES 
Vdc le= 1 A (Rs:m = 100) 40 - -

le= 330mA, Rs:m = 0 
(This test should be made 
under dynamic conditions only) 

ELECTRICAL CHARACTERISTICS (at mounting base temperature 2s•c ± 3°C.) 

I 
COMMON EMITTER 2N350A 2N351A 2N376A Unit 

Sym Min TJll Max Min Typ Max Min TJll Max 

Power Gain (± 0.5 db) GpE db 
P 0 = 4 Watts, VcE = 12 v, - - 33 32 - 35 34 - 37 
le = o. 7 A, f = 1 kc 

Total Harmonic Distortion - - 7% - - 7% - - 7% 
under same conditions as power gain 

DC Forward Current Gain hFE 
V CE = 2 V, le = 0. 7 A 20 - 60 25 - 90 35 - 120 

Current Gain Frequency Cutoff fae kc 
VcE = 12 V, le= 0.7 A, 

5 - - 5 - - 5 - -f=lkcref 

Small-Signal Forward Current Gain hre 
f =·1 kc, VcE = 2 V, le= 0.7 A - 30 - - 45 - - 60 -

Small-Signal lnput Impedance hre Ohms 
f = 1 kc, VcE = 2 v, le = 0. 7 A 

Collector Saturation Voltage VCE(SAT) Vdc 
le = 3 A, IB = 300 mA - 0.8 1.75 - - ·- - - -

Base-Emi tier Voltage VBE Vdc 
le = 3 A, IB = 300 mA - 1.0 2.00 - - - - - -

Collector Saturation Voltage VCE(SAT) Vdc 
le = 4 A, IB = 400 mA - - - - 0.8 1.75 - - -

Base-Emitter Voltage VBE Vdc 
le = 4 A, IB = 400 mA - - - - 1.0 2.00 - - -

Collector Saturation Voltage VCE(SAT) Vdc 
le = 5 A, IB = 500 mA - - - - - - - 0.8 1.75 

Base-Emitter Voltage VBE Vdc 
le = 5 A, IB = 500 mA - - - - - - - 1.0 2.00 
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---Motorola Power Transistors---

2N350A, 2N351 A, 2N376A (continued) 

OUTPUT CURRENT versus 
EMITTER-DRIVE VOLTAGE 

o.o~~-~~-~-,---.-,L-r-r--.---, 

•.• t---+-+---!--1--f--__,,.-+--+---I 

•. o,___~---+---+--+--<L'-+-_..v-+---1 
~ 2N376A['-.,, v z 
r·l--+--+--t-j_"'-J--_J_JF-c~.-t--+---1 
.... 3.0l---+-+---!--+-7-+,,_,,._-+--+-....., 
~ 2N30IA b,.. ..u 
~ 2.5 _l!l'_Lf---2•3"0A 
t; 2 ·0·~-+-+>11~ /T'T-1--+--+--t---i 
~ v //_ 
8 t.51--+-+--frfi''-t---tr--t--r--t---I 

1.ot--+-t-_&lmt-IV-t-+----,r--+---1---1 

2N375 
2N618 

2N1359 

2N1360 

~-p \lcE= 2VOLTS 

.. 1.0 1.2 1.4 1.6 1.8 

V,., BASE TO EMITTER VOLTAGE (VOLTS) 

2N1362 thru 2N1365 

INPUT CURRENT versus 
EMITTER-DRIVE VOLTAGE 

160 1 
- 2N350 A} I/ 
~ t---t-- 2N351 A 7'..-...-+---JFIL_f---+----1 
~ 2N376A ~JI 
~ 1201---+--+--+--+----tL..ZJ__,+----t--+---< 

~ lZ 
ffi 
~ 90 _L1 

~ ± 
401---1--+---1.~+---!-+--+--+---t 

PL 
VcE = 2 VOLTS 

0"""~-...___._..1---1-............. - ........ __. 
0 .2 .4 .6 .8 1.0 1.2 1.'4 

V,., BASE TO EMITTER VOLTAGE (VOLTS) 

Pc=90W 
lc=3A 

1.6 1.8 

Vceo = 50-120 V 

CASEl ~ 
(T0-3) ~ 

PNP germanium power transistors for general pur
pose switching and amplifier applications. 

MAXIMUM RATINGS 

2N1359 2N375 2N1362 2N1364 
Characteristic Symbol 2N1360 2N618 2N1363 2N1365 Unit 

Collector-Base Voltage _Veno 50 80 100 120 Vdc --- ---- ---
Collector-Emitter Voltage VcEi.: 40 60 75 100 Vdc --- ---- --
Emitter-Base Voltage ~ 25 40 50 60 Vdc --- ----- ---
Collector Current (Continuous) __ I_c_ 3 3 3 3 -~l_TIE!._ --- --- ---- --·-
Collector Current (Peak) __ I_c_ 10 10 10 10 _Ame!_ --- --- --- -----
Collector Junction 

Temperature Range _Tu_ -6STO+ llO oc --- --- ---
Collector Dissipation 

(25°C Case Temperature) Pc 106 106 106 106 Watts --- --- --- --- --- ---
Thermal Resistance fl Jc 0.8 0.8 0.8 0.8 °C/W 
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---Motorola Power Transistors---

2N375, 2N618, 2N1359, 2N1360, 2N1362 thru 2N1365 (continued) 

ELECTRICAL CHARACTERISTICS <At= 25'C unless otherwise noted) 

Characteristic Types Symbol Minimum Typical Maximum 

Collector-Base Cutoff Current 2N1359, 2N1360 1CBO 
(VCB = 40V, IE= 0) -- -- 3.0 
(V CB = 50 V, IE = 0) -- -- 20.0 

(Yes= 60 v, IE = 0) 2N375, 2N618 -- -- 3.0 

(Yes= 80 v, IE = 0) -- -- 20. 0 

(Yes= 75 v, IE = 0) 2Nl362, 2Nl363 -- -- 3.0 
(Yes= 100 V, IE= 0) -- -- 20.0 

(Vcs = 100 v, IE = 0) 2Nl364, 2N1365 -- -- 3. 0 
(Yes= 120 v, IE = O) -- -- 20.0 

Collector-Base Cutoff Current 
at Tc = +90°C All Types 1CBO -- -- 20 
Yes= 1/2 BV CES rating 

Emitter-Base Cutoff Current 
(VEB = 12 V, le = 0) All Types 1EBO -- -- 0.5 

(VEB = 25 v, Ic = 0) 2Nl359, 2Nl360 -- -- 20 
(VEB = 50 v, Ic = 0) 2Nl362, 2N1363 -- -- 20 
(VEB = 60 v, Ic = 0) 2Nl364, 2Nl365 -- -- 20 

Collector-Emitter Breakdown 
Voltage 
IC = 500 mA, VEB = 0) 2Nl359, 2N1360 BVCES 40 -- --

2N375, 2N618 60 -- --
2Nl362, 2N1363 75 -- --
2Nl364, 2Nl365 100 -- --

DC Current Transfer Ratio hFE 
(VcE = 4 V, IC = 1. OA) 2N1359, 375, 1362, 64 35 55 90 

2N1360, 618, 1363, 65 60 90 140 
(VcE = 4 V, IC = 1. OA) 2N1359, 375, 1362, 64 15 22 --

2N1360, 618, 1363, 65 20 35 --

Transconductance 
(VcE = 4 v, re = 1. OA) 2N375 gFE o. 8 1. 25 2. 2 

2N618 1. 0 1. 6 2. 5 
2Nl359, 2N1362, 2Nl364 0. 8 1. 25 --
2Nl360, 2Nl363, 2N1365 1. 0 1. 6 --

Frequency Cutoff f 
(VcE 4 v, ic = 1 A) 2N375 

ae 
7 10 = --

(VcE = 4 v, ic = 1 A) 2N618 5 8. 5 --
(VcE = 4 v, Ic = 3 A) 2Nl359, 2N1362, 2N1364 7 10 --
(VcE = 4 v, re = 3 Al 2N1360, 2N1363, 2N1365 5 8. 5 --

Collector Saturation Voltage VcE(sat) 
(IC = 2.0 A, le = 200mA) 2Nl359, 375, 1362, 64 -- 0. 4 1. 0 

2Nl360, 618, 1363, 65 -- 0.3 0.8 

Base-Emitter Drive Voltage VBE 
(IC = 2. OA, !3 = 200 mA) 2Nl359, 375, 1362, 64 -- 0. 7 --

2Nl360, 618, 1363, 65 -- 0.6 --

Colleetor-Emitter Punch-
Through Voltage VEBF 
(Yes = 50 V, Ic = 0) 2Nl359, 2N1360 -- -- 1. 25 
(Yes = 100 v, Ic = 0) 2N1362, 2N1363 -- -- 1. 25 
(Vcs = 120 v, re = 0) 2N1364, 2Nl365 -- -- 1. 25 
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---Motorola Power Transistors---

2N375 (continued) 

POWER-TEMPERATURE DERATING CURVE 

llO 

The maximum continuous power is 
related to maximum junction tempera
ture, by the thermal resistance fac-
tor. For d. c. or frequencies below 

z 
~ 

~@ 
~! 
ffi 0: 
3' 
~ 

_ __ w1thm the constant Pn =Ve x le ~
. ¥! 2~ c?s the transistor must be operated 

hyperbolic curve. This curve has a 
S value of 106 Watts at case tempera

~--+---4----l--""..+-----<>-1 tures of 25°c and is 0 Watts at 110°c /~I 
with a linear relation between the two 

40 60 80 100 temperatures such that 0 
T CASE TEMPERATURE ('Cl Pn allowable = 110 - Tc 

co • 08 

0 20 

BASE-EMITTER VOLTAGE versus COLLECTOR CURRENT 
1.5 

g ~~!~:s 
~ 1.25 L... _ _,V==::..o.2 .:JV'--- ?:.::...-~ _ _J__---1 
~ 

~ 
"' t= 
~ 0.75 l---+--1--+-~""'-~-

~ 
j 0.5 

0.5 1 1.5 2 2.5 3.5 
le, COLLECTOR CURRENT (AMPS) 

2N375,2N618 

0.2 '----'--1.--1-- TO 90V, 3 mA ---1--i 
WITH BACK BIAS APPLIED I\ 
(PU,SE curs or)~\ 

0.1 L--L....-L....--IL....--IL....--IL....--1---1--IU.I 
0 JO 20 30 40 50 60 70 80 

COLLECTOR-EMITTER VOLTAGE (VOLTS) 
The Safe Operating Area Curves indicate le -

V CE limits below which the device will not go into 
secondary breakdown. Collector load lines for spe
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 

z 

~ ... z 

"' "' " <.> 

~ 
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CURRENT GAIN versus COLLECTOR CURRENT 
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le, COLLECTOR CURRENT (AMPS) 

2N1362,2N1363 

5 JO J5 20 25 30 35 40 45 50 55 60 65 

COLLECTOR-EMITTER VOLTAGE (VOLTS) 
(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum T1, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 
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---Motorola Power Transistors---

2N376A 
For Specifications, See 2N350A Data Sheet 

2N378 thru 2N380 

2N459 ,A 

Pc= 90W 
lc=5A 

CASEJ ~~ 
Vceo =to 105 V 

(T0-3) ~ 
PNP germanium power tr.ansistors for general pur

pose power amplifier and switching applications. 
MAXIMUM RATINGS 

Characteristic Symbol 2N378 2N379 2N380 2N459 2N459A Unit 

Collector-Base Voltage Vcao - - - - J05 Volts 

Collector-Emitter Voltage Ve Ex Volts 
(VaE = !. 5 V) 40 80 60 - -
(VaE = !. 0 V) - - - J05 J05 

Collector- Emitter Voltage (RsE = O) VcEs - - - 70 70 Volts 

Collector-Emitter Voltage VcEO 20 40 30 60 60 Volts 

Emitter-Base Voltage VEBO - - - 10 25 Volts 

Collector Current re 5 5 5 5 5 Amps 

Junction Temperature Range TJ -65 TO +no QC 

Collector Dissipation (at Tc = 25°C) Pc 90 90 90 90 90 Wates 

ELECTRICAL CHARACTERISTICS Cat TA= 25°C unless otherwise noted 

Characteristic Symbol Min Max Unit 

Collector-Base Cutoff Current 1cso mAdc 
(V CB = -25 Vdc) All Types - 0. 5 
(Vea = -25 Vdc, Tc= a5°c) All Types - 7. 5 

Emitter-Base Cutoff Current 1EBO mAdc 
(VEB = -JO Vdc) 2N380 - !. 5 

2N459 - 2 
(VEB = -25 Vdc) 2N459A - 2 

Collector Cutoff Current 'cEx mAdc 
(VcE = -40 Vdc, VaE = !. 5 Vdc) 2N378 - JO 
(VcE = -80 Vdc. VaE = !. 5 Vdc) 2N379 - JO 
(VcE = -60 Vdc, VBE = !. 5 Vdc) 2N380 - JO 
(VcE = -J05 Vdc, VaE = !. 5 Vdc) 2N459 - JO 
(VcE = -J05 Vdc, VaE = !. 0 Vdc) 2N459A - JO 

Collector-Emitter Breakdown Voltage BVcEO Vdc 
Oc = JOO mAdc) 2N378 20 -

2N379 40 -
2N380 30 -
2N459, 2N459A 60 -

Base-Emitter Voltage VaE Vdc 
Oc = 2Adc, VcE = -2Vdc) 2N378 - -!. 6 

2N379,2N459,2N459A - -1. 3 
2N380 - -!. 0 
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---Motorola Power Transistors---

2N378, thru 2N380 2N459, 2N4.59 A 

ELECTRICAL CHARACTERISTICS (atTc = 25°C unless otherwise specified.l 

Characteristic Symbol 

Collector- Emitter Saturation Voltage VcE(sat) 
Oc = 2 Ade, Is= o. 2 Ade) 2N378-2N380, 2N459 

2N459A 

DC Current Gain hFE 
Oc = 2 Ade, VcE = 2 Vdc) 2N378 

2N379, 2N459 
2N380 
2N459A 

Oc = 5 Ade, VcE = -2 Vdc) 2N459A 

Common Emitter Cutoff Frequency fae 
Oc = I A, V CE = - 2 V) 2N378-2N380. 2N459 
(IC = 2 A, V CE = -2 V) 2N459A 

2N441 

2N442 

Min Max Unit 

Vdc 
- I. 0 
- 0. 3 

------
-

40 80 
20 70 
30 70 
40 70 
20 -

- -- ---
kc 

5 -
5 -

Pc= 150W 
le= 15 A 
V CBO = 40-60 V 

2N443~::' 
CASE 5 i I 
(T0-36) 

PNP germanium power transistors for power switch
ing and amplifier applications. Power and temperature 
ratings exceed EIA registration. 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Emitter Current (continuous) 

Base Current (continuous) 

Junction and Storage Temperature 

Thermal Resistance 

Ci)' 160 -------------i ::g 0---+-"'--1---+---1----' 

120 z 
0 100 0---1---"-'"'--1--

~ 80 1---1---.\-----'~---+----l 
C-
c;; 60 1---1--"~+----l-_,,_,-+----l 
Cl) c 4gl---l----',;C"'--l---"".l.---l 

ffi 201----==+==:=_+----1--=-~~.,.__-l 

~ 
0- 20 40 50 80 100 

,f Tc, CASE TEMPERATURE (°C) 

Symbol 2N441 2N442 2N443 Unit 

VCB 40 50 60 Vdc 

VCES 40 45 50 Vdc 

VEBO 20 30 40 Vdc 

IE 15 15 15 Amps 

IB 4 4 4 Amps 

Tstg -65 to +100 °C/W 

eJC 0.5 0 c/w 

POWER-TEMPERATURE DERATING CURVE 
The maximum continuous power is 
related to maximum junction tempera
ture by the thermal resistance factor. 
This curve has a value of 150 Watts at 
case t0mperatures of 25oc and is 0 Watts 
at 100 C with a linear relation between 
the two temperatures such that: 

Pn allowable = 100° - Tc 
0. 5 
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---Motorola Power Transistors---

2N441 thru 2N443 (continued) 

ELECTRICAL CHARACTERISTICS 

Characteristic Symbol Minimum Typical Maximum Unit 

Collector-Base Cutoff Current 1CBO 
µ.A 

VCBO = -2 V All Types - 100 -

Collector-Base Cutoff Current 1CB mA 
VEB = -1.5 V, VcB = -40 V 2N441 - 2 8 

-50 2N442 - 2 8 
-60 2N443 - 2 8 

Collector-Base Cutoff Current 1CBO mA 
TB= 71'C, VCBO = -40 V 2N441 - - 15 

-50 2N442 - - 15 
-60 2N443 - - 15 

Emitter-Base Cutoff Current 1EBO mA 
VEBO = -20 V 2N441 - 1 8 

-30 2N442 - 1 8 
-40 2N443 - 1 8 

Collector-Emitter Voltage BVcES Vdc 
le= 300 mA, VEB = O* 2N441 -40 - -

2N442- -45 - -
2N443 -50 - -

I Collector-Emitter Voltage BVCEO Vdc 
Ic = 1 Amp, IB = o * 2N441 -25 - -

2N442 -30 - -
2N443 -45 - -

Floating Potential VBE volt 
IE = 0, V CB = -40 V 2N441 - - 1.0 

-50 2N442 - - 1.0 
-60 2N443 - - 1.0 

Current Gain hFE -
Ic = 5 Amps, VcB = -2v All Types 20 - 40 

le= 12 Amps, VcB = -2 v All Types - 20 -

Base-Emitter Voltage VBE Vdc 
le = 5 Amps, v CB = -2 v 2N441 - 0.65 -

2N442 - 0.65 -
2N443 - 0.65 0.9 

Saturation Voltage VCE(SAT) Vdc 
Ic = 12 Amps, IB = 2 Amps 2N441 - 0.3 -

2N442 - 0.3 -
2N443 0.3 1.0 -

Common-Emitter Current Amplification fae kc 
Cutoff Frequency 
IC = 5 Amps, v CE = -6 v AU Types - 10 -

Rise Time tr µsec 
"onn I = 12 Ade, All Types - 15 -
IB = 2<Actc, vcE = -12 v 

Fall Time 4 µsec 
"off" le = o, All Types - 15 -

VEB = -6 V, REB = 10 Ohms 

*To avoid excessive heating of the collector junction, perform test with the sweep method. 
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---Motorola Power Transistors---

2N441 thru 2N443 (continued} 
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POWER DISSIPATION AT 
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170-WATT 
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The Safe Operating Area Curves indicate le -
V CE limits below which the device will not go into 
secondary breakdown. Collector load lines for spe
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 
(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum T,, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions, 
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-Motorola Power Transistors---

2N441 thru 2N443 (continued) 

h '"· CURRENT TRANSFER CHARACTERISTICS 
12 

z~ 

0.15 0.3 0.45 0.6 0.75 
I,., BASE CURRENT (AMPERES) 

INPUT CHARACTERISTICS 

0.5 t--t--t--t---f---ll--t---f---ll---1f--fi 

1 
0.4 t--t--t--t---f---ll--t---l---1f-J+tt1-il 

80°C '< J LJ 

1-~ 

0.2 0.4 0.6 0.8 1.0 

V11 E, BASE VOLTAGE (VOLTS) 

2N459,A 

2N554 
2N555 

2N6)8 

For Specifications, See 2N378-38 Data Sheet 

For Specifications, See 2N178 Data Sheet 

For Specifications, See 2N375 Data Sheet 
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2N66S-JAN 

---Motorola Power Transistors---

Pc=35W 
lc=SA 
Vcso= BOV 

CASE~ 
(T0-3) 

PNP germanium power transistors for driver and 
power output amplifier and power switching applica
tions in military and industrial equipment. 

MAXIMUM RATINGS 

Chlncterlstlc Symbol Rating Unit 

Collector-Base Voltage VcBo 80 Vdc 

Emitter-Base Voltage VEBO 40 Vdc 

DC Collector Current le Amps 
MIL-S-19500/ 58C 2 
Motorola Unit 3 

DC Emitter Current lg 5 Amps 

Collector Junction Temperature TJ -65 to +95 oc 

Collector Dissipation PC 35 Watts 
Cerate above 25oc 0.5 w/0 c 

ELECTRICAL CHARACTERISTICS 

Characteristic Symbol Min Max Unit 

Emitter Cutoff Current IEBO mAdc 
(VEBO = -40 Vdc, 'c = O) - -2 

Collector Cutoff Current IcBo mAdc 
(V CBO = -2 Vdc, If = 0) - -.05 

(VcBo = -60 Vdc, E = 0) - -2 
(VcBO = -80 Vdc, IE = O) - -10 

DC Current Gain hFE -
(V CE = -2 Vdc, 'c = -0.5 Ade) 40 80 
(V CE = -2 Vdc, 'c = .-2 Ade) 20 -

Emitter-Base Voltage VEB Vdc 
(VcE = -2 Vdc, 1c = -2 Ade) - 1.5 

Floating Potential VEBF Vdc 
(V CB = -80 Vdc, voltmeter input 

-1 resistance = 10 megohms min, t • 1 sec) -
Collector-Emitter Saturation Voltage VCE(sat) Vdc 

('c = -3 Ade, lB = -220 mAdc) - -0.9 

Collector-Emitter Voltage VCEO Vdc 
Uc = -300 mAdc, IB = O) -40 -

Small-Signal Short-Circuit Forward-Current 
Transfer-Ratio Cutoff Frequency fhfe kc 

(V CE = -14 Vdc, le = -2 Ade) zo -
Emitter Cutoff Current 1EBO mAdc 

(V EBO = -30 Vdc, 'c = 0, Tc= +n°c min) - -2 

Collector Cutoff Current ICBO mAdc 
(VCBO = -30 Vdc, IE = 0, Tc = +71°C min) - -2 
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---Motorola Power Transistors---

2N665 (continued) 

h,. versus TEMPERATUllE 

f ~ ~zzf-" I I I I '·~~:#41 
-60 -40 -20 20 40 60 80 100 

2N669 

The Safe Operating Area 
Curves indicate 10 - V CE 

limits below which the device 
will not go into secondary 
breakdown. Collector load 
lines for specific circuits must 
fall within the applicable Safe 
Area to avoid causing a col
lector-emitter short. (Duty 
cycle of the excursions make 
no significant change in these 
safe areas.) To insure opera
tion below the maximum T,, 
the power-temperature de
rating curve must be ob
served for both steady state 
and pulse power conditions. 

POWER OERATING CURVE 

:~ 
I "' 

~ I 
I 
I 

~ I 
I 
I 

l 
20 25 .. 60 

Tc,CASETEMPERATURE(°C) 

T0 , CASE TEMPERATURE (°C) 

SAFE OPERATING AREA 

5msec lmsec 500µ.sec 

~ 60 
80 100 

V.,., COLLECTOR-EMITTER VOLTAGE (VOLTS) 

For Specifications, See 2Nl 7 6 Data Sheet 
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---Motorola Power Transistors---

2N1011 

CAR~ 
(T0-3) 

MAXIMUM RATINGS 

Char1eterlstlc 

Collector-Base Voltage 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Emitter Current 

Operating Temperature Range 
(MIL·T-19500A/67) 

Operating Temperature Range 
(MOTOROLA 2Nl01 l) 

Collector Dissipation at 75°C 

Pc=90W 
lc=SA 
Vcao = 80V 

PNP germanium power transistors for general 
purpose power amplifier and switching applications in 
military and industrial equipment. Operating temper
ative range and power dissipation exceed military 
specifications. 

Symbal R1tln1 Unit 

Vrao 80 Vdc 

Ve•• 80 Vdc 

Vn:o 40 Vdc 

VERO 40 Vdc 

1. 5 Amps 

- -65 to +95 oc 

- -65 to +100 oc 

Pc 10 Watts 
Case Temperature (MIL·T·l9500A/67l 

Collector Dissipation at 25°C 
Case Temperature (MOTOROLA 2Nl011) 

POWER- TEMPERATURE 
DERATING CURVE 

Pr 

!DD 

9D 

ID 

D 
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90 Watts 

'\ 

~ L 
I MD1oro1• 

2N!Dll 

~ 
[SJ 
~ 

1-- - l"'-J t-.... 
.............. ~ I..: 

MIL·T· l_]iDDA.f7 / "I ·-......i ~ 
l ....... tS 

D 2D 4D 6D SD !DD 

T,., CASE TEMPERATURE (°C) 



---Motorola Power Transistors--

USA2N1011 (continued) 

ELECTRICAL CHARACTERISTICS (,At 25"C unless otherwise specified> 

Characteristic Symbol Minimum Maximum Unit 

DC Current Transfer Ratio hFE - 150 -

VcE = 2 V 
le= 1.0Adc 

DC Current Transfer Ratio hFE 30 75 -
VcE = 2V 

le= 3.0 Ade 

Small-Signal Current Transfer Ratio 
Cutoff Frequency 

fae 5 - kc 

VcE = 2 Vdc 

re= 3 Amps 

Emitter-Base Cutoff Current 1EBO - 3. 0 mAdc 

VEB = 40 Vdc 

re= 0 

Collector-Base Cutoff Current 1cso - 200 µAde 

Yes= 2 Vdc 

IE= 0 

Collector-Base Cutoff Current 1cso - 15.0 mAdc 

I 
Yes= 80 Vdc 

IE= 0 

Base Current Is 6. 7 - mAdc 

VcE = 2 Vdc 

re= 1 Ade 

Base Current Is 40. 100 mAdc 

VcE = 2 Vdc 

le= 3 Ade 

Emitter-Base Voltage VEB - 2. 0 Vdc 

VcE = 2 Vdc 

le= 3 Ade 

Floating Potential Vfl - 1. 0 Vdc 

Yes= 50 Vdc 

(Voltmeter input resistance 
= 10 Megohm min) 

Collector-Emitter Saturation Voltage VCE(SAT) - 1. 5 Vdc 

le= 3 Ade 

Is= 200 mAdc 

Collector-Emitter Voltage BVcEO 40 - Vdc 

le= 300 mAdc 

Is= 0 

Collector-Emitter Voltage BVcES 80 - Vdc 

re= 30()mAdc 

VEB = 0 

Small-Signal Short-Circuit Forward-Current 
~ransfer Ratio Cutoff Frequency 

fae 5 - kc 

VcE = 2 Vdc 

re= 3 Ade 

High-Temperature Operation 
Tc = +90°C min 

Collector Cutoff Current Icso - 20 mAdc 

Yes= 30 Vdc 
IE=() 
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---Motorola Power Transistors---

2N10731 A, B Pc=BSW 
le= JOA 
V CER = 40-120 V 

' 

CASE 4 
(T0-41) 

PNP germanium power transistors for high-voltage 
power switching applications. 

For T0-3 package with 50-mil dia. pins (no solder lugs) 
specify MP1350 thru MP1352. 

MAXIMUM RATINGS 

Characteristic Symbol 2N1073 2N1073A 2N1073B Unit 
t---

Collector-Emitter Voltage VCER 120 Vdc 

K' 
~ 
z 

~ 
~ 

~ 
D 

0 

D 

~ 

~ 

~ 
.2 

Collector-Base Voltage VCB ---
Emitter-Base Voltage VEB 

Collector Current (Cont) 1c 
Base Current (Cont) IB ---
Emitter Reverse Current IE 

(Surge 60 cps Recurrent) 
---

Storage and Operating Tstg 
Temperature TJ 

---
Collector Dissipation 

(25°C Mtg. Case Temp.) 
Pc 

~ POWER DERATING CURVE 
~ 100 .----.---====c-c-==,..,,--i 
; 80 

0 60 t-t---t---"'1...--+---+---i 
~ 40 I-'-""'---'--'""->---+-~ 
~ 20 t---r-----r--t--'""-,-t--110°c 
0 
~ 

!< 
~ .. 

25 50 75 100 125 
Tc, CASE TEMPERATURE l'C) 

40 80 ---- --------
40 80 120 Vdc 

--- ---- ----
1.5 1.5 1.5 Vdc 

---- ----
10 10 10 Amps 

--- ---- ----
5 5 5 Amps 

---- ---- ----
Amps 

1.5 1.5 1.5 ---- --------
-65 to +110 OC 

---- ---- ----
Watts 

85 85 85 

The maximum continuous power is related to 
maximum junction temperature by the thermal 
resistance factor. This curve has a value of 85 
watts at a case temperature of 25"C and is 0 
watts at 110°C with a linear relation between 
the two temperatures such that: 

Allowable P0 = uo;,; Tc Watts 

2N1073 
SAFE OPERATING AREAS - PULSE CONDITIONS 

2N1073A 2N10738 

500µse8 500µsec~ 

1.0 

::s;i: ::S: 250µseC:==: rs: JS IS _y J. .l_J 
I--~msec~iTI 

250µsec 

'i l mm.,:S :\ \\ 
~T"' 5clµse{§ ~ 

0.5 

0.3 

0.1 
DC~ 

~ ~ 

" ~ oc ---~ 
.05 

.03 

.01 
10 20 30 40 10 20 30 40 50 60 70 80 O IO 20 30 40 50 60 70 80 90 100 110 120 

Vc:;E> COLLECTOR-EMITTER VOLT AGE. (VOL TS) 
The Safe Operating Area Curves indicate le - (Duty cycle of the excursions make no significant 

V CE limits below which the device will not go into change in these safe areas.) To insure operation 
secondary breakdown. Collector load lines for spe- below the maximum TJ, the power-temperature 
cific circuits must fall within the applicable Safe derating curve must be observed for both steady 
Area to avoid causing a collector-emitter short. state and pulse power conditions. 
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---Motorola Power Transistors---

2N 1073, A, B (continued) 

ELECTRICAL CHARACTERISTICS (at TA= 25°C unless otherwise noted 

Characteristic 

Collector-Base Cutoff Current 
(Vea = 25 Vdc, IE = 0) 
(Vea = 25 Vdc. IE = o. Tc = 85°C) 
(Vea = 40 Vdc. IE = 0) 
(Vea = 60 Vdc, IE = 0) 
(VCB = 60 Vdc. IE = 0, Tc = 850C) 
(Vea = 80 Vdc, IE = 0) 
(Vea = 100 Vdc. IE= o. 
(Vea 100 vctc. IE o. Tc = 85°CJ 
(Vea = 120 Vdc. IE = 0) 
(Vea= 2 Vdc, IE= 0) 

Emitter-Base Leakage Current 
.(V EB = 0. 75 Vdc) 

Emitter Floating Potential 
(VcE = 40 Vdc) 
(VcE = 80 Vdc) 
(VcE = 120 Vdc) 

Collector-Emitter Breakdo'>{n Voltage• 
Uc = 50 mAdc. RaE = 100 '2) 

DC Current Gain 
(le = 5 Ade. VcE = -2.0 Vctc) 

Small Signal Current Gain 
(le = 0.5 Ade, VcE = 12 Vdc. f = 30 kc) 

Base Input Voltage 
(VcE = 2.0 Vdc.1c = 5 Ade) 

Collector-Emitter Saturation Voltage 
(le = 5 Ade, 18 = 0.5 Ade) 

Rise Time 

Storage Time 

Fall Time 

lN1073 
2Nl073 
2Nl073 
2Nl073A 
2Nl073A 
2Nl073A 
2Nl073B 
2Nl073B 
2Nl073B 
All Types 

2Nl073 
2Nl073A 
2Nl073B 

2Nl073 
2Nl073A 
2Nl073B 

Symbol 

VcE(sat) 

Min Typ Max Unit 

40 
80 
120 

1 
15 
20 
1 

15 
20 
2 

20 
20 

0.3 

50. 

-1.0 
-1.0 
-1.0 

20 -I 60 

- 15 

1.0 

- 0.5 1.0 

mAdc 

mAdc 

Vdc 

Vdc 

Vdc 

Vdc 

--1----1 -----+---~-
5 .5 - µsec 

-11.2 µsec 

- 2.0 11sec 

"To avoid excessive heating of collector junction', perform this test with a sweep method. 

COLLECTOR CURRENT versus BASE CURRENT COLLECTOR CURRENT versus DRIVE VOlTAGE 

o'-..:;.""'*::;_~....1.~~..J..~~.J...~~1--~.....1 

100 200 300 400 500 600 700 0 0.5 1.0 1.5 
11, BASE CURRENT {MILLIAMPS) VIE, BASE-EMITIER VOLTAGE '(VOLTS) 
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---Motorola Power Transistors---

2N1073, A, B (continued) 

DC CURRENT GAIN versus COLLECTOR CURRENT COLLECTOR CURRENT versus DRIVE VOLTAGE 
50 

40 

z 

ii 
ro 
u 
~ 20 

-" 

10 

2Nl 099 

2Nl 100 

25 

f" 20 

~ 
;j Vcf = MAX RATING 

i 15 

-55°C ~ 10 

+25°C ~ +100°c 

..i! 

l LJ 

lt +100°y_ 
7 

-Ji! 
10 

le, COLLECTOR CURRENT (AMPS) 

12 
0 
+0.3 

SWITCHING TEST CIRCUIT 

+0.2 

+2./1 
+0.1 -0.l -0.2 - 0.3 

Vu. BASE-EMITTER VOLTAGE (VOLTS) 

4 ll 

12 v 
_______ +-1111-----------' 

PULSE CONDITIONS ; le = 3 Ade, I•= 300 mAdc 

For Specifications, See 2N277 Data Sheet 

For Specifications, See 2N174 Data Sheet 
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---Motorola Power Transistors---

2N1120 Pc=90W 
le= 15A 
Vcso= 80V 

CAS~ (JQ.;)4~ 
PNP germanium power transistors for military and 

industrial power applications. 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Emitter Current 

Operating Temperature Range 
(MIL·T-19500/68) 

Operating Temperature Range 
(MOTOROLA 2N1120) 

Collector Dissipation at 25°C 
Case Temperature (MIL·T-19500/68) 

Collector Dissipation at 25°C 
Case Temperature (MOTOROLA 2N1120) 

POWER- TEMPEllATURE 
DERATING CURVE 

Symbol 

Vceo 

VcEs 

VcEo 

VEBO 

I,, 

-

-

Pr 

Pc 

6-38 

Rating Unit 

80 Vdc 

70 Vdc 

40 Vdc 

40 Vdc 

15 Amps 

-65 to +95 oc 

-65 to +100 oc 

45 Watts 

90 Watts 

Tc, CASE TEMPERATURE (°C) 



---Motorola Power Transistors---

2N 1120 (continued) 

ELECTRICAL CHARACTERISTICS (At 2s 0 c unless otherwise specified) 

Characteristic Symbol Min Max Unit 

DC Current Transfer Ratio hFE - 100 -
Ve•= 2Y 

le= 5.0 Ade 
DC Current Transfer Ratio h,.. 20 50 -

VeE = 2V 
le= 10.0 Ade 

Small Signal Current Transfer Ratio f,. 3 - kc 
Cutoff Frequency 
Ye•= 2Vd.; 

le= 5 amps 
Emitter-Base Cutoff Current lEBo - 5.0 mAdc 

v.s= 40Vdc 
le= 0 

Collector-Base Cutoff Current le so - 300 µAde 
Yes= 2Ydc 

1. = 0 
Collector-Base Cutoff Current lcso - 15.0 mAdc 

Yes= 80Vdc 
l., = 0 

Base Current ls 50 - mAdc 
Ve•= 2Vdc 

le= 5Adc 
Base Current Is 200 500 mAdc 

Ve•= 2Vdc 
le= IO Ade I 

Emitter-Base Voltage YES - 2.0 Vdc 
Ve•= 2Vdc 

le= IO Ade 
Floating Potential Vu - 1.0 Vdc 

Yes= 80Vdc 
Voltmeter Input 

Resistance = 
lOmeg.min. 

Collector-Emitter Voltage (Saturation) VcE cs.a.T> - 1.0 Vdc 
le= to Ade 
Is= 1 Ade 

Base-Emitter Voltage (Saturation) YsE - 1.5 Vdc 
Is= 11Adc 
le= IO Ade 

Collector-Emitter Voltage BVeEo 40 - Vdc 
le= 300mAdc 
Is= 0 

Collector-Emitter Voltage BVcEs 70 - Vdc 
le= 300mAdc 

V.,s= 0 
Smali-Signal Short-Circuit Forward-

Current Transfer Ratio 
Cutoff Frequency f •• 3 - kc 

Ve•= 2Vdc 
le= 5 Ade 

High-Temperature Operation 
Tc= +90°C 

(min) 
Collector Cutoff Current lcso - 20 mAdc 

Yes= 30Vdc 
I.= 0 
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---Motorola Power Transistors---

2N 1162 thru 2N 1167 Pc= 106 W 
le= 25A 
V CBO = 50-100 V 

CASE 3, 4 
(T0-3, 41) 

PNP germanium power transistors for switching and 
amplifier applications in high reliability equipment. 

MAXIMUM RATINGS 
2N1162 2N1164 2N1166 

Characteristics Symbol 2N1163 2N1165 2N1167 Unit 

Collector - Base Voltage VcBO 50 80 100 Vdc 

---- ---- ---- ---- ---
Collector - Emitter Voltage VcES' 35 60 75 Vdc 

---- ---- ---- ---- ---
Emitter - Base Voltage VEBO 25 40 50 Vdc 

---- ---- ---- ---- ---
DC Collector Current Ic 25 25 25 Amps 

---- ---- ---- ---
Collector Junction Temperature· Tj 110 110 110 c 

---- ---- ---- ---
Collector Dissipation Pc 106 106 106 Watts 

--·-- ---- ---
Thermal Resistance OJC 0.6 ...... 0 c/w 

• To avoid excessive heating of the collector junction, perform this. test with a sweep method. 

1,20 

I 106 
100 

z 80 0 

~ 60 
POWER-TEMPERATURE DERATING CURVE !!l 

~ 40 
~ 
~ 20 

0 

~ s :s. 
LS: 
~ 

0 20 40 60 80 100 110 

2N1162, 2N1163 
SAFE OPERATING AREAS 

2N1164, 2N1165 

Tc. CASE TEMPERATURE {°C) 

2N1166, 2N1167 

IO 20 30 40 50 60 70 0 IO 20 30 40 50 60 70 80 90 

COLLECTOR·EMITTER VOLTAGE (VOL TS) 

The Safe Operating Area Curves indicate le -
V cE limits below which the device will not go into 
secondary breakdown. Collector load lines for spe
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 

6-40 

(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum TJ, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 



---Motorola Power Transistors---

2N 1162 thru 2N 1167 (continued) 

ELECTRICAL CHARACTERISTICS (At 25'C case temperature unless otherwise specified) 

Parameter Symbol Min Typ Mu Unit 

Collector Cutoff Current ICB01 mA 
Vee= BVcBO(max), IE - o All Types - 3 15 - - - -Colle.c-t0r Cutoff Current Iceo 
V CB = 2V, IE = 0 All Types - 125 225 µA 
Vee= 15V, JE = 0, Tc- 90 c 2Nll62-3 - 10 20 mA 
Vee= 30V, IE - 0, Tc= 90 c 2Nl 164 -7 - 10 20 mA -- - - -Collector-Emitter Breakdown Voltage BVcES r Vdc 
le = 500mA, VEB = 0 

2Nll62-3 35 - -
2Nll64-5 60 - -
2Nll66-7 75 - -- - - -Emitter Cutoff Current !EBO mA 

VEB = 12V, le= 0 All Types - 0. 5 I. 2 - - ·- --OC Forward Current Gain -
VcE = IV, Jc= 25A All Types hFEI 15 25 
VcE = 2v,·1c =SA All Types hFE - 65 125 - - - -Collector Emitter Saturation Voltage VcE\sat) volts 
Ic = 2sA, 18 = 1. SA All Types - 0. 3 0. 8 -- - - -Base - Emitter Drive Voltage VBE volts 
Ic = 25A, 18 = 1. 6A All Types - 0. 7 I. 7 - - - -Common Emitter - Cutoff Frequency fae kc 
VcE = 2V, le= 2A All Types 4 

SWITCHING CHARACTERISTICS 

Saturated Pulsed Drive 
Response limes in µsec 

Collector Base Current 
Current On Off ti+ t, t. tr 
5 amps 330 mA 11 

100 mA 5 17 

10 amps 660 mA 15 
200 mA 4 20 

25 amps 1700 mA 19 
500 mA 3 18 
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---Motorola Power Transistors---

2N1162 thru 2N1167 (continued) 
COLLECTOR CURRENT vs BASE-EMITTER VOLTAGE 

25..--.---.~.,.--.---.~.,.-....,..--.~.,.....,,.,..--,---, 

fJ Ya = 2V v/{_ 

0.2 0.4 0.6 O.B 1.0 1.2 
V,., BASE-EMITTER VOLTAGE !VOLTS) 

ryr.Jl- cl,1.1.J,J_~~ 
~:H COMMON IMITTH 

H-'·' 
sf-l;..-!--+4''-+-+--+--+--+--+--+--1---< 

8Vc11 ~ '% RATED MAXIMUM COllECTOR-EMtTTElt VOLTAGE <VOLTS) 

2N1358 

COLLECTOR CURRENT 
vs BASE CURRENT 

25 _______ 1 ~,f~+-25-.J--y-v---

v; +5o·c~ 11;· )/ 
~ 20 11 [/ 
~ 17f7[71C +75'C 

- 15 l7 
~ IA 
~ II v.,. =2V 
itl 101--D-+--I--+--+~ CASE 
5 J. TEMPERATURE 'C 
~ !-4-1-r/j__,___,___,___,__l--1--_,____..__L-.1 

~ 
o.....__.__.__._........_........__.__._~l__._.__'--' 

0 0.4 O.B 1.2 1.6 2.0 2.4 

1,, BASE CURRENT !AMPS) 

CURRENT GAIN 
vs COLLECTOR CURRENT 

Bo~~~~-_._~_T_T __ T_T __ 
VcE = 2 VOLTS 

CASE ---! ' 
TEMPERATURE 25'C 

201---+--l--+-+-~f---+-+---<--+-~ 

o~...i.~.J....--'~-'-~'---'-~-'---''----'----l 
0 10 15 20 25 

le, COLLECTOR CURRENT (AMPS) 

For Specifications, See 2N174 Data Sheet 

2N1359 
2N1360 
2N 1362 thru 2N 1365 

For Specifications, See 2N375 Data Sheet 
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---Motorola Power Transistors--

2N1412 Pc= 150W 
le= 15A 
Vceo = lOOV 

PNP germanium power transistors for high-voltage 
power amplifier and switching applications in military 
and industrial equipment. 

MAXIMUM RATINGS 

Characteristic Symbol 

I 

Collector-Base Voltage 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Emitter Current (Continuous) 

Base Current (Continuous) 

Junction & Storage 
Temperature 

Thermal Resistance 

2N1412 

80 90 100 

COLLECTOR-EMITTER VOLTAGE (VOLTS) 

The Safe Operating Area Curves indicate le -
V CE limits below which the device will not go into 
secondary breakdown. Collector load lines for spe
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 

Vcao 

Vces 

v('r.o 

Veeo 

Ir. 

I. 

Tstg 

0JC 
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z ... 
i 
~ .. 
i 
~ 

Rating Unit 

100 Vdc 

80 Vdc 

60 Vdc 

60 Vdc 

15 Amps 

4 Amps 

-65 to+IOO •c 

0.5 'C/W 

POWER-TEMPERATURE DERATING CURVE 
160 
ISO 
140 

120 

100 

80 

60 

40 

20 

Tc, CASE TEMPERATURE (°C) 
The maximum continuous This curve has a value of 

power is related to maxi- 150 Watts at case tempera
mum junction temperature tures of2!5°C and isOWatts 
by the thermal resistance at 100°C with a linear rela
factor. tion between the two tem-

peratures such that: 

allowable PD = tOO~:S Tc 

(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum TJ, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 



---Motorola Power Transistors--

2N 1412 (continued) 

ELECTRICAL CHARACTERISTICS 

Characteristic Symbol Minimum Maximum Unit 

Emitter Cutoff Current 1EBO - 200 µAde 

VEB = -2.0 Vde 

Ic = 0 

Emitter Cutoff Current 1EBO - 10 mAde 

VEB = -60 Vde 

Ic = 0 

Collector Cutoff Current 1CBO - 200 µAde 

V CB= -2.0 Vde 

IE = 0 

Collector Cutoff Current 1CBO - 10 mAde 

V CB = -100 Vde 

IE= 0 

Emitter-Base Voltage VEB 0.0 0.5 Vde 

VcE = -2.0 Vde 

le = -1.2 Ade 

Emitter-Base Voltage VEB 0.0 0.9 Vde 

VcE = -2.0 Vde 
Ic = -5.0 Ade 

Floating Potential Vfl 0.0 1.0 Vde 

VcB = -100 Vde 

IE= 0 

(Voltmeter input resistance 
= 10 Megohm min) 

Collector-Emitter Saturation Voltage VCE(SAT) 0.0 0.7 Vdc 

le = -12 Ade 
IB = -2.0 Ade 

Forward Current Transfer Ratio* hFE 10 - -
VcE = -2.0 Vde 

le= -15 Ade 

Forward Curr.ent Transfer Ratio hFE 25 50 -

VcE = -2.0 Vdc 
le = -5.0 Ade 

Collector-Emitter Breakdown Voltage* BVcEo 60 - Vde 

le= -1 Ade 
IB = 0 

Collector-Emitter Breakdown Voltage* BVCES 80 - Vdc 

VEB = 0 

le= 300 mA 

Small-Signal Short-Circuit Forward-Current 
Transfer Ratio Cutoff Frequency 

fae 5 - kc 

VcE = -12 Vde 
1c = -5.0 Ade 

High-Temperature Operation lEBO - 6.0 mAde 
Emitter Cutoff Current 

Tc = +71°C min 

VEB = -30 Vdc 

Collector Cutoff Current le BO - 6.0 mAde 

VcB = -30 Vde 

IE= 0 

*Test by sweep method with a short duty cycle (about 1 %) to avoid excessive heating. 
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---Motorola Power Transistors--

2N1412 (continued) 

INPUT CHARACTERISTICS CURRENT TRANSFER CHARACTERISTICS 

0.5 t--+--t----i----+--+---+------+--+--!1-1-

i 0.4 11 

i ... J~ 
:; 80°C J .fl 

0 o.__.___.o.""2 ...... _o.i,..4__..._ .. o.-6 ....i..__,.o.'"'s ....i......11.0 

V""' EMITTER·BASE VOLTAGE (VOLTS) 

0 0..._...__o~.1~s---o-.J~o ..... ....,.o •. 45,.....__~o.6~0_...~o.75 

I 1,., BASE CURRENT (AMPERES) 

TRANSCONDUCTANCE CHARACTERISTICS OUTPUT CHARACTERISTICS 

J, 
ID 1---1--f--+--+--+--+----+--t---+-~~ 

1---l--f--+--+--+--+-·80°C __// 1 
)'_IV 

2s 0cWl 

o..._ ......... _.._...__..._ .......... _.._ .......... 
0 0.2 0.4 0.6 0.8 1.0 

~11Ill· 
0 oL-.Ll0~2~0 .... 30--4~0--50....i6.0·7=011!::1180:!=!:9~0.....llOO -

V.,,., EMITTER·BASE VOLTAGE (VOLTS) V,..,, COLLECTOR·EMITTER VOLTAGE (VOLTS) 
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--·-Motorola Power Transistors--

2N 1529 thru 2N 1538 Pc= 106W 
lc=5A 
V CBO = 40-120 V 

PNP germanium power transistors for switching and 
amplifier applications in high-reliability equipment. 

For units with solder lugs attached, specify 
devices MP1529A etc. (T0-41 package) 

MAXIMUM RATINGS 

Characteristic Symbol 
2N1529 2N1530 2N1531 2N1532 2N1533 
2N1534 2N1535 2N1536 2N1537 2N1538 Unit 

Collector-Emitter Voltage VCEX 40 60 80 100 120 Vdc 

Collector-Emitter Voltage l'CES 30 45 60 75 90 Vdc 

Collector-Emitter Voltage VCEO 20 30 40 50 60 Vdc 

Collector-Base Voltage VcBo 40 60 80 100 120 Vdc 

Collector-Base Voltage VEBO 20 30 40 50 60 Vdc 

Collector Current Ic Amps 
(Continuous) 

Collector Current le 10 10 10 --10-- ----ro- Amps 
(Peak) 

Junction Temperature Range TJ 4- -65 to +110 oc 

Collector Dissipation 
(25°C Case Temperature) 

Pc 106 106 106 106 106 Watts 

------
Thermal Resistance OJC 0. 8 0c/w 

SAFE OPERATING AREAS - PULSE CONDITIONS 

The Safe Operating Area Curves indicate Io -
V cE limits below which the device will not go into 
secondary breakdown. Collector load lines for spe
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 

2Ntm,2N1534" 2N153ll,2N1535" 2N1531,2111S36' 

;F=S:: 
f:T{.:§1.11 

Ffi 

]'\ u [\ 

" N ~ "']\ 

(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum T1, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 

2"1532,2N1531" 2N1533,2N1538 

[\ 

lf-L 
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-Motorola Power Transistors--

2N 1529 thru 2N 1538 (continued) 

ELECTRICAL CHARACTERISTICS (Tc= 25'C unless otherwise specified.) 

Characteristic Symbol Min Max Unit -----
Collector-Base Cutoff Current le BO I mA 

(YcB = 25Y) 2Nl529. 2Nl534 - 2.0 

(YcB = 40Y) 2Nl530, 2Nl535 - 2.0 

(YcB = 55Y) 2Nl531, 2Nl536 - 2.0 

(YcB = 65Y) 2Nl532, 2Nl537 - 2.Q 

(YcB = SOY) 2Nl533. 2Nl538 - 2.0 

-- mA Collector-Base Cutoff Current 1CBO 
(YCB = 2Y) All Types - 0.2 

(Y CB = l 2 BY CES rating; TC = +90°C) All Types - 20 

Emitter-Base Cutoff Current 
-- n;;;:-

1EBO 
(YEB = 12Y) All Types - 0.5 

-- --
Collector-Emitter Breakdown Voltage BYCES volts 

(le = 500 mA, y EB = 0) 2Nl529', 2Nl534 30 -
2Nl530, 2Nl535 45 -
2Nl531. 2Nl536 60 -
2Nl532, 2Nl537 75 -
2Nl533, 2Nl538 90 ------

Collector ... Emitter Leakage Current 1CEX 
mA 

(YBE = IV; YcE (tJ rated BYcBo> All Types - 20 

Collector-Emitter Breakdown Voltage BY CEO 
-- 7oiiS 

(le = 500 mA, IB = 0) 2Nl52£•, 2Nl534 20 -
2Nl530, 2Nl535 30 -
2Nl531, 2Nl536 40 -
2Nl532, 2Nl537 50 -
2Nl533, 2Nl538 60 ------

Collector-Base Breakdown Voltage BYCBO volts 

Uc = 20 mA) 2Nl529, 2Nl534 40 -
2Nl530, 2Nl535 60 -
2Nl531, 2Nl536 80 -
2Nl532, 2Nl537 100 -
2Nl533, 2Nl538 120 -

-- -----
Current Gain hFEI -

(YcE = 2Y, le = 3A) 2Nl529 - 2Nl532 20 40 
2Nl534 - 2Nl537 35 70 
2Nl529 - 2Nl533 20 40 
2Nl534 - 2Nl538 35 79 

-- -----
Base-Emitter Saturation Voltage YBE(sat) 

volts 

(le= 3A, IB = 300 mA) 2Nl529 - 2Nl532 - I. 7 
2Nl534 - 2Nl537 - 1.5 
2Nl 529 - 2Nl 533 - I. 7 
2Nl534 - 2Nl538 - 1.5 

Collector-Emitter Saturation Voltage y CE(sat) 
--~ 

Uc = 3A, IB = 300 mA) 2Nl529 - 2Nl532 - 1.5 
2Nl534 - 2Nl537 - 1.2 
2Nl529 - 2Nl533 - 1.5 
2Nl534 - 2Nl538 - 1.2 

---- mho! Transconductance gFE 
(VCE = 2Y, le= 3A) 2Nl529 - 2Nl532 1.2 -

2Nl534 - 2Nl537 1.5 -
2Nl529 - 2Nl533 1.2 -
2Nl534 - 2Nl538 1.5 -
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---Motorola Power Transistors---

2N1529 thru 2N1538 (continued) 

POWER-TEMPERATURE OERATING CURVE 

!i~fIJiskTI 
~ 0 20 40 60 80 100 110 

Tc, CASE TEMPERATURE (°C) 

COLLECTOR CURRENT versus BASE CURRENT 

-0 Lo --,_'-os--o . .L10--o-'-.1s---',_,-,--,-'_,-5 --,-'_30 

11, BASE CURRENT {AMPS) 

SWITCHING TIME MEASURING CIRCUIT 

TEST TRANSISTOR 

lo :::: son 
------: r---

! ! 20V l__J 

PULSE Gt:NERATOR 

TYPICAL SWITCHING CHARACTERISTICS 

1, v R td+t, t, t, 
(Amps} (Volts) (ohms) (µsec) (µsec) [µsec) 

2N1529·33 3 3 65 10 2 5 

2N1534·38 3 3 100 8 3 5 

... 
The maximum c'oritinuous power is 
related to maximum junction tempera
ture, by the thermal resistance fac
tor. For d. c. or frequencies below 
25 cps the transistor must be operated 
within the constant Pn = V c x le 
hyperbolic curve. This curve has a 
value of 106 Watts at case tempera
tures of 25°c and is O Watts at 110°c 
with a linear relation between the two 
temperatures such that 

Pn allowable = 110° - Tc 
. 08 
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COLLECTOR CURRENTversus EMITTER BASE VOLTAGE 

Vu, EMITT£R·BASE VOLTAGE (VOLTS) 

DC CURRENT GAIN versus 

COLLECTOR CURRENT 

3.0 

1251----1\~-l-->--1--+---!-4---!-4---i 

100 ~_...~_,,"',__..._.,_-+--1--<--i--<--l 

751----1--+--1>-~+--+--+---!--1---!--4 N ~2N1534-2N1538, 
50f---l---'""=-l--+--l--"""-i...:::-+-+--+-~ 

't-i--+_ ~ 

0 0 1.0 2.0 3.0 4.0 5.0 
le, COLLECTOR CURRENT (AMPSl 



---Motorola Power Transistors--

2N 1539 thru 2N 1548 Pc= 106W 
lc=SA 
Vcao = 40-120V 

CASE 3 
(T0-3) 

PNP germanium power transistors for switching and 
amplifier applications in high-reliability equipment. 

For units with solder lugs attached, 
specify devices MP1539A etc. 

MAXIMUM RATINGS 

Ch•acteristics Symbol 

Collector-Emitter VcEX 
Voltage 

Collector· Emitter 
Voltage 

VCES 

Collector-Emitter VcEO 
Voltage -

Collector· Base Vcao 
Voltage 

Emitter-Base VEBO 
Voltage -

Collector Current Ic 
(Continuous) 

Collector Current 
(Peak) 

Ic 

Collector .Junction TJ 
Temperature Range 

Collector Dissipation 
(25 C Case Temp.) 

Pc 

Thermal Resistance 9JC 

2N1539 
2N1544 

40 

30 

20 

40 

20 

5 

-
10 

-
106 

The maximum continum1s power is 

2N154ll 
2N1545 

60 

45 

30 

60 

30 

5 

10 

106 

2N1541 2N1542 2N1543 
2N1546 2N1547 2N1548 Unit 

80 100 120 Vdc 

- -
60 75 90 Vdc 

--- -
40 50 60 Vdc --
80 100 120 Vdc 

--
40 50 60 Vdc 

--
5 5 5 Amps 

--
10 10 10 Amps 

--
-65 to +110 c 

--
106 106 106 Watts 

----
0. 8 0 c/w 

POWER - TEMPERATURE DERATING CURVE 

related to maximum junction tempera- 110 

ture, by the thermal resistance fac- §°1016E==P::=:::::r::==::i===~=:::::r:::::::::i 
tor. Ford. c. or frequencies below ~.J.OO ~ 
2 5 cps the transistor must be operated ~ 801----1---i.::""~~--1---1----1----1 
within the constant Pn =Ve x le ~ 60 ...... -........ 
hyperbolic curve. This curve has a ~ 40,__ _ __, __ _. __ _.._""-._"""".._ __ ...__. 

value of 106 Watts at case tempera- i 2o.._ _ _,_ __ ...._ _ __.,__ _ _,_b--.,_""~_..__, 
tures of 25°c and is O Watts at 110°c ~ 0 ...._ _ _._ __ ....._ _ _.._ __ ..__ _ __._~~ 
with a linear relation between the two ~ 0 
temperatures such that 

Pn allowable = 110° - Tc 
0. 8 
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---Motorola Power Transistors-

2N1539 thru 2N1548 (continued) 

ELECTRICAL CHARACTERISTICS (At 25°C case temperature unless otherwise specified) 

Parameter Symbol Min Max Unit 

Collector-Base Cutoff Current 1ca01 mA 
1vc8 • 25 VJ 2Nl539, 2Nl544 - 2.0 
(Vea • 40 VJ 2Nl 540. 2Nl 545 - 2.0 
(Vea • 55 VJ 2Nl541. 2Nl546 - 2.0 
<vca • 65 VJ 2Nl542. 2Nl547 - 2.0 
(Yes = BOV) 2Nl543. 2Nl548 - ..l.2. --Collector-Base Cutoff Current 1cao mA 
(Vea • 2 VJ All Types - 0.2 
(Vea = 11 2 BVcEs rating_, All Types - 20 
Tc. • 90°C) - - -Emitter-Base Cutoff Current 1EBO mA 
(VEB" 12 V) All Types - 0.5 - - -Collector-Emitter Breakdown Voltage t BVcEst volts 
(le· 500 mA) 

2NI 539, 2NI 544 30 -
2Nl540, 2N1545 45 -
2Nl541, 2Nl546 60 -
2Nl542, 2Nl547 75 -
2Nl543, 2N!548 ~ - --Collector-Emitter Leakage Current 1cEx mA 

(V BE • IV, V CE @ rated BV cao) All 'fypes - 20 - - -Collector-Emitter Breakdown Voltaget 
(le". 500 mA, la • 0) 

BVcEot volts 

2Nl539, 2Nl544 20 -
2Nl540, 2Nl545 30 -

I 
2Nl541, 2Nl546 40 -
2N1542, 2Nl547 50 -
2Nl543, ,2Ni548 60 -- - -

Collector-Base Breakdown Voltage Bvcao volts 
(le· 20 mA) 

2N!539, 2N1544 - 40 
2N1540, 2N1545 - 60 
2Nl541, 2N1546 - 80 
2Nl542, 2N1547 - 100 
2Nl543, 2N1548 - 120 - -- -

Current Gain hFEI -
(VcE • 2V, le• 3A) 

2Nl539 - 2Nl542 50 100 
2Nl544. - 2Nl547 75 150 
2N1539 - 2N1543 50 100 
2Nl544 - 2N1548 75 150 -- - -Base-Emitter Drive Voltage VBE volts 

(le • 3 A, Ia • 300 mA) 
2Nl539 - 2Nl542 - 0. 7 
2N1544 - 2Nl547 - o. 5 
2Nl539 - 2N1543 - 0. 7 
2Nl544 - 2Nl548 - 0. 5 --- - --

Collector Saturation Voltage VcE(sat) volts 
(IC. 3A, la. 300 mA) 

2Nl539 - 2Nl542 - 0.6 
2Nl544 - 2Nl547 - 0.3 
2N1539 • 2Nl543 - 0.6 
2Nl544 - 2Nl548 - 0.3 - - -

Transconductance gFE mhos 
(VcE•2V, ic·3A) 

2N1539 - 2N!542 3.0 -
2Nl544 - 2N1547 5. 0 -
2N1539 - 2Nl543 3. 0 -
2Nl544 - 2Nl548 .l...2-. - --Frequency Cutoff 1 •• 

r,, kc 
(VcE • 2 v, 'c • 3 A) All Types 4 

• Characteristics apply to corresponding, non-A type numbers also 
To avoid excessive heating of collector junction, perform this test with a sweep method 
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---Motorola Power Transistors--

2N 1539 thru 2N 1548 (continued) 

SWITCHING TIME MEASURING UNIT 

Z0 = 50!1 

2ovi .... .i 
PULSE GENERATOR 

COLLECTOR CURRENT versus EMITTER BASE VOLTAGE 

0.1 0.2 0.3 0.4 

V.,, EMITTER-BASE VOLTAGE (VOLTS) 

SAFE OPERATING AREAS 

The Safe Operating Area Curves indicate 
le - Vee limits below which the device will 
not go into secondary breakdown. Collector 
load lines for specific circuits must fall 
within the applicable Safe Area to avoid 
causing a collector-emitter short. (Case 
temperature and duty cycle of the excur
sions make no significant change in these 
safe areas.) To insure operation below the 
maximum TJ, the power-temperature de
rating curve must be observed for both 
steady state and pulse power conditions. 

COLLECTOR-!:MITTERVOLTAGE(VOLTSI COLLECTOR.£MITTERVOLTAGE(VOLTSJ 

6-51 

DIYICU CDndltlons* sw1t::rn1:~1mes 
le v R 

(Amps) (Volts) (ohms) 

2N1539-43 3 3 165 

2Nl544-4B 3 3 250 

"'Input Pulse Repetition Rate= 2 kc, 
Pulse Width = 50 µ.sec 

t,,+t, t, t, 
(µ.sec) (µsec) (µsec) 

5 3 5 

5 3 B 

COLLECTOR CURRENT versus BASE CURRENT 

VcE=- 2 V 

10 20 30 40 50 60 

l,, BASE CURRENT ( mA) 

2N153_9, 2N1544 

COLLECTOR.£MITTERVOLTAGE(VOLTSI 

COLlECTOR·EMITTERVOLTAGE{'IOLTSJ COUECTOR-EMITTERVOLTAGE!VOLTS) 

90 
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-Motorola Power Transistors--

2N1539 thru 2N1548 (continued) 

BASE CURRENT versus EMITTER BASE VOLTAGE 
100 T T 

90 Vc:li=-2V 

l _l_ 
I I 80 

i 70 
2Nl539-2Nl543 \ -

l ! [ 
t------1 2Nl544-2Nl548 -~'--.....I l 

#-
~ v 

30 

20 

10 

0.1 0.2 0.3 0.4 0.5 0.6 
V.,, EMITIER·BASE VOLTAGE (VOLTS) 

2N 1549 thru 2N 1560 

OC CURRENT GAIN versus COLLECTOR CURRENT 
240~~--~--~1-1~--~--~ 

V"= - 2V 

200 1--+---<>---+---<--+---<--+---<--+----t 

z 1601--+---<>---+---<--+---<--+---<f---+----t 

il 
2Nl544-2N1548 

iS 
~ 120 " ~ ~ 
soH~t"+Ri.-~l:t:E5 
40 f---1 2Nl539-2Nl543 I ~-+--+-+--+-+--! 

0 .........___.__l l..__._l ~~ 
0 

le, COLLECTOR CURRENT (AMPS) 

Pc=106W 
le= 15A 
Vceo=40-100V 

CASE 3 
(T0-3) 

PNP germanium power transistors for switching and 
amplifier applications in high-reliability equipment. 

For units with solder lugs attached, 
specify devices MP1549A etc. 

MAXIMUM RATINGS 

Characteristic 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current (Continuous) 

Collector Current (Peak) 

Collector Junction Temperature 

Collector Dissipation 
(25 C Case Temp. ) 

Thermal Resistance 

Symbol 

VCEX 

VCES* 

VCEO* 

VCBO 

VEBO 

IC 

IC 

TJ 

Pc 

OJC 

2N1549 2N1550 2N1551 2N1552 
2N1553 2N1554 2N1555 2N1556 Unit· 
2N1557 2N1558 2N1559 2N1560 

40 60 80 100 Vdc -- -- -- --
30 45 60 75 Vdc - -- - --20 30 40 50 Vdc 

-- -- -- -40 60 80 100 Vdc 

-- -- - --20 30 40 50 Vdc 

-- -- -- --
15 15 15 15 Amp - -- - --
20 20 20 20 Amp 

-- -- -- -
- -65 to +110 - c -- -- -- -

106 106 106 106 Watts 

-- -- ----- o. 8 - °C/W 

*To avoid excessive heating of collector junction, perform this test with a sweep method. 
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---Motorola Power Transistors--

2N1549 thru 2N1560 (continued) 

ELECTRICAL CHARACTERISTICS (At 25°C case temperature unless otherwise specified) 

Parameter Symbol Min Max Unit 

Collector-Base Cutoff Current icso1 mA 
(Vcs = 25 VJ 2Nl549', 2N1553, 2Nl557 3.0 
(Vcs = 40 VJ 2Nl550, 2Nl554, 2Nl558 3.0 
(Yes= 55 vJ 2N1551, 2Nl555, 2Nl559 3.0 
(Yes= 65 VJ 2Nl552, 2N1556, 2Nl560 3.0 

Collector-Base Cutoff Current Icso mA 
(Yes= 2 VJ All Types 0.2 
(Vcs = 1/2 BVcES rating; 20 
Tc= •90 CJ 

Emitter-Base Cutoff Current lEBO mA 
(VEB = 12VJ All Types 0.5 

Collector-Emitter Breakdown Voltage BVcES volts 
(Ic = 300 mAJ 

2N1549, 2Nl553, 2Nl557 30 
2Nl550·, 2N1554

1
, 2N1558 45 

2N1551, 2N1555., 2Nl559 60 
2N1552, 2Nl556, 2Nl560 75 

Collector-Emitter Leakage Current 1CEX mA I (VBE = 1 v, VcE@ rated BVcsoJ 
All Types 20 

Collector-Emitter Breakdown Voltage BVcEO volts 
(le = 300 mA, 18 = OJ 

2Nl549, 2N1553, 2Nl557 20 
2Nl550, 2Nl554, 2Nl558 30 
2N1551., 2Nl555, 2Nl559 40 
2N1552, 2Nl556, 2Nl560 50 

Collector-Base Breakdown Voltage BVcso volts 
(le= 20 mA) 

2N1549 1 2Nl553, 2Nl557 40 
2Nl550, 2NJS54, 2Nl558 60 
2N1551, 2Nl555, 2N1559 80 
2Nl552, 2N1556, 2Nl560 100 

Current Gain hFEl 
(VcE =2 v, le ·10 A) 

2N1549 - 2N1552 10 30 
2Nl553 - 2Nl556 30 60 
2Nl557 - 2Nl560 50 100 

Base-Emitter Drive Voltage VBE volts 
(re = 20 A, 18 • 1 AJ 

2Nl549 - 2Nl552 !. 3 
2N1553 - 2N1556 !. 0 
2Nl557 - 2Nl560 0.7 

Collertor Saturation Volta~e VcE(sat) volts 
(le = 10 A, Is = !. 0 A) 

2Nl 549 - 2Nl 552 1.0 
2Nl 553 - 2Nl 556 0.7 
2Nl557 - 2Nl560 0.5 
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---Motorola Power Transistors--

2N1549 thru 2N1560 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Parameter 

Transconductance 
(V CE= 2 V, le = 10 A) 

2Nl549 - 2Nl552 
2Nl553 - 2N1556 
2Nl557 - 2Nl560 

Frequency Cutoff 
2Nl549 - 2Nl552 
2N1553 - 21'1556 
2N1557 - 2!>1560 

Characteristics appI,· to corresponding. non-A tvpe numbers also 

Symbol 

gFE 

f ae 

Min Max 

6 18 
8 30 

12 40 

Typ 
10 

6 
5 

To avoid excessive h<·ating of collector junction. perform this test with a sweep method 

Unit 

mhos 

kc 

COLLECTOR CURRENT versus BASE CURRENT COLLECTOR CURRENT versus EMITTER-BASE VOLTAGE 

i 10 

I 
I 
.2 

o._...._~.._...._~.._...._~.._...._~.._....___. 

0 ~ u ~ ~ u 

I,. BASE CURRENT (AMPS) 

CURRENT GAIN versus COLLECTOR CURRENT 
140 r-r-r-r-r-r-r-r-r-r-r-r-r-r-r-,....-, 

120 t-t~......--+--+T-T+--<T,_T+-+-+-+--<Vc,__•=-+--2~V-+-+-< 

~2Nl557·2Nl560 
1001--+-+-+t'.,..,-+-+-+-+-+-+-+-+-+-+-+-l 

~ 80 ~ 
~ t-"--~Nl5! f!"----f""!-..i--+-+-+-+-l B r-"' ~1NJis1 1' 
l 60 CH 

) I I I I 
N 

40 ~2Nl549·2Nl552 
~t-t--ir-+-+ ...... -+~-T'-t-.±-+-t--ir-+-+-+-+-~ 

1-t-< 
0 ......................................................................... ....... 

I 10 

i 
g 

I 
.2 

V.,, EMITTER-BASE VOLTAGE (VOLTS) 

BASE CURRENT versus EMITTER-BASE VOLTAGE 

I .. t--+-+--t--t-_,f--+-+--f--t---i 

~ 0.4 t--t-+--t-+--;f--+--+,H-+~ 

0.2 

0 10 12 14 16 0.2 OA 0.6 0.8 1.0 

le, COLLECTOR CURRENT (AMPS) V.,, EMMITER-BASE VOLTAGE (VOLTS) 
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---Motorola Power Transistors--

2N 1549 thru 2N 1560 (continued) 

SAFE OPERATING AREAS 

The Safe Operating Area Curves indicate le -
VcE limits below which the device will not go into 
secondary breakdown. Collector load lines for spe
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 

(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum TJ, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 

2Nl541,2N1553,2111551 2fU550,IN11iM,21UH8 21U551,2N1555,2tl1519 2111552, 2N1551,2N1511 

i 5 lcMUCOlfT. K° 

: I r::f'K ro 
L "" B ~:til~ISSIPATIDN 11 """'~'"'"""" " 

350 5 JO 15 20 25 30 35 40 45 50 0 5 10 15 20 25 311 35 40 45 ~ 55 60 650 10 20 30 40 50 60 70 80 

COl.l.ECTOR.£MITTEIYOl.TAGEMll.TS) COLLECTOR-tMITTERVOLTAGEIVOLTSl COLLECTOR.£MITTERVOLTAG£(VOLTSJ COUECTOfl.£MITTtRVOl.TAGEty(ll.TSj 

The maximum continuous power is 

~ 

""' 
related to maximum junction tempera- _ 110 
ture, by the thermal resistance fac- !ggg 
tor. For d. c. or frequencies below ~ 80 
25 cps the transistor must be operated~ 60 
within the constant PD = Ve x le ill 
hyperbolic curve. This curve has a 0 40 

.. s 
value of 106 watts at case tempera- i 20 

tures of 25oc and is O watts at 110°c ~ 
with a linear relation between the two 0 20 40 60 

I".: 
~ 

80 100 110 

temperatures such that Pl) allowable 
=uo0 - Tc 

Tc, CASE TEMPERATURE (°C) 

o. 8 

Z0 = 50n 

! 

2ovL. __ j 
PULSE GENERATOR 

SWITCHING TIME MEASURING UNIT 
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Devices Conditions"" 

le v R 
(Amps) (Volts) (ohms) 

2N1548 -52 10 10 10 
--2N1553 :0- 10 10 30 

2N1057--=6lr 10 10 50 ....., -Input Pulse Repetition Rate - 2 kc, 
Pulse Width = 50 µsec 

swn:lr~:~111es 
t,,+t I, t, 
(µsec) (,u.sec) (sec) 

5 2 10 
10 5 25 
10 5 25 

I 
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---Motorola Power Transistors--

2N1970 

2N 1980 thru 2N 1982 

Pc= 170W 
le= 15 A 
Vcao = 50-100 V 

~ PNP germanium power transistors for general pur
pose amplifier and switching applications. 

CASE 5 ~ ~. ~ 
(T0-36) 

MAXIMUM RATINGS 

Characteristic Symbol 2N1970 2N1980 2N1981 2N1982 Unit 
Collector-Base Voltage VcBo 100 50 70 90 Volts 

--- --- ---- ---
Collector-Emitter Voltage VcEO 50 30 40 50 Volts 

--- --- ---- ---
Emitter-Base Voltage VEBO 40 20 20 20 Volts 

--- --- ---- ---
Collector Current Ic 15 15 15 15 Amps 

--- --- ---- ---
Power Dissipation at Tc= 2s0c Pc 170 170 170 170 Watts 

~--- --.--
Junction Temperature Range TJ -65 to +110 

--oc--

ELECTRICAL CHARACTERISTICS TA= 25°C unless otherwise noted 

Characteristic ~mbol Min Max Unit 
Collector-Base Cutoff Current 1CBO mAdc 

(VCB = ·100 Vde) 2N1970 - 4 

(VCB = -50 Vdc) 2Nl980 - 6 

(VCB = ·70 Vdc) 2Nl98! - 6 

(vcB=·90Vdc) 2N!982 - 6 

(VCB =·2 Vde) 2Nl980·2NJ982 - 0. 3 
Emitter-Base Cutoff Current 1EBO 

mAdc 

(VEB =-40 Vdc) 2Nl970 - 4 

(VEB = • 20 Vdc) 2Nl980-2Nl982 - 5 

(VEB = • 2 Vde) 2Nl980-2Nl982 - 0. 3 

Collector-Emitter Breakdown Voltage BVCEO 
Vdc 

Uc =I Ade, IB = 0) 2N!970 -50 -

2N!980 -30 -
2Nl98! -40 -

2Nl982 -50 -
Base-Emitter Voltage 

VBE 
Vde 

(VCE = -2 Vde, IC= 5 Ade) 2Nl970 - -0. 9 

Emitter Floating Potential 
VEBF 

vdc 
(V CB = -50 Vde) 2NI980 - -1. 0 

(V CB= -70 Vde) 2Nl981 - -1. 0 

(V CB= -90 Vde) 2Nl982 - -1. 0 

Collector-Emitter Saturation Voltage 
VCE(sat) Vde 

(le= 12 Ade, 18 = 2 Ade) 2Nl970 - -1. 0 

(le = 5 Ade, 18 = 0. 5 Ade) 2Nl980-2NJ982 - -0. 5 

--- --- ---
DC Current Gain hFE -

(le " 5 Ade, v CE = -2 Vdc) 2N!970 17 40 

2Nl980-2Nl982 50 JOO 

(le= 12 Ade, v CE.= -2 Vdc) 2N1970 JO -

---- --- ---
Common Emitter Cutoff Frequency 1 •• kc 

iYcE = -4 v, le= 5 A) 2NJ970 5 -

(VCE = -5 V, IC= 2A) 2NJ980-2NJ982 3 -
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---Motorola Power Transistors---

2N2075 thru 2N2082 Pc= 170W 
le= lSA 

CASE 5 
(T0-36) 

MAXIMUM RATINGS 

CHARACTERISTIC 

Collector- Base Voltage 

Collector-Em1tter Voltage 

Col!ector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Power Dissipation at TC "' 25 C 

JWlction Temperature Range 

Thermal Resistance, Junction to 
Case, 

175 

~ ~ 
! 150 
i5 "' ~ 

v CBO = 40-BOV 

PNP germanium power transistors for high-power 
applications in high-reliability equipment. 

Apply to corresponding "Meg-A-Life" series also 

SYMBOL 2N2078 2N2077 2N2076 2N2075 UNIT 2N20B2 2N20B1 2N20BO 2N2079 

VcBO 40 50 70 80 Volts ---- ---- ---- ---- ---- ---
VCES 40 50 '10 80 Volts 

---- ---- ---- --- ---- ---
V(;J>U 25 45 55 65 Volts ----
VEBO 20 25 35 40 Volts ---- ---- ---- --- ---- ---__ re __ 15 15 15 15 Amps ---- ---- --- ---- ---Pc 170 170 170 170 Watts 

---- ---- ---- --- ---- ---
TJ -65 to+ 110 'C ---- ---
OJC 0.5 'C/W 

POWER TEMPERATURE DERATING CURVE 
~ 125 
iii 
Q 

i 100 ~ 
The maximum average power is related to maxi· 

mum junction temperature by the thermal resistance 
factor. 

:ii 75 
ill 
~ 50 
~ 
l:: 25 
.t 

0 

~ 
~ 

' ~ 
~ 

0 10 20 30 40 50 60 70 80 90. 100 110 

T co CASE TEMPERATURE (°C) 
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This curve has a value of 170 Watts at case tem· 

fl~~~t~rr~~a~f o~5 ~~:e°e~ i~h~ ~~1~e:~~~;~e:i:~ch 
that: 

110° -Tc al1owable Pv :::::: --0-5--

I 
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----Motorola Power Transistors---

2N2075 thru 2N2082 (continued) 

J::LECTRICAL CHARACTERISTICS (At 25°C case temperature unless otherwise specified) 

CHARACTERISTIC 

Collector-Base Cutoff Current 
(VCB = -40V, VEB = -1.5 V) 2N2078, 2N2082 
(V CB = -50 V, V EB = -1.5 V) 2N2077, 2N2081 
(VCB = -70 V, VEB = -1.5 V) 2N2076:, 2N20SO 
(V CB = -80 V, V EB = -1. 5 V) 2N2075, 2N2079 

Collector-Base Cutoff Current 
(VCB = v CB max' 1E = o, Tc= +71 ·c) All Types 

Collector-Base Cutoff Current 
(V CB = -2 V, IE = 0) All Types 

Emitter-Base Cutoff Current 
(V EB = -20 V, JC = O) 2N2078, 2N2082 
(V EB = -25 V, IC = O) 2N2077, 2N2081 
(V EB = -35 V, IC = O) 2N2076, 2N2080 
(V EB = -40 V, IC = 0) 2N2075, 2N2079 

Emitter-Base Cutoff Current 
(VEB = VEB max, le= 0, Tc= •71'C All Types 

Collector-Emitter Breakdown Voltage* 
(IC = 300 mA, V EB = O) 2N2078, 2N2082 

2N2077, 2N2081 
2N2076, 2N2080 
2N2075, 2N2079 

Collector-Emitter Breakdown Voltage* 
(IC • 1.0 A, IB = O) 2N2078, 2N2082 

2N2077, 2N2081 
2N2076, 2N2080 
2N2075, 2N2079 

Floating Potential 
(V CB = -40 V, IE = O) 2N2078, 2N2082 
(V CB= -50 V, IE = 0) 2N2077, 2N2081 
(V CB= -70 V, IE = O) 2N2076, 2N2080 
(V CB = -80 V, IE = O) 2N2075, 2N2079 

DC Current Transfer Ratio 
(IC = 1.2 A, V CB = -2 V) 2N207, thru 2N2078 

2N2079 thru 2N2082 
(IC = 5 A, V CB = -2 V) 2N2075 thru 2N2078 

2N20'i9 thru 2N2082 
(IC = 12 A, V CB = -2 V) 2N2075 thru 2N2078 

2N2079 thru 2N2082 
(IC= 5 A, VCB = -2 V, TC= -55'C) 2N2075 thru 2N2078 

2N2079 thru 2N2082 

Collector-Emitter Saturation Voltage 
(IC = 12 A, IB = 2 A) 2N2075 & 7€, 2N2079 & 80 

2N2077 & 78, 2N2081i & 82 

Base-Emitter Voltage 
(IC = 5 A, V CB = -2 V) All Types 

~ommon~mitter'"Cutoff Frequency 
(IC = 5 A, V CE = -6 V) All Tvoes 

)Il'1se"fime 
("On" IC= 12 A, V CE= -12 V, IB = 2 A) 2N2075 thru 2N2078 

2N2079 thru 2N2082 

Fall Time 
("Off" IC = 0, VEB = -6 V, REB =JO Ohms) 2N2075 thru 2N2078 

2N2079 thru 2N2082 

• To avoid excessive heating of collector junction, perform this 
test with a sweep method. 
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SYMBOL MIN MAX 

1CB1 - 4.0 
- 4.0 
- 4.0 
- 4.0 

1CIJO - 15 

1CIJO - 200 

1EBO - 4.0 
- 4.0 
- 4.0 
- 4.0 

1EBO - 15 

IJV CES 
-40 -
-50 -
-70 -
-80 -

BVCEO 
-25 -
-45 -
-55 
-65 -

vfl 
- 1.0 
- 1.0 
- 1.0 
- 1.0 

hFE 
25 100 
40 160 
20 40 
35 70 
8 -
12 -
15 -
25 -

V CE(sat) - 0.7 
- 0,9 

VBE - 0.9 

f 
ae 5 -
t r 

Typ 
9 
6 

tf 
12 
13 

UNIT 

mAdc 

mAdc 

jµAdc 

mAdc 

llAdc 

Vdc 

\'de 

\'de 

Vdc 

Vdc 

kc 

µsec 

µsec 



---Motorola Power Transistors---

2N2075 thru 2N2082 (continued) 

SAFE OPERATING AREAS 
60 
50 
40 
30 

10 20 30 40 50 50 70 80 90 100 

COLLECTOR.EMITTER VOLTAGE (VOLTS) 

iii:==r:==::i:::;;;:;;~;;;;;;;;-:::::i===ir===i 
401--+---t+-~~---+--+----1 

301---f-----'f-----t---t---t---t--+ 

2ol-.--..:~""""~;;;:;'1~-:::o1-=--t---t----i 

101----'k--'<-l----"'l""''ll..f---t---t--+ 

~ 
~ 51===t==='~;::P~~;l===1==~ 

u 

0.5 l--+--+--f--
0.4 1--+--+--+---t+--111---t---t 

0.3 

0.2 

10 20 30 40 50 60 70 
COLLECTOR·EMITTER VOLTAGE {VOL TS) 

The Safe Operating Area Curves indicate le -
V cE limits below which the device will not go into 
secondary breakdown. Collector load Jines for spe
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 

i 
" 

u 

60 
so 
40 

30 

2N2076, 2N2080 
I--+---+--+- J_ +---+---+---< 

5 msec 1 msec 500 µsec 250 µsec 
20 

10 

3 

0.5 
0.4 
0.3 

170WATTf7 ~ 1 
POWER DISSIPATION AT -t-'rl--+t---f---t--j 

"I "1 TT"t dl )'j_+-t-,..,,:s:i_,_--t-+----< 

J_ 
TO 80V, 8 mA 

0.2 t-- ~~N~A~~~~~~ ~~~~/Eo ---1--<+--+--+--< 

1°' lLSElURvl oT -i--{l_ 
0.1 L-...J....--'-.l--L......Jl..-..J....-L-'-,__.__.. 

0 10 20 30 40 50 60 70 BO 90 100 

COLLECTOR-EMITTER VOLTAGE (VOL TSJ 

iir:===::::i::==~2nN~2om1~a.•2~N2?no~a2>==+====~ 
401---+--~--~--+---< 

301----+---+---+---+---+ 

do 

0.51----+----+---+----tl---< 
0.41----t---+---+--~+----i 

031----+---+---+---l-----1 

0.21----t---+---+---l----i 

10 20 30 40 
COLLECTOR-EMITTER VOLTAGE (VOLTS) 

50 

(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum T1, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 

2N2075·2N2078 

CURRENT TRANSFER CHARACTERISTICS TRANSCONDUCTANCE CHARACTERISTICS 
12 

i 10 

"' 5 ,__ 
z 
~ 
~ 

=> 
u 
~ 

~ 
J3 

0.1 0.2 0.3 0.4 0.5 
I,, BASE CURRENT (AMPERES) 

~ 
~ ,__ 
z 
~ 
~ 

=> 
u 
~ 
0 ,__ 
u 

0 
u 

J3 

0.6 0.7 

6-59 

10 

0.1 0.2 0.3 0.4 0.5 0.6 
V.,, BASE EMITTER VOLTAGE (VOLTS) 

0.7 0.8 
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---Motorola Power Transistors---

2N2075 thru 2N2082 (continued) 
2N2079·2N2082 

CURRENT TRANSFER CHARACTERISTICS 
12 12 

~ 10 ~ 10 

:!:' :!:' 
~ ~ 

~ 
z z 

"' "' "' "' " " u u 

"' "' 0 

~ 
~ 
~ 

8 8 
_;, _;, 

0 
0.6 

I,. BASE CURRENT (AMPERES) 

2N2137 thru 2N2146 

0 

TRANSCONDUCTANCE CHARACTERISTICS 

0.1 0.2 0.3 0.4 0.5 0.6 0.7 
V,., BASE-EMITTER VOLTAGE (VOLTS) 

Pc=70W 
lc=3A 

0.8 

V CBO = 30-90 V 

I 

~ PNP germanium industrial power transistors for 

CASE 
driver applications in high reliability equipment. 

(T0-3 

ABSOLUTE MAXIMUM RATINGS 

Characteristic Symbol 2N2137 
2N2142 

Collector-Base Voltage Vceo 30 

Collector-Emitter Voltage VcEs 30 

Collector-Emitter Voltage Vcw 20 

Emitter-Base Voltage VEBO 15 

Collector Current le 3 

Power Dissipation at Tc=25°C Pc 70 

Junction Temperature Range T, 

Thermal Resistance, Junction to. 8Jc 
Case,. 

BOr----.----.-----.---..---. 

70 1--""'"" 
601----~~-"""'"-+-----+----l---1 

~ 401-----+----+---' ....... ~---+--I 

20 l----+---+---"l-~~--1---l 
0 ~.........____.___..____~____.__..~ 

0 25 50 75 100 110 

Tc, Case Temperature (°C) 

2N2138 2N2139 2N2140 2N2141 Unit 2N2143 2N2144 2N2145 2N2146 

45 60 75 90 Volts 

45 60 75 90 Volts 

30 45 60 65 Volts 

25 30 40 45 Volts 

3 3 3 3 Amps 

70 70 70 70 Watts 

-65 TO +110 oc 

1.2 °C/W 

POWER TEMPERATURE DERATING CURVE 

The maximum continuous power is 
related to maximum junction tempera
ture by the thermal resistance factor. 
This curve has a value of 70 Watts at 
case temperatures of 2 5oc and is 0 
Watts at 110oc with a linear relation 
between the two temperatures such 
that: 

allowable Po = 110° - Tc 
1. 2 
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---Motorola Power Transistors---

2N2137 thru 2N2146 (continued) 

ELECTRICAL CHARACTERISTICS (At 25°C case temperature unless otherwise specified) 

Characteristic Types Symbol Minimum Typical Maximum Unit 

Collector-Base Cutoff Current le10 µAde 
CVc1 = -2 V, 1, = OJ All Types 18 50 

Collector-Base Cutoff Current leoo mAdc 
CVc1 = -30 V, I,= OJ 2N2137,2N2142 0.1 2 
CVc1 = -45 V, 1, = OJ 2N2138, 2N2143 0.1 2 
(Vc1 = -60 V, I, = 0) 2N2139, 2N2144 0.1 2 
(Vc1 = -75 V, I,= 0) 2N2140,2N2145 0.1 2 
(Vc1 = -90 V, I, = 0) 2N2141,2N2146 0.1 2 

Collector-Base Cutoff Current lc10 mAdc 
(Vc1 = Vc1 ..... I,= 0, Tc= +71°C) All Types 0.75 5 

Emitter-Base Cutoff Current '''° mAdc 
(V., = -15 V, le= 0) 2N2137,2N2142 0.08 2 
(V., = -25 V, le = 0) 2N2138,2N2143 0.08 2 
(V., = -30 V, le= 0) 2N2139,2N2144 0.08 2 
(V., = -40 V, le::;: 0) 2N2140,2N2145 0.08 2 
(V., = -45 V, le = 0) 2N2141,2N2146 0.08 2 

Emitter-Base Cutoff Current l,oo mAdc 
(V,. = v., ""'·le= 0, Tc= +71°C) All Types 0.5 5 

Collector-Emitter Breakdown Voltage* BVeES Vdc 
Oc = 300 mA, V., = 0) 2N2137,2N2142 -30 

2N2138,2N2143 -45 
2N2139,2N2144 -60 
2N2140, 2N2145 -75 
2N2141,2N2146 -90 

Collector-Emitter Breakdown Voltage• BVcEO Vdc 
Oc = 500 mA, 11 = 0) 2N2137,2N2142 -20 

2N2138,2N2143 -30 
2N2139,2N2144 -45 
2N2140,2N2145 -60 
2N2141. 2N2146 -65 

Floating Potential v ... Vdc 
(Vea = 30 V, I, = 0) 2N2137,2N2142 1.0 
(Vc1 = 45 V, 11 = 0) 2ri2138,2N2143 1.0 
(Vc1 = 60 V, I,= 0) 2N2139, 2N2144 1.0 
(Ve1 = 75 V, I,= 0) 2N2140, 2N2145 1.0 
(Ve1 = 90 V, I, = 0) 2N2141,2N2146 1.0 

DC Current Transfer Ratio h,. 
(le = 0.5 A, Vee = 2 V) 2N2137 • 2N2141 30 45 60 

2N2142 • 2N2146 50 70 100 
Oc = 2.0 A, Vee = 2 V) 2N2137 - 2N2141 15 25 

2N2142 • 2N2146 25 33 

Collector-Emitter Saturation Voltage Ve11.o11 Vdc 
Oc = 2.0 A, 11 = 200 mA) All Types 0.12 0.5 

Base-Emitter Voltage v,. Vdc 
(le = 2.0 A, 11 = 200 mA) All Types D.75 1.2 

Common Emitter Cutoff Frequency f ae kc 
Oe = 2.0 A, Vee = 6 V) All Types 12 20 

*To avoid excessive heating of the collector junction, perform these tests with an oscilloscope 
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---Motorola Power Transistors---

2N2137 thru 2N2146 (continued) 

SAFE OPERATING AREAS 

2N2137, 2N2142 

COLLECTOR-EMITTER VOLTAGE {V0t TSJ 

2N2139, 2N2144 

COLLECTOR-EMITTER VOLTAGE (VOLTS) 

2N2141, 2N2146 

~ 30 40 ~ W 70 M 90 JOO 

COLLECTOR-EMITHR VOLTAGE (VOLTS) 

2N2138, 2N2143 

Smsec lmsec SOOµsec 

COLLECTOR-EMITTERVCLTAGE (VOLTS) 

2N2140, 2N2145 

20 30 40 50 60 70 80 

COLLECTOR-EMITTER VOLTAGE (VOLTS) 

The Safe Operating Area Curves indicate le -
V CE limits below which the device will not go into 
secondary breakdown, Collector load lines for spe
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 
(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum T J, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 
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---Motorola Power Transistors---

2N2137 thru 2N2146 (continued) 

INPUT & TRANSFER CHARACTERISTICS 

BASE-EMITTER VOLTAGE versus COLLECTOR CURRENT 
All Types 

1.2 --------------~ 
VcE = 2V 

1.0 1----J..--.1---1---.1---1----l 

~ 
2:. 0.8 1----J..--.1---1---.1---J..---l 

~ 
~ 0.6 

! i1 0.4 

o._ _ _,_ __ .L.. _ _._ __ J._ _ _,_ _ __, 

0 I 2 

I" COLLECTOR CURRENT {AMPS) 

2N2152 thru 2N2154 
2N2156 thru 2N21 58 

OC CURRENT TRANSFER RATIO versus COLLECTOR CURRENT 

100 
Vc1 = 2V 

90 \ 

~= ~ "' I'-. 2N2142A. 2N2146A --, 

~ 601, ~ 7 
~50 ~ ~ z 
~40 ~ ~ 
j 30 7 ~ 
20~ 

L- 2N2137A • 2N2141A 
10 !---+---+---+--+---+----< 
o'---'---J.._--'---.L..--'----' 

0 2 
I,, COLLECTOR CURRENT {AMPS) 

Pc= 170W 
lc=30A 
Vcao = 45-75 V 

CASE 5 
(T0-36) 

PNP germanium power transistors for high-power, 
high-gain applications in high-reliability industrial 
equipment. 

MAXIMUM RATINGS 

Characteristic Symbol 2N2152 2N2153 2N2154 
Unit 2N2156 2N2157 2N2158 

~l!_ect~Base Vol_tage ~ 45 _6_0_ _7_5_ Volts ---
Collector-Emitter Volta11e ___ ~ __ 45_ __.@__ ....-15__ Volts 

Collector-Emitter Voltage ~ __ 30_ _4_5_ _6_0 _ Volts 

Emitter-Base Voltage ~ 25 _ 3_0_ _4_0 _ Volts 

Collector Current ____k_ -~ __ 30_ _3_0_ ~ 
Power Dissi~ation at T, = 25°C _P..i;__ _!ZQ_ _J]Q_ --1.ZlL_ _Wall!_ 

Junction Temperature Range T, - -65 to +110 oc ----=---- --- ---
Thermal Resistance, Junction to 

9Jc 0.5 °CJW 
Case, 
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---Motorola Power Transistors---

2N2152 thru 2N2154 2N2156 thru 2N2158 (continued) 

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

Characteristic SJ11bol Mlnl111um TJplcal Maxlmu111 Unit 

Collector-Base Cutoff Current I coo 
(Ve1 = -45 V, I, = 0) 2N2152,2N2156 - 0.9 4.0 mAdc 
(Yeo= -60 V, I, = 0) 2N2153, 2N2157 - 0.9 4.0 
(Yeo= -75 V, I,= 0) 2N2154,2N2158 - 0.9 4.0 

Collector-Base Cutoff Current I coo mAdc 
(Ve,= Yeo ..... I,= 0, Tc= +71°C) All Types - 4.0 15 

Collector-Base Cutoff Current I coo µAde 
(\ICI = -2 V, I,= 0) All Types - 80 200 

Emitter-Base Cutoff Current luo mAdc 
(V,. = -25 V, le = 0) 2N2152,2N2156 - 0.2 4.0 
(V,. = -30 V, le = 0) 2N2153, 2N2157 - 0.2 4.0 
(V,. = -40 V, le = 0) 2N2154,2N2158 - 0.2 4.0 

Emitter-Base Cutoff Current 1.,o mAdc 
(V., = V,._., lc = 0, Tc= +71°C) All Types - 2.7 15 

I Collector-Emitter Breakdown Voltage• BY cu Vdc 
Uc = 300 mA, V,. = 0) 2N2152, 2N2156 -45 - -

2N2153,2N2157 -60 - -
2N2154,2N2158 -75 - -

Collector-Emitter Breakdown Voltage• BVc•o Vdc 
Uc= 1.0 A, I,= 0) 2N2152, 2N2156 -30 - -

2N2153,2N2157 -45 - -
2N2154, 2N2158 -60 - -

Floating Potential v,.. Vdc 
(Yc1 = -45 V, I, = 0) 2N2152, 2N2156 - - 1.0 
(Ve,= -60 V, I, = 0) 2N2153, 2N2157 - - 1.0 
(Ve,= -75 V, I,= 0) 2N2154, 2N2158 - - 1.0 

DC Current Transfer Ratio h,. -
Uc = SA, Ye1 = 2 V) 2N2152, 2N2153, 2N2154 50 75 100 

2N2156,2N2157,2N2158 80 105 160 
Uc = 15A, Yeo= 2 V) 2N2152,2N2153,2N2154 25 47 -

2N2156, 2N2157, 2N2158 40 63 -
Uc = 25A, Ve1 = 2 V) All Types 15 38 -
Collector-Emitter Saturation Voltage Vc,1 .. 11 Vdc 
Uc = 5 A, 11 = 500 mA) All Types - 0.06 0.1 
(le = 25 A, 11 = 2 Al All Types - 0.2 0.3 

Base-Emitter Voltage v,. Vdc 
Uc = 5 A, 11 = 500 mA) All Types - 0.65 1.0 
Uc = 25 A, 11 = 2 A) All Types - 1.0 2.0 

Common Emitter Cutoff Frequency f .. 
Uc = 5 A, Ve, = 6 Vl All Types 2 2.7 

•To avoid excessive heating of the collector junction, perform these tests with an oscilloscope. 
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---Motorola Power Transistors---

2N2152 thru 2N2154 2N2156 thru 2N2158 (continued) 

SAFE OPERATING AREAS 

The Safe Operating Area Curves indicate le -
V cE limits below which the device will not go into 
secondary breakdown. Collector load lines for spe
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 

i 
" 5 
~ 
z 
~ 
~ 
:> 
~ 

~ 

~ 
8 

2N2152, 2N2156 

~g~ ¥l -TT-,-
40 _-1: ~ ~ ~ I~ (MAX:)-t--
30 'l'\. , \ I\ MP500 -t--
20 h., ~ MP504 

10 l-;<!'\l";;;N~~~b,,_..,'\'!;;:~:"1'\=~~t--r;;:::::t5=-:~;;;;;e:·,~, ;,'.I 
lc(MAX.)~N~~ 500µsec 

~ ~~~~;~ ~ -25Dµsec 

;; t-l i Z :S~33 -. I 
~ )7 IS: ~ 50 µsec_ 

~i3 170-WATT ~ OR LESS 
- POWER OIS.SIPATION AT 1):1~ 

25°C CASE TEMPERATURE v 'I 

~ 1--+-+--+-+---dc~ ~ 
0.5 t---+--+-+--+-__,>---+--+--+l--+---< 
0.4 l--+-+--+-+---+--+--t--+--1 .... _, ...... -i 
0.3 1--+-+--+-+---+--+--+--+-~I-.... 

0_2 t--+-+--+-+---+--+---+--+--t--i 

0.1-----------------------
0 10 20 30 40 50 

COLLECTOR-EMITTER VOLTAGE (VOLTS) 

2N2154, 2N2158 

60 
50 
40 
30 

20 

10 

0.5 

[ ~:::s: 10 (MAX.)-t--i Il: ~~~ MP502 --+---! 

~ '\~~ 1P5o:.i_ 

5msecT 

~ ~ 

~l 
lms:c--+-

~500µsec 
~t---2soµsec_ 

~ .... ~" J_ -
t 2-t--..~ 

t-170-WATT y ~50µsec 
OR LESS 

POWER DISSIPATION AT ~ 
25°C CASE TEMPERATURE 

l 
0.4 
0.3 

0.2 

0.1 
0 10 20 30 40 50 60 70 80 90 

COLLECTOR-EMITTER VOLTAGE (VOLTS) 

(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum T J, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 

2N2153, 2N2157 
60~-~~~~~-~--~~~-~ 
501-W"<--f."..-.>,.-+>.->.-+---j--t-+--+---< 
40141.--""'1--"o~,.....->,i----j--1 

301-1"""-+-'~_,.,,....,,....,._--j--

201---\-l'<l---~.-'"<1'~'t--I--+---+--~ 

i ,. 
5 
~ 

~ 
~ 2 
~ 

~ l 1--+---+---+--

8 

~ 

0.5 1---+---+---+--+--+--~o----< 
0.4 1---+---+---+--+--+---+---t 

0.3 I--+---+---+--+--+--+----< 

0.2 1---+---+---+--+--+---+----t 

0.1 .__...__...__ ...... _ _.... __ .__...__ ..... 

175 
170 

150 

125 

0 10 20 30 40 50 60 70 

COLLECTOR-EMITTER VOLTAGE (VOL TS) 

POWER-TEMPERATURE DERATING CURVE 

~ 
~ 

1100 

Ci 

bJ 
r\J i 75 

~ 50 
~ 
~ 

25 ~ 

0 bJ 
o w m ~ ® w w ro w • ~ m 

Tc, CASE TEMPERATURE l'CI 

The maximum continuous power is 
related to maximum junction tempera
ture by the thermal resistance factor. 
This curve has a value of 170 Watts at 
case t5mperatures of 25oc and is 0 Watts 
at 110 C with a linear relation between 
the two temperatures such that: 
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---Motorola Power Transistors-

2N2152 thru 2N2154 2N2156 thru 2N2l58 (continued) 

i 
2-0 

I 15 

I 
.J} 10 

TYPICAL INPUT AND TRANSFER CHARACTERISTICS 

COLLECTOR CURRENT 
QllUI BASE CURllENT 

~ ~ ~ M ~ ~ U ~ ~ 

'• BISE CIJllRfNT.(AMPSI 

DC CURRENT GAIN 
YlfSUI COLLECTOR CURRENT 

!c. COi.i.ECTOR CUllRENT IAMPSI . 

COLLECTOR CURRENT 
versus BASE-EMITTER VOLTAGE 

:========~·=~2=v=====~== 
0 le 2 ~ ~ 

l!l 
Iii 
i'l 1 5 

I 
.Ji 1 0 

L 5•>------+y----+-17+--+----+----+----< 

0''-"""~oL.2--0L.4--0L.6--~0.8--~1.0-.......Jl.2 
V,., BASE-EMIITTR VOLTAGE IVOLTSI 

BASE CURRENT varsus 

BASE-EMITTER VOLTAGE 

o.i~-~~-~-vc-.~=-2v-~--.,,rr~--. 

I o.s~l--!---lr----+-1

1 
1------1 

le 0.5.1-------'-+---+---+-----+-L--+--+---l 

I o.4~-'--1---~--t---++---+---l 

I IALLTYPFSJ/ 

~ 0.31------l-----t--l-7-++-+----I 

o.2·1-----+---~[7 ~ 

0.111---+--+v-----+--+----l 

01~_...;:._i_._. --L----J----'-----' 
U M ~ ~ W U 

V,.. BASHMITTER VOLTAGE IVOLTSI 
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---Motorola Power Transistors---

2N2490 thru 2N2493 
Pc= 170W 
le= 15A 
V CBO = 60· 100 V 

CASE 5 
(T0-36) 

PNP germanium power transistors for general 
purpose power and switching applications. 

ABSOLUTE MAXIMUM RATINGS 
Characteristic srmb•I 2N2490 2N2491 2N2492 2N2493 Unit 

Collector-Base Voltage Vcao 70 60 80 100 Volts 
Collector-Emitter Voltage VcEs 60 50 70 85 Volts 
Emitter-Base Voltage VEBo 40 30 60 80 Volts 
Collector Current le 15 15 15 15 Amps 
Power Dissipation at Tc= 25°C Pc 170 170 170 170 Watts 

Junction Temperature Range TJ -65 to +110 oc 

ELECTRICAL CHARACTERISTICS rat Tc= 2s·c un1e .. othe.-w;s. noted! 

Characteristic SJmbol Min Max Unit 

Collector-Base Cutoff Current Icao mAdc 
(Vcs= ·2 Vdc) All Types - 0.2 

Emitter-Base Cutoff Current !EBO mAdc 
(VEB = -40 Vdc) 2N2490 - 3 
(VEB = -30 Vdc) 2N2491 - 3 
(VEB = -60 Vdc) 2N2492 - 2 
(VEB = -80 Vdc) 2N2493 - 3 

Collector CutoU Current lcEX mAdc 
(VcE = -70 Vdc, VsE =l. 5 Vdc) 2N2490 - 3 
(VcE = -60 Vdc, VBE = 1. 5 Vdc) 2N2491 - 3 
(VcE = ·80 Vdc, VsE = 1.5 Vdc) 2N2492 - 2 
(VcE = ·100 Vdc, VsE = 1. 5 Vdc) 2N2493 - 3 
{VcE = -35 Vdc, VBE ,;l.5Vdc,Tc=+100°c) 2N2490,2N2491 - 35 
(VcE = -40 Vdc, VsE = 1. 5 Vdc, Tc=+100°c) 2N2492 - 35 
(VcE = -50 Vdc, VsE =1.5Vdc,Tc=+1000C) 2N2493 - 35 

Collector-Emitter Breakdown Voltage VCEO Volts 
(Ic=lA, ls=O) 2N2490 ·50 -

2N2491 ·40 -
2N2492 ·65 -
2N2493 ·75 -

Base-Emitter Voltage VBE Vdc 
(le= 5Adc, VcE= -2 Vdc) 2N2490,2N2491 - ·O. 9 

2N2492,2N2493 - ·O. 8 
(le= 12Adc, VcE= -2 Vdc) All Types - ·1. 5 

Collector- Emitter Saturation Voltage VCE(sat) Vdc 
(Ic = 12Adc, 18 = 2Adc) 2N2490, 2N2491 - -0. 7 

2N2492, 2N2493 - ·O. 5 

DC Current Gain hFE -
(le= 1 Ade, VcE = -2 Vdc) 2N2490 45 -

2N2491 65 -
2N2492, 2N2493 50 -

(le= 5Adc, VcE = ·2Vdc) 2N2490 20 40 
2N2491 35 70 
2N2492, 2N2493 25 50 

(le= 5Adc, VcE = -2Vdc,TA= -ss0c) 2N2490 15 -
2N2491 25 -
2N2492, 2N2493 20 -

Uc = 12 Ade, V CE "' -2 Vdc) 2N2490 8 -
2N2491 12 -
2N2492, 2N2493 10 

COmmon Emitter Cutoff Frequency fae kc 
(le = SA, VcE = -6 V) 5 -

Turn-On Time Ion µsec 
(le =5 A, ls1 = ls2 = O. 5 A) - 25 

Turn-Off Time toff µsec 
(le = 5 A, IBJ = Is2 = 0. 5 A) - 15 
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----Motorola Power Transistors---

2N2526 
2N2527 
2N2528 

Pc=SSW 
le= lOA 
Vcso = 80·160V 

CASE 3,4 
(T0-3,T0-4) 

PNP germanium power transistors for high-voltage 
power switching applications. 

MAXIMUM RATINGS 

Characteristic Symbol 

Collector-Emitter Voltage VcE 

Collector-Base Voltage VcB 

Emitter-Base Voltage VEB 

Collector Current (Cont) Ic 

Base Current (Cont) IB 

Emitter Reverse Current 
(Surge 60 cps Recurrent) IE 

Storage and Operating Tstg 
Temperatures TJ 

Collector Dissipation 
(25°C Mtg. Case Temp.) Pc 

Thermal Resistance &Jc 

POWER DERATING CURVE 
The maximum continuous power is related to 
maximum junction temperature by the thermal 
resistance factor. This curve has a value of 85 
watts at a case temperature of 25°C and is O 
watts at uo·c with a linear relation between 
the two temperatures such that: 

110' -Tc 
Allowable P0 = --1.-0- Watts 

i • r-t--\~-+N_,..J."....~;;s,'<'. ".f~<T-+--f--i 
I .:~!~~v~~~~lb,,Ji§ 
~~ii=-+-" D.. 
8 02 85·WATT l~->.~+-ll.1-'ll+--l 

• POWER DISSIPATION AT ~ ' 
25°C CASE TEMPERATURE ... mmm~ .. 

. 04 

.03 l--t---1--i--+.....,>--+--+-I--< 

.021---+---l--i--+.....,>--+--+-I--< 

2M2526 

80 ----
80 

----
5 

10 
----

5 
----

!. 5 ----

----
85 

2"2527 2M2528 Unit 

120 160 Vdc 
---

120 160 Vdc 
---

5 5 Vdc ---
10 10 Amps 

---
5 5 Amps 

---
!. 5 !. 5 Amps 

---

-65 to +110 ·c 
---

85 85 Watts ---
!. 0 •c;w 

~85 WATTS MAXIMUM 

25 50 75 100 
Tc. CASE TEMPERATURE (°C) 

125 

... . .. 

.031----1--+-+--l--+-+--l--+----l 

.021----1--+-+--l--+-+--l--+----l 

• 01 '--'---'-"--'--'"-.............. - ........ 
.01 ._,_..._..._..._. ..................................... _ ... 

.01 {I... -',.-..... - ......... - .. .._, .... -, .... -, .. "--1, ......... , .. 0 W H ~ @ 50 60 ro ~ 90 
COLLECTOR-EMITTER VOLTAGE MlLTSl 

0 10 20 30 40 50 60 70 80 90 100 110 120 130 
COLLECTOR.£MIMR VOLTAGE (VOLTS! COLLECTQfl.fMITIER VOLTAGE (VOlTSJ 

The Safe Operating Area Curves indicate le -
V CE limits below which the device will not go into 
secondary breakdown. Collector load lines for spe
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 
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(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum T J, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 



---Motorola Power Transistors---

2N2526 thru 2N2528 (continued) 

ELECTRICAL CHARACTERISTICS (At 25•c unless otherwise noted 

Chancllristic Tnaes s,..~.1 Mil. Tna. llu. Unit 

Collector-Emitter Cutoff Current• leEX mA 
(VcE = -80 v, VBE = o. 2 Vde, Tc= 100°~) 2N2526 - - 35 
(V CE= -120 V, VBE = o. 2 Vde, "Tc= 100 0 C) 2N2527 - - 35 
IV CE= -160 V, VsE = o. 2 Vde, Tc= 100 C) 2N2528 - - 35 

...,~ --- ---- ------
c:ouector-Base Cutoff Current leso mAdc 

(V CB = -80 Vdc, IE = 0) 2N2526 - - 3 
:vcB = -120 Vde, IE= 0) 2N2527 - - 3 
(V CB= -160 Vdc, IE = 0) 2N2528 - - 3 
(Vcs = -2. 0 Vde, IE= O) All Typee - - 150 µAde 

- --- ---- ---- ---- ---
Collector-Emitter Cutoff Current leER mAdc 

(V CE = -80 Vde, RBE = 100 ll) 2N2526 - - 25 
(V CE = -120 Vde, RsE = 100 ll) 2N2527 - - 25 
(VcE = -160 Vdc, RsE = 100 ll) 2N2528 - - 25 --- - --- -------

Emitter-Base Breakdown Voltage BVEBO Vde 
(IE = 50 mAdc) All Types 5 - ---- ---- --

Collector-Emitter Breakdown Voltage• BVcEO(sus) Volts 
(le = 100 mA, Is= O) 2N2526 -80 - -

2N2527 -120 - -
2N2528 -160 - ---- ---- --

oc l.'urrent Gain hFE -
(le = 3 Ade, v CE = -2. 0 Vde) All Types 20 - 50 --- ----- ---- ---- --

Small Signal Current Gain hte -
(V CE - -12 Vde, le = 0. 5 Ade, f = 30 kc) All Types 10 15 ---- ---- ---- -- I 

Transconductance gFE Mhos 
(V CE = -2. 0 Vde, le = 3 Ade) All Types 4 6 ---- ---- ---- --

L:ouector-.t:mltter saturation Voltage VcE(sat) Vde 
(le = 10 Ade, 18 = I. o Ade) All Types - -o. 5 -0.8 

--- ---- ---- --
Hase-Emitter Saturation Voltage VBE(sat) Vdc 

(le = 10 Ade, ls = 1. O Ade) All Types. - 0.8 1. 2 --- ---- ---- --
Rise Time All Types tr - 5. 5 - µ.sec --- ---- ------
Storage Time All Types t,, - I. 2 - itsec 
- --- ---- ----· --
Fall Time All Types tr - 2.0 - usec . 

,.To avoid excessive heating of collector junction, perform this test with a sweep method. 

TYPICAL INPUT CHARACTERISTICS 
COLLECTOR CURRENT mstJS BASE CURRENT ALL TYPES COLLECTOR CURRENT wersus ORN£ VOLTAGE 

10 10 

i 8 i' l ~ 
!i. r I 
!! • i> 4 
!;l Ed 

~ ~ 
_;;' ..;;, 

0 
100 200 300 400 500 ... 700 0 o~ 1.0 u 

11, BASE CURRENT (MILIAMPER£SJ v., BASE-EMITTER VOi.TAC£ (VOLTS) 
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---Motorola Power Transistors---

2N2526 thru 2N2528 (continued) 

SWITCHING TEST CIRCUIT 

PULSE CONDITIONS ; le = 3 Ade, I, = 300 mAdc 

MERCURY 
SWITCH 

5 !l 

2N2728 

4V 
+ 

0 -20 !l 

0.5µf 

DC CURRENT GAIN versus COLLECTOR CURRENT 

10 

le, COLLECTOR CURRENT (AMPERES) 

Pc= 170W 
le= SOA 
Vcso = 15 V 

CASE 7 
(T0-36) 

PNP germanium high-current power transistors es
pecially designed for switching and power converter 
circuit operating from low-voltage power sources such 
as solar cells, thermo-electric generators, sea cells, 
fuel cells, and 1. 5-volt batteries. 

ABSOLUTE MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Collector-Base Voltage VCBO 15 Vdc 

Collector-Emitter Voltage VcEo 5 Vdc 

Emitter-Base Voltage VEBO 15 Vdc 

Collector Current (continuous) IC 50 Ade 

Base Current (continuous) IB 10 Ade 

Total Device Dissipation@ 25°C 
Case Temperature PD 170 Watts 

Operating Temperature TJ +110 ·c 

Storage Temperature Tstg -65 to +110 ·c 

Thermal Resistance 
(Junc:ion to Case) OJC o. 5 ·c;w 
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---Motorola Power Transistors---

2N2728 (continued) 

ELECTRICAL CHARACTERISTICS 

Characteristic Symbol Min Typ Maxi Unit 

Collector Cutoff Current 1CEX mAdc 
VcE=15V, VBE = 1 V - - 10 

VcE=lOV, VBE = 1 V, TC= l00°C - - 35 

- -- - --
Emitter-Base Cutoff Current 1EBO 

mAdc 
VEB = 15 V - - 10 

-- --.---
Emitter Floating Potential VEBF Vdc 

VCB ~ 15 V, IE= 0 - - 0.5 

-- ------
Collector-Emitter Breakdown Voltage* BVCEO v 

1c = 500 mA, IB = 0 5 10 -
- ------

DC Current Transfer Ratio hFE -
le= 20 A, VCE = 2 V 40 - 130 

- ------
Collector-Emitter Saturation Voltage VCE(sat) 

Vdc 
IC= 50 A, IB = 5 A - .075 0.1 

- ------
Base-Emitter Voltage VBE(sat) Vdc 

Ic=50A, IB = 5 A - 0.85 1.0 

- ------
Common Emitter Cutoff Frequency fae kc 

IC= 20 A, VCE = 2 V 3 4. 5 -

- ------
Rise Time t µsec 

le= 20 A, Vee= 1.75 v, IB(on) = 2 A 
r - 18 25 

- ------
Storage Time ts µsec 

VBE = 6 V, l\e = 10 0 - 15 20 

- ------
Fall Time tf µsec 

VBE = 6 V, l\e = 10 0 - 10 15 

* To avoid excessive heating of the collector junction, perform these tests with an oscilloscope. 

9.90 

MERCURY SWITCH 

.08750 

+ 

+ 
----1111------------' 

6V 
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---Motorola Power Transistors---

2N2832 
2N2833 
2N2834 

Pc=SSW 
lc=20A 
Vceo = 80-140V 

CME~ 
(T0-3) 

PNP germanium high-speed, high-frequency, power 
transistors for output stages of CRT deflection cir
cuits, high-efficiency power inverters, and similar ap
plications. 

MAXIMUM RATINGS 

! 

~ 
"' ~ 
ts 
~ 

I 
.2 

Chanicterlstic Symbol 2N2832 2N2833 2N2834 Unit 
Collector-Base Voltage VCBO 80 120 140 Volts 

----------
Collector-Emitter Voltage VCEO 50 75 100 Volts 

----------Emitter-Base Voltage VEBO 2 2 2 Volts 

--- --- ----
Collector Current (Continuous) Ic 20 20 20 Amps 

--- --- ----
Base Current (Continuous) IB 5 5 5 Amps 

--- --- ----
Power Dissipation Pc 85 85 85 Watts 

Case Operating & Storage Temperature Range Tc & Tstg -65 to + 110° OC 

POWER 0£RATING CURVE 
THESE TRANSISTORS ARE A.LSO SUBJECT TO SAFE AREA CURVES 
BOTH LIMITS ARE APPLICABLE AND MUST BE OBSERVED i'~I 11411 

~ 0o 25 50 75 100 110 125 

20 

10 

1.0 

0.1 

.01 

2N2832 

~ m ~;.J] 
500 µsec 

Hl--1 [i,s msec 

l'\l\ 
[\f\ J_,DC J\.. 

K 
1'~ 

~ Tc. CASE TEMPERATURE (°C) 

~ 

SAFE OPERATING AREAS 
2N2833 

fil V,50µ.sec 

I-~ 5 msec ISIS: 
500 µ.sec +--

I\~ I 'V"i 

DC f" I'\ 
b ~ ~ 

!"; 
~ 

2N2834 

I\ f::t'\ ,!....-50µ.sec 

Itri l'\ 
1 'f\Yjmsec 

~ 

DCJ"i: 

]'. ~ ,....,, 

500 µsec +-+-

llt... 

['\ ' 20 40 60 80 100 0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140 160 

VcE• COLLECTOR·EMITIER VOLTAGE {VOLTS) 

The Safe Operating Area Curves indicate the le - Vci;: limits below which the devices will not go into secondary breakdown. As secondary breakdown is independent 
of temperature and duty cycle, these curves can be used as long as the average power derating curve is also taken into consideration to insure operation below the 
maximum junction temperature. 
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---Motorola Power Transistors---

2N2832 thru 2N2834 (continued) 

ELECTRICAL CHARACTERISTICS (At 25'1: case temperature unless otherwise specified) 

Characteristic Symbol Min Typical Max Unit 

Collector-Base CutoU Current• 1cso• 
mA 

(Vee = 2V, IE = 0) All Types -·- --- 0.3 
(Vee = 80V, IE = 0) 2N2832 --- --- 10 
(Vee = 120V, IE = 0) 2N2833 --- --- 10 
(Vee = l40V, IE = 0) 2N2834 --- --- 10 

Collector-Emitter Current• le Es* mA 

(VcE = lOOV, VBE = 0) 2N2832 --- --- 20 
(VCE = 140V, VBE = 0) 2N2833 --- --- 20 
(VcE = 160V, VBE = 0) 2N2834 --- --- 20 

Collector-Emitter CutoU Current•• le Ex** mA 

(VcE = 50V, VBE = 0.2V, Tc = +85°C) 2N2832 --- --- 40 
(VcE = 75V, VBE = 0.2V, Tf = +85°CJ 2N2833 --- --- 40 
(VcE = lOOV, VBE = 0.2V, C = +85°C) 2N2834 --- --- 40 

Emitter-Base Breakdown Voltage BVEBO 
Vdc 

(IE = 50 mAdc, le = O) 2 --- ---
Collector-Emitter Breakdown Voltage•• BV CEO(sus) •• Volts 

(IE = 100 mA, 18 = O) 2N2832 50 --- ---
2N2833 75 --- ---
2N2834 100 --- ---

Emitter Floating Potential* VEBF* Volts I 
(Vee = 60V, IE = 0) 2N2832 --- --- 0.5 
(Vee = 120V, IE = O) 2N2833 --- --- 0.5 
(VCB = 140V, IE = O) 2N2834 --- --- 0.5 

DC Current Transfer Ratio hFE ---
Uc = l.OA, Vee = 2V) 50 75 ---
(le = lOA, Vee = 2V) 25 --- 100 

Collector-Emitter Saturation Voltage VCE(sat) Vdc 

(Ic = 1.0 Ade, 18 = 100 mAdc) --- --- 0.15 

<le = 10 Ade, 18 = 1.0 Ade) --- --- 0.30 
(le = 20 Ade, 18 = 2.0 Ade) --- --- 0.5 

Base-Emitter Saturation Voltage VBE(sat) Vdc 
(le= l A, 18 = 100 mAdc) --- --- 0.6 
(Ic = 10 A, 18 = lAdcJ --- --- 0.75 
(I(:= 20A, 18 = 2Adc) --- --- 1.0 

Small Signal Current Gain lite ---
(le= l.OA, VcE = lOV, f = 5mc) 2 3.5 ---

Rise Time tr --- 2 4 µsec 

Storage Time ts --- 3 6 µsec 

Fall Time tf --- l 2.5 µsec 

• SWEEP TEST: 1/2 Sine Wave, 80 cps min 
•• PULSE TEST: PW = l msec, 2% Duty Cycle 
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---Motorola Power Transistors--

2N2B32 thru 2N2834 (continued) 

~ 0.5 

~ le= lA 

~ 0.4 
g 
!! ii 0.3 

s 
~ 0.2 

lo.I 
~ 
1 
J .01 

- 0.8 

i Tc=Z~C 
!ll 0.7 

i 
z 
~ 0.8 
ii! s 
~ 0.5 

~ 
i 0.4 

1 
J 

0.3 
.01 

COLLECTOR-EMITTER SATURATION VOLTAGE VARIATIONS 

le= lOA 
I I I_~ 
lc=20A ~ 

~ I s j 

.d-

O.l 10, BASE CURRENT {AMPS) 1.0 

BASE EMITTER SATURATION VOLTAGE VARIATIONS 

0.1 

It__.... I 
le/I,= 20"1\ vi L 

I,. BASE CURRENT {AMPS) 1.0 

-

5.0 

2N2912 Pc=75W 
lc=25A 
Vcao= 15V 

CASE 8 
(T0-8) 

PNP germanium, epitaxial-base, high speed, power 
transistors for switching and power converter circuits 
operating from low-voltage power sources such as so
lar cells, thermo-electric generators, sea cells, fuel 
cells. and 1. 5-volt batteries. 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Collector-Base Voltage VcBo 15 Volts 

Collector-Emitter Voltage VcEO 6 Volts 

Emitter-Base Voltage VEBO l.5 Volts 

Collector Current (Continuous) . le; 25 Amps 

Base Current (Continuous) IB 3 Amps 

Power Dissipation Po 75 Watts 

Operating Case Temperature Range T~ -65 to +llO OC 

Storage Temperature Range Tstg -65 to +110 OC 

(}JC 1 °C/W 
Thermal resistance 

Og,. 30 °C/W 
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---Motorola Power Transistors---

2N2912 (continued) 

ELECTRICAL CHARACTERISTICS (At 25°c unless otherwise specified} 

Characteristic SJmbol Min MIX Unit 

Collector Cutoff Current 1cEX mAdc 
(VcE = 15 Vdc, VBE = 0.2 Vdc) --- 10 
(VcE = 6 Vdc, VBE = 0.2 Vdc, Tc = 85°CJ --- 15 

Collector-Base Cutoff Current Icso mAdc 
(Vea = 2 Vdc, IE = 0) --- 0.2 

Emitter Floating Potential VEBF Vdc 
(Vea = 15 Vdc, IE = 0) --- 0.2 

Emitter Cutoff Current 1EBO mAdc 
(VEB = 1.5 Vdc) --- 50 

Collector-Emitter Voltage• VcEo• Vdc 
(IC = 500 mAdc, Is= 0) 6 ---

DC Forward Current Transfer Ratio hFE ---
(VcE = 2 Vdc, Ic = 10 Ade) 75 ---

Collector-Emitter Saturation Voltage VcE (sat) Vdc 
(Ic = 5 Ade, Is = 0.5 Ade) --- 0.12 
(IC = 25 Ade, ls= 2.5 Ade) --- 0.5 

Base-Emitter Saturation Voltage VBE(sat) Vdc 
(le = 25 Ade, Is = 2.5 Ade) --- 1.2 

Base-Emitter Saturation Voltage VBE (sat) Vdc 
(IC= 5 Ade, Is = 0.5 Ade) --- 0.5 

Rise Time tr µsec 
(IC = 5A, VcE = 10 v, 18 (on) = 250 mA) --- 2 

Storage Time ts µsec 
Uc= 5 A, VcE = 10 V, Is (on)= 250 mA) --- 2.5 

Fall Time tr µsec 
(le = 5 A, VcE = 10 v, VEB = 1. 5 V', Rbe = 6 Ohms) --- 2 

Common Emitter Small-Signal Forward Current I hrel ---
Transfer Ratio Cutoff Frequency 

(VcE = 2 V, le= 5 A, f =I me) 20 ---
•sweep Test 

SWITCHING CIRCUIT 
~,,-~~~~~~~~-.~~~~-o 

PRF = 200 cps 
PW= 50 µ.sec 

fe1 = 182 = 250 mA; le = SA 
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---Motorola Power Transistors---

2N2912 (continued) 

SAFE AREA OF OPERATION 
25 

DC 
<n 
c.. 20 ::;;: 
$ I msec or less ,_ 
z 
UJ 

15 c:: 
c:: 
:::> 
'-' 
c:: 
0 IO ,_ 
'-' 
UJ _. _. 
0 
'-' 5 
-9 500 mA IO mA 

0 
0 3 6 9 12 15 

Ve,, VOLTS 

2N3021 thru 2N3026 

ABSOLUTE MAXIMUM RATINGS 
r----· 

Characteristic symbol 2N3021 
2N3024 

Collector-Base Voltage VcB 30 

Collector-Emitter Voltage VCE 30 

Emitter-Base Voltage VEB 4 

Collector Current (Continuous) Ic 3 

Base Current (Continuous) IB 0.5 

Power Dissipation Pc 25 

The safe operating area curve is 
applicable for all case tempera
tures. The thermal derating curve 
must also be observed to insure 
operation below maximum TJ. 

...,..35°C 

""' ~ 50 

~ 25 

!'.-... 

"" ~ 110°C 

~ c:: 
UJ 
> c:c 

0 
0 25 50 75 100 
Tc, CASE TEMPERATURE (°C) 

POWER DERATING CURVE 

2N3022 
2N3025 

45 

45 

4 

3 

0.5 

25 

Pc=25W 
lc=3A 
V CBO = 30-60 V 

2N3023 
Unit 

2N3026 
60 Volts 

60 Volts 

4 Volts 

3 Amps 

0.5 Amp 

25 watts 

Junction Operating Temperature Range TJ - -65 to+l75 oc 
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---Motorola Power Transistors---

2N3021 thru 2N3026 (continued) 

ELECTRICAL CHARACTERISTICS (At 25°c unless otherwise specified) 

Characteristics 

Emitter-Base Cutoff Current 
(VBE = 4 Vdc) All Types 

Collector- Emitter Cutoff Current 
(VcE = 25 Vdc, VsE'= 2 Ydc) 2N3021, 2N3024 
(VcE =- 40 Vdc, VBE = 2 Vdc) 2N3022, 2N3025 
(VcE = 54 Vdc, VBE = 2 Vdc) 2N3023, 2N3026 
(VCE = 15 Vdc, VsE = 2 Vdc, Tc= 150°C) 2N3021, 2N3024 
(YcE = 25 Vdc, VBE = 2 Vdc, Tc= 1so0c) 2N3022, 2N3025 
(VcE = 35 Vdc, v 8 E = 2 Vdc, Tc = tso0c) 2N3023, 2N3026 

Collector-Emitter Breakdown Voltage* 
(le= 100 mAdc, Is = O) 2N3021, 2N3024 
(le= 50 mAdc, 18 = O) 2N3022, 2N3025 
(le = 20 mAdc, 18 = O) 2N3023, 2N3026 

DC Current Gain 
(le = 1.0 Ade, VcE = 2 Vdc) 2N3021, 2N3022, 2N3023 

2N3024, 2N3025, 2N3026 

Collector- Emitter Saturation Voltage 
(le = 3 Ade, ls= o. 3 Ade) 2N3021, 2N3022, 2N3023 

2N3024, 2N3025, 2N3026 

Base-Emitter Saturation Voltage 
(le = 3 Ade, IB = 0. 3 Ade) All Types 

Small Signal Current Gain 
(le = 0.5 Ade, VcE = 15 Vdc, f = 30 me) All Types 

Switching Times (Figurea 17 and 18) 
{le = 1 Ade, 181 = Is2 = 100 mAde) All Types 

•Perform tests using sweep method to prevent heating. 

POWER DERATING CURVE 

THESE TRANSISTORS ARE ALSO SUBJECT TO SAFE AREA CURVES AS 
INDICATED BY FIGURES 2, 3, 4. BOTH LIMITS ARE APPLICABLE 
AND MUST BE OBSERVED 

Srmbot Min 

1EBO 
-

le EX -
-
-
-
-
-

BVCEO• 
30 
45 
60 

hFE 
20 
50 

VCE {sat) -
-

VBE {sat) 
-

hie 
2 

td +tr -
'• -

" -

Mu 

1 

0.2 
0.2 
0.2 
2 
2 
2 

-
-
-

60 
180 

1.5 
1.0 

1.5 

-
100 
100 

75 

2N3021, 2N3024 

SAFE OPERATING AREAS 

2N3022, 2N3025 2N3023, 2N3026 
10 

50 µSet: 

sec 

1.o oc'~ 
rs msec 

DC~ 
F= Smsec 

soo ,u.sec·.::'.l'--.11.J:?~uu 1-- 500 µ.sec-;:::. 

0.1 
BVeEo @ le = 100 mA~~ 

J----+- BVceo @ le= 50 mA""'4--+---

BVceo @ le = 20 mA P 
.01 

10 20 30 10 20 30 40 50 10 20 30 40 

V.,, COLLECTOR EMITTER VOLTAGE (VOLTS) 

Unit 

mAdc 

mAdc 

Vdc 

-

Vdc 

Vdc 

-

nsec 

50 60 

The Safe Operating Area Curves indicate Ic- VcE limits below which the devices will not go into secondary breakdown. As the safe operating areas shown are 
~ndependent of temperature and duty cycle. these curves can be used as long as the average power derating curve {Figure I) is also taken into consideration to 
msure operation below the maximum junc1ion 1emperature. 
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---Motorola Power Transistors---
2N3021 thru 2N3026 (continued) 
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---Motorola Power Transistors---

2N3021 thru 2N3026 (continued) 
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CURRENT GAIN VARIATIONS. 2N3021 thru 2N3023 

150°C 

60 

VcE = 2 V 

50 
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0.1 0.2 0.4 0.6 0.8 

le, COLLECTOR CURRENT (AMPS) 

CURRENT GAIN VARIATIONS. 2N3024 thru 2N3026 
160 
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10 , COLLECTOR CURRENT {AMPS) 

RISE TIME FACTOR ACTIVE REGION TIME CONSTANT 

2. 0 

-\ 
I I 111111 

RISE TIME (0 - 90%) t, = r,.. ,drR 
fio = hH AT EOGE OF SATURATION 

8 

\ 
flf = le IN SATURATION I 181 (BASE "ON" CURRENT) 

~ 

\ 
)._ 

:SJ 
fq.._ 

1.0 
1---rt--

10 20 0.4 0.6 0.8 I 
10 , COLLECTOR CURRENT (AMPS) 

SWITCHING TIME EQUATIONS 

Using charge control theory and data given with this transistor, switching times for a wide variety of conditions 
can be readily computed. For specific information regarding this technique, see Chapter 5 of the Motorola Switching 
Transistor Handbook. 
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---Motorola Power Transistors---

2N3021 thru 2N3026 (continued) 

TYPICAL SWITCHING TIMES 
120~----...;..:.;,..:.:c:.;.;...:.__~---'---~--
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le = 10 111 = 10 lu 
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01.J 
v .. 
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~ .. 
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P" 

5000 

3000 
v ....V 2N3024- 2N3026 

Total Control Charge. When a transistor is held in a conductive 
state by a current. Ia1, a charge. Qs, is developed in the active 
region. A charge, Q,., of opposite polarity, equal in magnitude, 
can be stored on an external capacitor, C, to neutralize the in
ternal charge and considerably reduce the turn-off time of the 
transistor. Given Q,. from Figure 16A, the external C for mini
mum tum-off in any circuit is: C = QT /V, where V is shown 
in Figure 168 and is IBt R"'. 

2000 .... __ _. _ _..__ ..... ...i....i....i.. ......... __ .__.__ ...... 

0.1 0.2 0.5 1 
le, COLLECTOR CURRENT (AMPS) 

For additional information, see Chapter 5 of the Motorola Switching Transistor Handbook. 

INPUT PULSE 

INPUT PULSE 

TURN·ON TIME TEST CONDITIONS 
V;n ADJUSTED TO 111 USING CURRENT PROBE. 

t1 OF INPUT < 10 nsec. SCOPE < 5 nsec. 
111 = lOOmA 

100 Q 

12 v 

v .. = - 11 y°)..-V\.1\,---I 
'•1---

TURN·OFF TIME TEST CONDITIONS 
V,n ADJUSTED TO I" USING 
CURRENT PROBE. T1 < 10 nset. 
PULSE WIDTH > 10 µ.sec 
lu = 100 mA 

In 

100 {l 
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+3V 

OUTPUT PULSE 

12 !l 

t, IS MEASURED FROM 10% POINT OF v .. 

OUTPUT PULSE 

+ 
90% 

10% 

t, 

t, 

t~ IS MEASURED FROM 90% POINT OF V,n 



---Motorola Power Transistors---

2N3311 thru 2N3316 Pc= 170W 
lc=SA 
V CBO = 30-60 V 

CASE 7 
(T0-36) 

PNP germanium power transistors for high-power 
applications. 

MAXIMUM RATINGS 

Characteristic Symbol 2N3311 2N3312 2N3313 Unit 2N3314 2N3315 2N331& 

Collector-Base Voltage VCBO 30 45 60 Volts 
------

Collector-Emitter Voltage VCES 10 45 60 Volts 

- -- ---------
Collector-Emitter Voltage VcEO 20 30 40 Volts 

------
Emitter-Base Voltage VEBO 20 25 30 Volts 

---------
Collector Current (Continuous) Ic 5 5 5 Amps 

---------
Power Dissipation at TC = 2s0 c Pc 170 170 170 Watts 

---
Junction Temperature Range TJ -65 to + 110 oc 

Thermal Resistance 8Jc 0.5 ·c1w 

POWER-TEMPERATURE DERATING CURVE 

-§ 170 
> 150 

~ 125 

~ 100 
~ 75 
Ci 
~ 50 

i 25 
~ 

'b.. 
' b,,., 

l:S:l 
IS 
~ 

b,,. 
!'.... 

10 20 30 40 50 60 70 80 90 100 110 

Tc. CASE TEMPERATURE (°C) 

The maximum continuous power is 
related to maximum junction tempera
ture by the thermal resistance factor. 
This curve has a value of 170 Watts at 
case temperatures of 25°C and is 0 Watts 
at 110°c with a linear relation between 
the two temperatures such that: 

allowable PD = 1100 - Tc 
0. 5 
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---Motorola Power Transistors---

2N3311 thru 2N3316 (continued) 

ELECTRICAL CHARACTERISTICS CAtTc::: 2s 0 c unless otherwise specified.) 

Characteristic; 

Collector-Base Cutoff Current 
(VcB = VcB max> 
(Yes = -2 Vdc, IE = 0) 

Collector Cutoff Current 
(VcE = 10 Vdc, 18 = O) 2N3311, 2N3314 
(VcE = 15 Vdc, 18 = O) 2N3312, 2N3315 
(VcE = 20 Vdc, 18 = O) 2N3313, 2N3316 

Collector Cutoff Current 
(VcE = 25 Vdc, VBE = 1 Vdc, 
Tc= lOOOC) 2N3311, 2N3314 
(VcE = 40 Vdc, VBE = 1 Vdc, 
Tc= 10ooc1 2N3312, 2N3315 
(VcE = 55 Vdc, VBE = 1 Vdc, 
Tc= 100°c) 2N3313, 2N3316 

Emittf'i--Base Cutoff Current 
(VEB ~ V EB max• le = O) 

Collector-Emitter Breakdown Voltage* 
(le= 300 mAdc, VEB = 0) 2N3311, 2N3314 

2N3312, 2N3315 
2N3313, 2N3316 

Collector-Emitter Breakdown Voltage• 
(le = 500 mAdc, 18 = O) 2N3311, 2N3314 

2N3312, 2N3315 
2N3313, 2N3316 

Collector-Emitter Saturation Voltage 
(le = 3 Ade, 18 = 300 mAdc) 

Base-Emitter Voltage 
Uc = 3 Ade, VcE = 2 Vdc) 2N3311 thru 2N3313 

2N3314 thru 2N3316 

DC Current Gain 
(le = 3 Ade, Vee = 2 Vdc) 2N3311 thru 2N3313 

2N3314 thru 2N3316 
Uc = 500 mAdc, Vee~ 2 Vdc) 2N3311 thru 2N3313 

2N3314 thru 2N3316 

Small Signal Current Gain 
Uc = 3 Ade, Vc.e; = 2 Vdc, 
f = 0.5 kc) 2N3311 thru 2N3313 

2N3314 thru 2N3316 

Common .Emitter Cutoff Frequency 
Uc = 3 Ade, VcE = 2 Vdc) 

*To avoid excessive heating of the collector junction, 
perform these tests with an oscilloscope. 
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Symbol Min Max 

Icso - 5.0 
- 0.3 

lcEO - 200 
- 200 
- 200 

lcEX 

- 35 

- 35 

- 35 

IEBO - 4 

BVcEs* 
30 -
45 -
60 -

BVcEo* 
-20 -
-30 -
-40 -

VCE(sat) - 0.1 

VBE - 0.6 

- 0.5 

hFE 
60 120 

100 200 
- 150 
- 250 

llfe 

30 90 
40 120 

1ae 
1.0 -

Unit 

mAdc 

mAdc 

mAdc 

mAdc 

Vdc 

I 

Vdc 

Vdc 

Vdc 

-

-

kc 



---Motorola Power Transistors---

2N331 l thru 2N3316 (continued} 
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2N3312, 2N3315 (25 p_scc to 5 m~ec oulse) 

40 

SAFE OPERATING AREA 

The Safe Operating Area Curves indicate the lc-V cE limits 
below which the devices will not go into secondary break
down. As the safe operating areBs shown are independent of 
temperature and duty cycle. these curves can be used as Jong 
as the average power derating curve is also taken into con
sideration to insure operation below the maximum junction 
temperature. 

2N3313, 2N3316 (25 J.!!'>e' to 5 msec pulse) 
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TEMPERATURE CHARACTERISTICS 
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---Motorola Power Transistors---

2N3445 thru 2N3448 Pc= 118W 
le= 7.5 A 
Vceo = 80-100 V 

CM~ 
NPN silicon power transistors for switching and amp

lifier applications requiring fast response, wide bandwidth 
and good Beta linearity. 

(T0-3) 

ABSOLUTE MAXIMUM RATINGS 

Characteristic Symbol 2N3445 2N3446 Unit 2N3447 2N3448 
Collector-Base Voltage VcB 80 100 Volts 

Collector-Emitter Voltage VcE 60 80 Volts 

Emitter-Base Voltage VEB 6 10 Volts 

Collector Current (Continuous) 1c 7.5 7.5 Amps 

Base Current (Continuous) IB 4.0 4.0 Amps 

Power Dissipation Po 115 115 Watts 

Junction Operating Temperature Range TJ -65 to +200 oc 

POWER DERATING CURVE 

These transistors are 
also subject to safe area 
curves. Both limits are 
applicable and must be 
observed. 

1nFtNittLI 
0 25 50 75 100 125 150 175 200 

T0 CASE TEMPERATURE !°Cl 

SAFE OPERATING AREAS 

2N3445, 2N3447 

i.~ 
5.0 ::::s~ ~ 
::~ 1--l----+ DC \ 

l.D ~~g5f!mse~c "')~R-.,~~\~ 
0·7 I= lmsec ~ 
0.5 .._-+--+--+--+--.,,,;.1"1:: '-"fi;:f! 
0.31--+--+--+--~..::::2so;se~ 
0.2 ..__-+-1---+--1---11--4 
O.l I§'. TJ-<::175°C 
~:~~J:---T, 25oc 
O.Ol 'L--.1..-.1..-.1..-.1..-.i..---1 

2N3446, 2N3448 

I--+- DC ::;i r\: 
5mse~Y.i 

lmsec 

~-+~'--+--+O.Smsec~ 

0 10 20 30 40 50 60 0 10 20 30 40 50 60 70 80 
V", COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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The Safe Operating Area 
Curves indicate le - V cz 
limits below which the device 
will not go into secondary 
breakdown. Collector load 
lines for specific circuits must 
fall within the applicable Safe 
Area to avoid causing a col
lector-emitter short. (Duty 
cycle of the excursions make 
no significant change in these 
safe areas.) To insure opera
tion below the maximum TJ, 
the power-temperature de
rating curve must be ob
served for both steady state 
and pulse pawer conditions. 



---Motorola Power Transistors---

2N3445 thru 2N3448 (continued) 

ELECTRICAL CHARACTERISTICS"' ="'c""'"'"'""w'""""d) 

Characteristic Srmbal Mia T111 .... Unit 

Emitter-Base Cutoff Current 1EBO mAdc 
(VEB = 6 Vdc) 2N3445, 2N3447 - - 0.25 
(VEB = 10 Vdc) 2N3446, 2N3448 - - 0.25 

Collector-Emitter Cutoff Current 'cEX mAdc 
(Veg = 60 Vde, VBE = -1 Vdc) 2N3445, 2N3447 - - 0.1 
(Veg : 60 Vdc, VBE = -1 Vdc, Tc = 1so0c) 2N3445, 2N3447 - - 1.0 
(Veg = 80 Vdc, v 8 E = -1 Vdc) 2N3446, 2N3448 - - 0.1 
(Veg= so Vdc, v 8 E = -1 Vdc, Tc = 1so0 c) 2N3446, 2N3448 - - 1.0 

Collector-Emitter Cutoff Current 'cEO mAdc 
(VcE = 40 Vdc, Ia = 0) 2N3445, 2N3447 - - 1.0 
(VcE = 60 Vdc, Ia= O) 2N3446, 2N3448 - - 1.0 

Collector-Base Breakdown Voltage BVCBO Vdc 
(IC= 1 mAdc, IE"' O) 2N3445, 2N3447 80 - -

2N3446, 2N3448 100 - -
Collector-Emitter Sustaining Voltage 

VCEO(sus) 
Vdc 

(IC"' lOOmAdc,Is= 0) 2N3445, 2N3447 60 - -
2N3446, 2N3448 80 - -

DC Current Gain hFE -
(le = 0.5 Ade, VcE = 5 Vdc) 2N3445, 2N3446 20 45 -

2N3447, 2N3448 40 85 -
(le = 3 Ade, VcE = 5 Vdc) 2N3445, 2N3446 20 40 60 
(le = 5 Ade, VcE = 5 Vdc) 2N3447, 2N3448 40 75 120 

Collector-Emitter Saturation Voltage VcE(sat) Vdc 
(le = 3 Ade, IB = 0.3 Ade) 2N3445, 2N3446 - 0.6 1.5 
(IC = 5 Ade, IB = 0.5 Ade) 2N3447, 2N3448 - 0.8 1.5 

Base-Emitter Saturation Voltage VBE(sat) Vdc 
Uc = 3 Ade, IB = 0.3 Ade) 2N3445, 2N3446 - 1.0 1.5 
(le = 5 Ade, IB : 0.5 Ade) 2N3447, 2N3448 - 1.0 1.5 

Base-Emitter voltage VBE Vdr 
(le= 3 Ade, VcE = 5 Vdc) 2N3445, 2N3446 - 1.0 1.5 
{IC = 5 Ade, VcE = 5 Vdc) 2N3447, 2N3448 - 1.0 1.4 

I 
Small Signal Current Gain hie -

IVcE • 10 Vdc, 1c = 0.5 Ade, f = 1 kc) 2N3445, 2N3446 20 - 100 
2N3447, 2N3448 40 - 200 

(VcE = 10 Vdc, Ic = 0.5 Ade, f = 10 me) All Types 1.0 1.6 -
Common Base OUtput Capacitance cob pl 

(VcB = 10 Vdc, f = 0.1 me) All Types - 260 400 

Switching Times µsec 
(Y cc = 25 Ydc, RL = 5 ohms, le = 5 A, Ie1 = le2 = 0.5 A) 

0.15 0.35 Delay Time plus Rise Time td +tr -
Storage Time •, - 0.9 2.0 
Fall Time 't - 0.15 0.35 

COLLECTOR CURRENT versus BASE CURRENT 

10 

5.0 

fr 2.0 ! 
~ 1.0 z 

R 2N3447, 2N3448 

f---1 v" 5 v iffif 
~ ~ .f-'25'0 c 

I 0.5 lZ 

I 0.2 

0.1 

/ 
+ 175°C L1 y-40°C 

_g 
0.05 

0.02 t-t-1-tt'lfflvl'---tA+1ff!l1--+-1f-+f+H11---H4+-l-llil 
0.01 .......... ___ .L....._ ..... ...,....__ ................. _ .............. ..., 

0.02 v y 
0.01 

0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 200 5001000 0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 200 500 1000 
11, BASE CURRENT {mA) 11, BASE CURRENT (mA) 
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-.-Motorola Power Transistors---

2N3445 thru 2N3448 (continued) 

CURRENT GAIN VARIATIONS 
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---Motorola Power Transistors---

2N3445 thru 2N3448 (continued) 
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----Motorola Power Transistors---

2N3611 thru 2N 3614 Pc=BSW 
lc=7A 
Vcao =40-6V 

-~ 
CASE 3 

(T0-3) 

PNP germanium power transistors for switching and 
amplifier applications. 

MAXIMUM RATINGS 

Characteristics Symbol 2N3611 2N3812 Unit 
2N3613 2N3614 

Collector-Emitter Voltage VcES 30 45 Vdc 

Collector-Emitter Voltage (Open Base) VcEO 25 35 Vdc 

Collector-Base Voltage Vcso 40 60 Vdc 

Emitter-Base Voltage VEBO 20 30 Vdc 

Collector Current (Continuous) 1c 7 Ade 

Peak Collector Current (PW ;;; 5 msec) 1c 15 Ade 

Base Current (Continuous) Is 2 Ade 

Storage Temperature Range Tstg -65 to +110 OC 

Operating Case Temperature Range Tc -65 to +110 OC 

Total Device Dissipation.@ Tc = 25°c Pn 85 Watts 

Derate above Tc = 25oc 1 w;0 c 

Thermal Resistance, Junction to Case llJC 1.0 0 c/w 

Thermal Resistance, Case to Ambient llcA 32.7 0 c/w 

SAFE OPERATING AREAS 
2N3611 and 2N3&13 

20~~~~~~~~~~~~~~~~ 

15t---.::,--t-~~-t-~.....t~~-;-...-~+-~----1 

lO ~"""~b,..~Ear-.....~~~~50i,, .. ~, 3 != 500µsec 
~ SJ ~ l 

w w w ~ ~ 

Ve,, COLLECTOR-EMIITTR VOLTAGE iVOtTS) 
NOTE. - The Safe Operating Area Curves indicate 

lc-VcE limits below which the device will not go into 
secondary breakdown .. Collector load lines for specific 
circuits must fall within the applicable Safe Area to 
avoid causing a collector~mitter short. (Case tempera
ture and duty cycle of the excursions make no signifi
cant change in these safe areas.) The load line may 
exceed the BV cEs voltage limit on1y if the collector 
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2N3&12 and 2N3&14 
20 ~~-- ------~-----
151---l-~-l-~l-....--~---l-~-l----l~-l-~..J 

10 ~""'lf;b-.,.~~~sr~:si~50~µs1ec 3~E3 i= 500µsec 

""I - " :S:: ~ msec :S:: IS:: 

10 15 20 25 30 35 40 45 
Ve,, COLLECTOR-EMITTER VOLTAGE (Vlll_TS). 

current has been reduced to 20 mA or less before or 
at the BV r.F.s limit; then 3.nd only then may the load 
line be extended to the absolute maximum voltage rat-
ing of BV rno· To insure operation below the maximum 
T 1 , the power-tempe~ture derating curve must be ob-

. served for both steady state and pulse power condi
tions. 



---Motorola Power Transistors---

2N3611 thru 2N3614 (continued) 

ELECTRICAL CHARACTERISTICS 

Characteristics Symbol Min Mu 

Collector-Emitter Breakdown Voltage• BVCES . 
(IC = 250 mAdc) 2N3611, 2N3613 30 -

2N3612, 2N3614 45 -
Collector-Emitter Breakdown Voltage* BVCEO . 

(IC = 500 mAdc) 2N3611, 2N3613 25 -
2N3612, 2N3614 35 -

Floating Potential 
VEBF 

(VCB = VCB max) All Types - 1.0 

Collector-Emitter Leakage Current 1cEO 
(V CE.= 1/2 V CEO max) All Types - 30 

Collector-Emitter Leakage Current 1cEX 
(VCE = VCE max, VBE = 1.0 Vdc, Tc= +100°C) 

All Types - 10 

Collector-Base Cutoff Current 1CBO 
(VCB = 2 Vdc) All Types - . 040 

(V CB= 25 Vdc) 2N3611, 2N3613 - 0. 5 

(V CB= 40 Vdc) 2N3612, 2N3614 - 0. 5 

(VCB = VCB max) All Types - 5.0 

Emitter-Base Cutoff Current ~BO 
(VEB = VEB max) All Types - 500 

(V EB= 12 Vdc) All Types - 100 

Collector-Emitter Saturation Voltage VCE(sat) 
(IC = 3 Ade, 16 = 300 mAdc) All Types - 0. 25 

(IC = 7 Ade, IB = 700 mAdc) All Types - 0. 35 

Base-Emitter Saturation Voltage VBE(sat) 
(IC = 3 Ade, 18 = 300 mAdc) 2N3611, 2N3612 - o. 7 

2N3613, 2N3614 - o. 6 

(IC = 7 Ade, 18 = 700.mAdc) 2N3611, 2N3612 - 1.1 
2N3613, 2N3614 - 0.9 

Transconductance gFE 
(le= 3 Ade, VCE = 2 Vdc) 2N3611, 2N3612 3.0 -

2NS613, 2N3614 3. 5 -
Small Signal Current Gain hie 

(IC = 0. 5 A, V CE = 12 V, f = 20 kc) All 'Types 15 -
(IC = O. 5 A, V CE = 2 V, f = 1 kc) 2N3611, 2N3612 40 100 

2N3613, 2N3614 60 150 

DC Current Gain hFE ('c = 3 Ade, VCE = 2 Vdc) 2N3611, 2N3612 35 70 
2N3613, 2N3614 60 120 

(IC= 7 Ade, VCE = 2 Vdc) 2N3611, 2N3612 20 -
2N3613, 2N3614 30 -

•sweep Test: 1/2 sine wave, 60 cps 

POWER-TEMPERATURE DERATING CURVE 

FIGURE 1-POWER·TEMPERATURE DERATING CURVE 

These transistors are 
also subject to safe area 
curves. Both limits are 
applicable and must be 
observed. 
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---Motorola Power Transistors-

2N3611 thru 2N3614 (continued) 

COLLECTOR CURRENT versus BASE·EMIITER VOLTAGE 
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TYPICAL SWITCHING TIMES 
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---Motorola Power Transistors---

2N3615 thru 2N3618 Pc=85W 
lc=7A 
Vcao = 80-100 V 

PNP germanium power transistors for switching and 
amplifier applications. 

MAXIMUM RATINGS 

Characteristics Symbol 2N3615 2N3616 Unit 2N3617 2N3618 
Collector-Emitter Voltage VCES 60 75 Vdc 

Collector-Emitter Voltage VcEo 50 60 Vdc 
(Open Base) 

Collector-Base Voltage VcBo 80 100 Vdc 

Emitter-Base Voltage VEBO 40 50 Vdc 

Collector Current (Continuous) 1c 7 Ade 

Peak Collector Current le 15 Ade 
(PW;; 5 msec) 

Base Current (Continuous) la 2 Ade 

Storage Temperature Tstg -65to+110 OC 

Operating Case Temperature TC -65to+110 --u-c 

Total Device Dissipation PD Watts 
@Tc = 25°c 85 
Derate above 25°c 1 w/0c 

Thermal Resistance, llJC 1.0 0 c/w 
Junction to Case 

-
Thermal Resistance, llcA 32.7 0 c/w 

Case to Ambient 

5 100 
POWER-TEMPERATURE DERATING CURVE 

~g 85 
~~ 4 80 
~z 3 60 .... 2 
--'I- 2.6 .., <i: 

2 40 ~-o~ 
::I Ci 20 <o::: 
.s~ 
c..~ 0 0 

0 25 50 75 100 110 
TEMPERATURE (°C) 

These transistors are also subject to safe area curves 
Both limits are applicable and must be observed. 
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---Motorola Power Transistors---

2N3615 thru 2N3618 (continued) 

ELECTRICAL CHARACTERISTICS (atTc"" 25°C unless otherwise specified) 

Characteristics Symbol Min Max Untt 

Collector-Emitter Breakdown Voltage• BVCES * Vdc 
('c = 250 mAdc) 2N3615, 2N3617 60 -

2N3616, 2N3618 75 -
Collector-Emitter Breakdown Voltage* BVCEO * Vdc 

(IC = 300 mAdc) 2N3615, 2N3617 50 -
2N3616, 2N3618 60 -

Floating Potential VEBF Vdc 
(VCB = VCB max) All Types - 1.0 

Collector-Emitter Leakage-Current ICEO mAdc 
(V CE = 112 V CEO max) All Types - 30 

Collector-Emitter Leakage Current ICEX mAdc 
(VCE = VCE max, VBE = 1.0 Vdc, Tc= +100°C) 

All Types - 10 

I 
Collector-Base Cutoff Current IcBo mAdc 

(VCB = 2 Vdc) All Types - . 060 

(V CB= 55 Vdc) 2N3615, 2N3617 - l. 0 

(V CB = 65 Vdc) 2N3616, 2N3618 - 1. 0 

(VCB = VCB max) All Types - 5. 0 

Emitter-Base- Cutoff Current 1EB0 
µAde 

(VEB = VEB max) All Types - 500 

(VEB = 12 Vdc) All Types - 100 

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(IC = 3 Ade, 18 = 300 mAdc) All Types - 0. 25 

(IC= 7 Ade, 18 = 700 mAdc) All Types - 0.35 

Base-Emitter Saturation Voltage VBE(sat) Vdc 
(IC = 3 Ade, IB = 300 mAdc) 2N3615, 2N3616 - 0. 7 

2N3617, 2N3618 - 0. 6 

(IC = 7 Ade, IB = 700 mAdc) 2N3615, 2N3616 - 1.1 
2N3617; 2N3618 - 0. 9 

Transconductance gFE~ mhos 
(IC = 3 A, V CE = 2 V) 2N3615, 2N3616 3. 0 -

2N3617, 2N3618 3. 5 -
Small Signal Current Gain hie -

(IC = 0. 5 A, V CE = 12 V, f = 20 kc) All Types 15 -
(IC" 0.5 A, VCE 0 2 V, f" I kc) 2N3615, 2N3616 40 100 

2N3617, 2N3618 60 150 

DC Current Gain hFE -
('c = 3 Ade, VCE = 2 Vdc) 2N3615, 2N3616 30 60 

2N3617, 2N3618 45 90 

(IC= 7 Ade, VCE 0 2 Vdc) 2N3615, 2N3616 20 -
2N3617, 2N3618 30 -

*Sweep 'test: 1/2 sine wave, 60 cps 
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---Motorola Power Transistors-

2N3615 thru 2N3618 (continued) 

SAFE OPERATING AREAS 
2N3615 and 2N3617 2N3616 and 2N3618 

20 .-~~.-~--,~~--.~~--,~~--,~~~ 

15 t---.,...-t-~--t.---...---t~~--t~~--t~~----4 
20 ~~~~~~~--~~~~~~~~~~ 

15t-~t-~-;,-~--.t-~-+~---+~--t~~t-~~ 

1;~~~~~~~~~~~~~~~~~~ 10~~~~ 

0.3 

0.2 

• 10 20 30 40 50 
Ve" COLLECTOHMITTER VOLTAGE (VOLTS) 

NOTE The Safe Operating Area Curves indicate 
•~-Vn: limits below which the device will not go into 
secondary breakdown. Collector load lines for specific 
circuits must fall within the applicable Safe Area to 
avoid causing a collector-emitter short. (Case tempera
ture and duty cycle of the excursions make no signifi
cant change in these safe areas.) The load line may 
exceed the BV ('Jo;s voltage limit only if i:he collector 

60 

i 
i 1.5 

~ 
0.7 8 

Jl 0.5 
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Ve1. COLLECTOR EMITTER VOLTAGE IVOLTSI 

current has been reduced to 20 mA or less before or 
at the BVci·;~ limit; then and only then may the load 
line be extended to the absolute maximum voltage rat
ing of BV cBo· To insure operation below the maximum 
T.1, the power-temperature derating curve must be ob
served for both steady state and pulse power condi
tions. 

DC CURRENT GAIN versus COLLECTOR CURRENT 
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---Motorola Power Transistors---

2N3615 thru 2N3618 (continued) 

COLLECTORCURRENT versus BASE-EMITTER VOLTAGE BASE CURRENT versus BASE-EMITTER VOLTAGE 

300 .-----r--r-~-.------.---,--------,--,!ZJ-,,,---, 

100 i-------r-----t--t----i-----t---------r---t-Vl-71'~-l?'r/51 

100 ~~~~~~_L$!§~2l~~ 

5.0 t---+-+---+t-i~,-++--7++--+----+--+----1---i 
f ±± 

3.0 t----+-++--+++---++---+-+---+-+---t----1 
V 1 / VcE=2V 

2.0 1---+-/-,'f-TJ-+-+-j_----+--+----+ SEEINOTE l t---

1.0 '----'-''---'-JL__..__-'--'--'---'-------'-----'-------'---'---' 
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v.,, BASE-EMITTER VOLTAGE IVOLTSJ V,., BASE-EMITTER VOLTAGE !VOLTS) 

NOTE 1 - Dotted line indicates Metered Base Current plus the I cuo of the transistor at 100°C. 

TYPICAL SWITCHING TIMES 
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COLLECTOR CURRENT versus BASE-EMITTER VOLTAGE 
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---Motorola Power Transistors---

2N3713 thru 2N3716 Pc= 150W 
le= 10A 
Ycao = 80-lOOV 

NPN silicon power transistors for medium-speed 
switching and amplifier applications. 

CASE 1 
(T0-3) 

MAXIMUM RATINGS 

Characteristic 
Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current (Continuous) 

Base Current (Continuous) 

Power Dissipation 

Thermal Resistance 

Symbol 

Vcso 

VcEO 

VEBO 

1c 
Is 

Pc 

eJC 

2N3713 2N3714 
2N3715 2N3716 

80 100 

60 80 

7 7 

10 10 

4.0 4.0 

150 150 

1.2 1.2 

Operating Junction and TJand 
-65 to +200 Storage Temperature Range Tstg 

10 

s 2 

l!lu~ 
1.0 

i 0.7 

~ 0.5 

0.3 

0.2 

0.1 
0 

2N3713, 2N3715 SAFE OPERATING AREAS 2N3714, 2N3716 

~ t:'S:' "'I: 500µsec 

' 250µsec 

DCto5msec ~' ['\ I l 
'\: ~ 

v,501""' 

lnoec i\\ 

~ 

10 20 30 40 50 oo ro w ro 30 40 

Ve• COLLICTOR·EMITTER VOLTAGE (VOLTS) 

50 00 

Unit 
Volts 

Volts 

Volts 

Amps 

Amps 

Watts 

0c/w 

OC 

10 ao· so 

The Safe Operating Atea Curves indicate le - V <'E limits 
below which the device will not go into secondary break
down. Collector load lines for specific circuits must fall 
within the applicable Safe Area to avoid causing a collector
emitter short. (Duty cycle of the excursions make no signifi-

cant change in these safe areas.) To insure operation below 
the maximum T J, the power-temperature derating curve 
must be observed for both steady state and pulse power 
conditions. 
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-Motorola Power Transistors-

2N3713 thru 2N3716 (continued) 
ELECTRICAL CHARACTERISTICS (Tc=2''Cunlmothe<wisonoted) 

Characteris1ic Symbol Min Max Unit 

Emitter-Base Cutotf Current ~BO mAtlc 
(VEB =7Vdc) All Types - 6 

---------
Collector-Emitter Cutoff Current 'cu mAtlc 

(VCE • 80 Vtlc, V~E • -1.5 Vtlc) 2N3713, 2N3715 - I 
!VcE = 100 Vtlc, BE" -1.5 Vde) 2N3714, 2N3718 - I 
!VcE = 80 Vtlc, VBE - -1.5 Vtlc, Tc - lllO"c) 2N3713, 2N3715 - 10 
!VcE ·80 Vtlc, VBE = -1.5 Vdc, Tc = 1500c) 2N3714, 2N3718 - 10 

------
Collector-Emitter Sustaining Voltage• VcEO(sus)• Vtlc 
('c = 200 mAtlc, Ie = O) 2N3713, 2N3715 80 -

2N3714, 2N3716 60 -------
DC Current Gain• bl'E* -

ttc = 1 Ade, VcE • 2 Vdc) 2N3713, 2N3714 25 90 
2N3715, 2N3718 \ID 150 

('c • 3 Ade, VCE = 2 Vtlc) 2N3713, 2N3714 15 -
2N3715, 2N3718 30 -

------
Collector-Emitter Satw-atioo Voltage• VCE(sat) • Vtlc 

ttc= 6Adc,Ie=0.6Adc) 2N3713, 2N3714 - 1.0 
2N3715, 2N3718 - 0.8 

------
Base-Emitter Saturation Voltage* VeE(sat) • Vtlc 

ttc • 5 Mc,IB = 0.5 Ade) 2N3713, 2N3714 - 2.0 
2N3715, 2N3718 - 1.5 

------
Base-Emitter Voltage• VsE• Vtlc 

<1c = 3 Ade, VcE = 2 Vtlc) All Types - 1.6 

Small Slpa1 Current Goin hie -
!VcE = IOVtlc, 'c = 0.6 Adc,f - I me) All Types 4 -

Switching Tim•• Typ µsec °fu. = s<A, Ie1 • JB2 = o.5 A) 
eTime Ir 0.45 

storage Time t,, 0.3 
Fall Time 't 0.4 

•use sweep test to prevent' overheatl.; 1g 
COLLECTOR-EMITTER SATURATION VOLTAGE VARIATIONS 
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---Motorola Power Transistors---

2N3713 thru 2N3716 (continued) 
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---Motorola Power Transistors---

2N3713 thru 2N3716 (continued) 

CURRENT GAIN VARIATIONS 
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---Motorola Power Transistors---

2N3719 
2N3720 

Po= 1 W 
lc=3A 
V CBO = 40-60 V 

CASE 31 
(T0-5) 

PNP silicon annular power transistors for high
speed, high-current switching in core, driver and 
Class C power applications. 

ABSOLUTE MAXIMUM RATINGS 

Characteristic Symbol 2N3719 2N3720 Unit 
Collector-Base Voltage Vceo 40 60 Volts 

Collector- Emitter Voltage VcEo 40 60 Volts 

Emitter -Base Voltage VEBO 4 4 Volts 

Collector Current-Continuous 1c 3 3 Amps 
Collector Current-Peak 10 10 Amps 

Base Current le 0.5 0.5 Amp 

Total Device Dissipation @ TA = 25°C PD 1.0 Watt 
Derate above 25oc 5.72 mw/0 c 

Total Device Dissipation@ Tc = 25°c PD 6 Watts 
Derate above 25°c 34.3 mw/0 c 

Operating Junction and Storage TJ and -65 to +200 oc 
Temperature Range Tstg 

SAFE OPERATING AREAS 
2N3719 

10 
s;; 50µsed ~ 5µse~~ 7.0 

5.0 n.. ~ ~ 
3.0 

T rs: ~ :"SI ::I 
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0.3 h Pi>@Tc=~ ~ 
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.01EE~~§~§~:x~~ 
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r------t-- Po @ T,.. = 25°C '"'-ot-=---+--,.~..

.03 t--+--t--+--t-+-=""""-d-11-""·'.i· 

BV"° @ le = 20mA ..-+-.01 _ _.__.___.__.....__.__.....__.___. 
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2N3720 

50 µsec 5 µsec =+=== 

\ ~msec ~ \l 

BV""@lc=20mA~ t--
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---Motorola Power Transistors---

2N3719 and 2N3720 (continued) 

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

Characteristic Symbol Min Max Unit 

Collector Leakage Current 1cEX 
µAde 

(VcE • 40 Vdc, VBE • 2 Vdc) 2N3719 10 

(VcE • 60 Vdc, VBE • 2 Vdc) 2N3720 10 

Collector-Base Cutoff Current 1cBO 
mAdc 

(VcB • 40 Vdc, IE • 0, TA • 25°C) 2N3719 .010 

(VcB • 40 Vdc, IE • 0, TA. 150°C) 2N3719 

(VcB • 60 Vdc, IE • 0, TA. 25°c) 2N3720 .010 

(VcB • 60 Vdc, IE • 0, TA • 150°C) 2N3720 1 

Etnitter-Base Cutoff Current 1EBO mAdc 
(VBE • 4 Vdc, le • O) 

DC Current Gain• hFE* 
(le • 50o mA, vcE • 1.5 v, TA • 25°c) 20 

(le • 1 A, VcE • 1.5 v, TA. 25°c) 25 180 

(le • 1 A, VcE • 1.5 v, TA· -4o0c) 15 

Collector-Emitter Saturation Voltage• VcE(sat)• Volts 
(le • 1 A, IB • 100 mA, TA • -40 to+ 10ooc 0.75 

(le • 3 A, IB. 300 mA, TA. 25°C) 1.5 

Base-Emitter Saturation Voltage• VBE(sat)• Volts 
(le • 1 A, IB • 100 mA) 1.5 

(le • 3 A, IB • 300 mA) 2.3 

Collector-Emitter Breakdown Voltage• BVcEo· Volts 
(le • 20 mA, IB • O) 2N3719 40 

2N3720 60 

Collector Output Capacitance Cob pf 
(VcB • 10 Vdc, IE • o, f • 100 kc) 120 

Input Capacitance cib pf 
(VBE • 0.5 Vdc, 1c • 0, f • 100 kc) 1000 

Current-Gain - Bandwidth ProdUct IT me', 
(V c;E • 10 Vdc, le • 500 mAdc, f • 30 me) 60 

Delay Plus Rise Time (Figure 14) ton nsec 
(le-• 1 Ade, !Bl • 100 mA) 75 

,Storage Time (Figure 15) ts Dj:l"!C 

(le • 1 Ade', !Bl • IB2 • 100 mA) 150 

Fall Time (Figure 15) ti nsec 
(le • 1 Ade, !Bl • IB2 • 100 mA) 75 

BASE-EMITTER SATURATION VOLTAGE VARIATIONS 
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---Motorola Power Transistors---

2N3719 and 2N3720 (continued) 
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---Motorola Power Transistors---

MP500 thru MP502 
MP504 thru MP506 

Pc= 170W 
lc=60A 
Vcao = 45.75 W 

PNP germanium power transistors for high-gain, 
high-power amplifier and switching applications in high 
reliability industrial equipment. 

MAXIMUM RATINGS 

Characteristic Symbol 

Collector-Base Voltage BVcao 

Collector-Emitter Voltage BVcES 

Collector-Emitter Voltage BVCEO 

Emitter-Base Voltage BVEBO 

Collector Current 'c 
Power Dissipation at TC ~ 25°C Pc' 

Junction Temperature Range TJ 

POWER DERATING 

The maximum continuous power is related to maximum 
junction temperature by the thermal resistance factor. 

This curve has a value of 170 Watts at case temperatures 
of 25°C and is O Watts at 110°C with a linear relation be
tween the two temperatures such that: 

allowable Pu= 1100 - Tc 
0.5 

MPSOO 
MP504 

45 

45 

30 

25 

60 

170 

s 175 

i!. 150 

~ 125 
if 100 

~ 75 

i :~ 
~ 0 

MP501 MP502 
Unit MPSOS MPSO& 

60 75 Volts 

60 75 Volts 

45 60 Volts 

30 40 Volts 

60 60 Amps 

170 170 Watts 

-65to+ 110 - OC 

POWER-TEMPERATURE DERATING CURVE 

....... 170 WATTS MAXIMUM 

r-... rs;: 
~ 

"b.. 

"' " 10 20 30 40 50 60 70 80 90 100 110 
Tc, CASE TEMPERATURE (°C) 

MP500, MP504 
SAFE OPERATING AREA 

MP5D1, MP505 MP502, MP506 .. 
50 
40 
30 

20 

10 

0.5 
0.4 
0.3 

0.2 

.1 ~~ lc(MAX'.J-t--

..'1! ~ ~ ·=~=-I-

~~ 
5msec 

r--; lms'ec 

10(MAX.)~ et: 5~Dµse~ 2N2152 t-250,.sec t::::!'l'1 z~ II: 
~""'~-170·WATT ~\l\ ORLEsl 

POWER DISSIPATION AT 
25°CCASETEMPERATURE ~~ - "<'.::'. 

-,~ 
~ 

0.1 
0 

0.1 0.1 ._....__._.._ ........... _.._ ..................... 
10 20 30 40 50 0 10 2Q 30 40 50 60 70 0 102030405060708090 

COLLECTOR-EMITTER VOLTAGE (VOLTS) COLLECTOR-EMITTERYOLTAGE(YOLTS} COLLECTOR.f:MITIERVOLTAGE(VOl.TS) 

The Safe Operating Area Curves indicate le -
VcE limits below which the device will not go into 
secondary breakdown. Collector load lines for spe
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 

(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum TJ, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 
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---Motorola Power Transistors---

MPSOO thru MP502 MP504 thru MP506 (continued) 

ELECTRICAL CHARACTER I STI cs (At 25'C me temperatu<e unless othe<wise specified) 

LTPD applies to "MEG-A-LIFE" units only 

Characteristic Symbol Min 

Collector-Base Cutoff Current (Note 1) 1ca01 
(Vea= -45 v, IE= O) MPSOO, MP504 
{Vea= -60 v, IE= 0/ MP501, MP505 
(Vea = -75 v, IE= 0/ MP502, MP506 

Collector-Base Cutoff Current !Cao-
(Yee= Vcemax. IE = o, Tc = +7t 0C) All Types 

Collector-Base Cutoff Current lcBO 
(Vee= -2 V, IE = 0) All T:,·pes 

Emitter-Base Cutoff Current (Note 1) IEao--
(VEE= -25 V, 1c = O) MPSOO, MP504 
(VEE " -30 V, le = O) MP501, MP505 
(VEB = -40 V, Ic = 0) MP502, MP506 

Emitter-Base Cutoff Current IEao--
WEB= VEBmax• 1c = 0, Tc = +71°C) All Types 

Collector-Emitter Breakdown Voltage (Notes 1 and 2) ~ 
(le .. 300 mA, VEB"' 0) MP500, MP504 -45 

MP501, MP505 -60 
MP502, MP506 -75 

Collector-Emitter Breakdown Voltage (Notes 1 and 2) BVCEO 
(1c = l.OA,IB = 0) MP500, MP504 -30 

MP501, MP505 -45 
MP50~. MP506 -60 

Floating Potential (Note 1) VEBF 
(Vee= 45 v, IE = O) MP500, MP504 
(Vee= 60 v, IE= O) MP501, MP505 
(Vee= 75 V, IE= 0) MP502, MP506 

DC Current Transfer Ratio (Note 1) ~ 
Uc = 15 A, VcE = 2 V) MP500 through MP502 30 

MP504 through MP506 50 
(1c = SOA,VCE" 2 V) All Types hFE 12 

Collector-Emitter Saturation Voltage VCE(sat) 
(Ic; = 15A,Ie= 1 A) All Types 
(IC= 50A, le= 5 A) All Types 

Base-Emitter Saturation Voltage VeE(sat) 
(1c = 15 A, IB = I A) All Types 
(!(: = 50A,IB= 5 A) All Types 

Common Emitter Cutoff Frequency - .. -.--
(le = 15 A, VCE = 2 V) All Types 

INPUT AND TRANSFER CHARACTERISTICS 

Typ 

0,9 
0,9 
0.9 

4.0 

80 

0.2 
0.2 
0.2 

2.7 

47 
63 
20 

0.11 
0.2 

0.7 
2.0 

3.6 
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4.0 
4.0 

\5 

200 

4.0 
4.0 
4.0 

15 

l.O 
l.O 
1.0 

60 
100 

0.2 
0.45 

1.5 
2.5 

COLLECTOR CURRENT 
versus BASE-EMITTER VOLTAGE 

DC CURRENT GAIN 
versus COLLECTOR CURRENT 

60 

50 

z 

Unit 
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---Motorola Power Transistors---

MP2060thru MP2063 Pc= 150W 
le= lOA 
Vcao = 80·100V 

CASE 1 
(T0-3) 

PNP germanium power transistors for audio amplifier 
applications. 

MAXIMUM RATINGS 

Characteristics Symbol MP2060 jMP2061 MP2062 MP2063 Unit 

Collector-Emitter Voltage VCES 30 45 60 75 Vclc 

Collector-Emitter Voltage VcEO 25 35 50 60 Vdc 
(Open Base) 

Collector-Base Voltage VCBO 40 60 75 90 Vdc 

E-mitter-Base Voltage VEBO .. 20 ::a; Vclc 

Collector Current (Continuous) le ... 7 ::JiO Ade 

Peak Collector Current le .. 15 =-- Ade ~ 

(PW~ 5 msec) 

Base Current (Continuous) IB -- 2 __.. Ade ~ 

storage Temperature Tstg 4----- -65 to+llO -----... oc 

Operating Case Temperature Tc 4----- - 65 to+ 110 _____.,. oC 
Total Device Dissipation Po 

@re = 25°c .. 85 :: Watts 
Derate above 25°c .. 1 w/0c 

Thermal Resistance BJc 1.0 OC/W 
Junction to Case 

Thermal Resistance BcA 32.7 0c/w 
Case to Ambient 

@Tc POWER-TEMPERATURE DERATING CURVE 
100 

~@ 85 Tc 

ffi 1! 80 
~ z: 60 .... S! 
~~ 
~!!: 40 
o~ 
::I 25 20 
cc "" 
~~ 0 "-

0 25 50 75 100 110 125 

TEMPERATURE (°C) 
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---Motorola Power Transistors---

MP2060 thru MP2063 (continued) 

ELECTRICAL CHARACTERISTICS (AtTc=2'°Cuntessothorwtsesooctfiod) 

Cltl11t:11rlllfcs SJnt•ttl Min Typ Mu llttlt 

DC Forward Current Gain (Note 1) hFE -Uc = 3 Ade, VcE = 2 Vdc) All Types 30 - 200 

Current Gain-Bandwidth Product 
'~ kc 

Uc = 0.5 Ade, VcE = 12 Vdc) All Types - 600 -
Collector-Emitter Saturattm Voltage VcE(sat) Vdc 

(IC = 3.0 Ade, IB = 0.3 Ade) All Types - - 0.25 

Base-Emitter saturation Voltage VBE(sat) Vdc 
('c • 3.0 Ade, 'B = 0.3 Ade) All Types - - 0.'10 

DC Transconductance gFE mhos 
Uc • 3.0 Ade, VcE. 2 Vdc) All Types 3.0 - -

Collector-Emitter Breakdown Voltage• BVCES• Vdc 
(IC = 250 mAdc) MP2060 30 - -

MP2061 45 - -
MP2062 60 - -
MP2063 75 - -

Collector-Emitter SUstaining Voltage• BV CEO(sus)• Vdc 
Uc • 500 mAdc) MP2060 25 - -

MP2061 35 - -
MP2062 40 - -MP2063 60 - -

Collector-Base Breakdown Voltage BVcBO Vdc 
Uc= 20 mAdc) MP2060 40 - -

MP2061 60 - -
MP2062 75 - -
MP2063 llO - -

Collector-Base Cutott Current 'cBO mAdc 
(VCB = 2 Vdc) All Types - - 0.060 
(V CB = 25 Vdc) MP2060 - - 1.0 
(V CB = 35 Vdc) MP2061 - - 1.0 
\Vee • 40 Vdc) MP2062 - - 1.0 
(V CB = 60 Vdc) MP2063 - - 1.0 

Collector-Emitter Cutoff Current 'cEJC mAdc 
(VcE = 30 Vdc, VBE(oft) = 1 Vdc, Tc = 100CC) MP2060 

- - 10 
(VcE • 45 Vdc, VBE(off) = 1 Vdc, Tc = 100CC) MP2061 

- - 10 
<VcE • 60 Vdc, VBE(oft) • I Vdc, Tc = 100°c) MP2062 

- - 10 
(V CE = 75 Vdc, VBE(off) = 1 Vdc, Tc • IOOCC) MP2063 - - ID 

Emitter-Base Cutoff Current !EBO mAdc 
(VBE = 20 Vdc) All Types - - 1.0 

Input Impedance "ie ohms 
('c =-500 mAdc, VcE = -12 Vdc, lb= 1 mAdc, f = lkc) - 25 -

Distortion 

" % <1c "' -500 mAdc, Veg = -12 Vdc, R8 = 30 umns, RL = 25 ohms, 

RE (unbypassed) • 0.33 ohm, Pout = 2 watts) - 3 -
•sweep Teat: 1/2 sine wave, 60 cps 

Note 1: 

Upon eustomer's request the transistors will be numerically coded to identify matched pairs. 
The DC current transfer ratios are sorted into approximately 1:1.5 ranges. Any two devices 
within a bracket constitute a matched pair. No guarantee la made of gain distribution; bracket 
selection available at a slight increase in price. 

le = 3 Ade, VcE = 2 Vdc 

Appropriate MP# -1 
-2 
-3 
-4 
-5 
-6 
-7 
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---Motorola Power Transistors---

MP2060 thru MP2063 (continued) 

COLLECTOR-EMlmR CURRENT versus BASE-EMlmR RESISTANCE NORMALIZED COLLECTOR-BASE CURRENT versus JUNCTION TEMPERATURE 
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---Motorola Power Transistors---

MP2060 thru MP2063 (continued) 

COLLECTOR-EMITTER SATURATION VOLTAGE VARIATIONS 
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A WORD ABOUT ANNULAR .•• 

Cross Section of an Annular Transistor 

P-TYPE EPITAXIAL COLLECTOR REGION 

P+ SUBSTRATE 

For more than 2 years ... 

Motorola has demonstrated the advantages of the annular 
process in its line of high-frequency silicon transistors. 

This Motorola-developed process represents the most advanced 
means for manufacturing highly reliable, high-performance, surface
passivated silicon transistors. Initially developed as an answer to 
channeling, which prevents the fabrication of high-voltage PNP 
transistors by conventional surface passivation methods, it has been 
continually refined to provide a proven history of extreme stability 
and exceptionally long-term reliability. 

The annular structure overcomes the randomly induced chan
neling problem with a deliberately induced channel, with controlled 
characteristics, terminated by means of an annular diffused 
region that prevents the spread of the channel to the unpassivated 
edges of the transistor chip. 

The advantages of the annular process are inherent in all 
Motorola PNP and NPN high-frequency transistors as well as other 
types of semiconductor devices. 

For more detailed information on the Motorola annular process, 
send for the "Annular Process" brochure. 
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MOTOROLA 
LOW-FREQUENCY, LOW-POWER TRANSISTORS 
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• For devices meeting military specifications, see page 1-18. 

• For Meg-A-Life devices with certified reliability, see page 1-21. 

• For case outline dimensions, see page 1-26. 

I 
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-- Motorola Low-Frequency, Low-Power Germanium Transistors --

LOW-FREQUENCY, LOW-POWER TRANSISTORS 

The Motorola line of law-frequency, low-power transistors, sometimes called 
the "milliwatt" line, consists of a wide selection of highly reliable germanium 
PN P devices designed for general purpose switching, and control applications. 

The line ts generally characterized by devices having a power rating to 225 
mW, a maximum operating temperature range from -65°C to +100°C, and a 
typical cutoff frequency (f~) to 8 Mc. · 

QUICK SELECnON GUIDE- FOR 
AMPLIFIER/OSCILLATOR AND SWITCHING 

APPLICATIONS TO 20 KILOCYCLES· 

The followingtranststors merit first consideration within the speciliedgaln
voltage groups. All of the spectfted devices have collector power dissipation 
ratings (PC) of 11.50-225 mW, and de maximum operating junction temperature 
of 100°C. 

MINIMUM 
DC CURRENT 

TRANSISTOR VOLTAGE RATING; VcEt (R = lOK) 

GAIN (hFE) 
12-24 25-39 40-49 50-60 

20 - 2N524 MA910 @ 2Nll042 

30 2N322 2N525 2N1924 --
2Nl191 © 2Nl186 

40 2N323 2N526 2N1008A ©@ 2N1008B ©@ 
2N1008 ©@ 2N1192 © 2N1925 2Nll043 

60 2N324 2N527 2N1926 --
2N1705 2N1175 

90 2N467 2N1193 © 
2N508 2Nlll71 2N1188 --
MA1706 2N3427 

130 MA1707 2N3428 - --
180 MA1708 2N1194 

MA1702 
© --

@ Small Signal Current Gata hie 
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-- Motorola Low-Frequency, Low-Power Germanium Transistors --

COMPLETE NUMERICAL-ALPHABETICAL LISTING 

MAXIMUM RATINGS ELECTRICAL CHARACTERISTICS 
MILITARY 

Vc&R hFE@ Vee & le f,b and 
Pc TJ Vcao (R = lOK) le typ MEG·A·LIFE 

Type mW ·c volts volts mA min max volts mA me 
Type 

2N319 225 100 - 20 500 25 42 1 20 
1.01 2N320 225 100 - 20 500 34 65 1 20 1. 5 

2N321 225 100 - 20 500 53 121 1 20 2. 0 
2N322 225 100 - 18 500 34 65 1 20 1.0~ 2N323 225 100 - 18 500 53 121 1 20 1. 5 
2N324 225 100 - 18 500 72 198 1 20 2. 0 

2N331 200 100 30 vfr12 200 30 70 6 1 1. 5 JAN 2N331 
2N381 225 100 50 400 35 65 1 20 3 
2N382 225 100 50 25 400 60 95 1 20 4 
2N383 225 100 50 25 400 75 120 1 20 5 
2N398 50 85 105 . ~t=l05 100 20 - 0. 35 5 1. 0 

2N398A 150 100 105 V~t=l05 200 20 o. 35 

~~ 
1. 0 USN 2N398 

2N460 225 100 45 3~~ 400 31 200 6 4 
2N461 225 100 45 400 o. 94 hfb 0.972 6 1. 2 USAF 2N461 
2N464 200 100 45 40 100 14 - 6 1 1. 0 
2N465 200 100 45 30 100 27 - 6 1 1. 5 USA 2N465 

2N466 200 100 35 20 100 56 - 6 1 2.0 JAN 2N466 
2N467 200 100 35 15 100 112 - 6 1 2. 5 USA 2N467 
2N508 225 100 - 18 500 99 198 1 20 

2.5 ~ 2N524 225 100 - 30 500 25 42 1 20 o. 8 5 2N524A ~ 
2N525 225 100 - 30 500 34 65 1 20 1. 0 2N525A 

2N526 225 100 - 30 500 53 90 l 20 1.3@ JAN 2N526 

2N526A ~ 
2N527 225 100 - 30 500 72 121 1 20 1.5 ® 2N527A 
2N650 200 100 45 30 500 30 70 6 1 1. 5 2N650A 

USN 2N650A 
2N651 200 100 45 30 500 50 120 6 1 2.0 2N651A CD 

USN 2N651A 
2N652 200 100 45 30 500 100 225 6 1 2. 5 2N652A@ 

USN 2N652A 

2N653 200 100 30 25 250 30 70 6 1 1. 5 
2N654 200. 100 30 25 250 50 125 6 1 2. 0 
2N655 200 100 30 25 250 100 250 6 1 2. 5 
2N1008 200 100 20 20 ~ 300 40hfe 150 5 10 -
2N1008A 200 100 40 40 6 300 40hfe 150 5 10 -
2N1008B 200 100 60 60@ 300 40hfe 150 5 10 -
2N1175 225 100 - 25 500 70 140 1 20 1. 5 ® 
2N1185 200 100 45 30 500 190 400 6 1 3. 0 
2Nl186 200 100 60 45 500 30 70 6 1 1. 5 
2Nl187 200 100 60 45 500 50 120 6 1 2. 0 

2N1188 200 100 60 45 500 100 225 6 1 2.5 
2N1189 200 100 45 30 500 60 - 1 1~~ 3. 5 
2Nl190 200 100 45 30 500 100 - 1 10 2 4. 5 
2Nl191 200 100 40 25 200 30 70 6 1 1. 5 
2N1.192 200 100 40 25 200 50 125 6 1 2. 0 
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-- Motorola Low-Frequency, Low-Power Germanium Transistors --

NUMERICAL-ALPHABETICAL LISTING <continued> 

MAXIMUM RATINGS ELECTRICAL CHARACTERISTICS MILITARY 
VcER hF• @VcE & le fib 

and 
MEG-A·LIFE 

Type Pc TJ ·vcao (R= lOK) le typ Type 
mW ·c volts volts mA min max volts mA me 

2Nll93 200 100 40 25 200 100 250 6 1 2. 5 
2Nll94 200 100 40 25 200 190 500 6 1 3. 0 
2N1408 150 100 50 50@ 200 10 - 1 2~~ 2N1413 225 100 35 25 500 23 65 1 0.8 ~ 
2N1415 225 100 - 25 500 53 - 1 20 1. 3 

2N1705 200 100 18 12 400 70 hfe 150 6 1 4 5 
2Nl706 200 100 25 18 400 50 hfe 150 5 10 3 5 
2N1707 200 100 30 25 400 30 hfe 150 5 10 3 5 
2N1924 225 100 - 40 500 34 65 1 20 1.0~ 
2Nl925 225 100 - 40 500 53 90 1 20 1. 3 

2N1926 225 100 - 40 500 72 121 1 20 1.5~ 
2N2042 200 100 105 55 200 20 50 0. 35 5 o. 5 2N2042A ffi 
2N2043 200 100 105 55 200 40 100 0. 35 5 0. 75 5 2N2043A 
2N2171 225 100 50 25 400 110 250 1. 0 20 7. 5 
2N3427 200 100 45 30 500 100 350 1 100 6.0 

2N3428 200 100 4:; 30 :;oo H>O 400 l 100 8. 0 
MA112 175 85 15 - 200 ~g ~fe 70 6 1 -
MA113 175 85 15 - 200 125 6 1 -
MA114 175 85 15 - 200 100 hfe 250 6 1 -
MA115 175 85 15 - 200 30 hfe 125 6 1 -fe 
MA116 175 85 15 - 200 50 h 250 6 1 -
MA117 175 85 15 - 200 30 hfe 250 6 1 -
MA286 175 85 10 - 200 14 hfe 40 6 1 -
MA287 175 85 10 - 200 30 hfe 250 6 1 -
MA288 175 85 10 - 200 180 hfe - 6 1 -fe 
MA881 200 100 60 6~~ 500 30 1 10 o. 75 
MA882 200 100 60 60 500 40 - 1 10 1. 0 ~ 
MA883 200 100 60 60@ 500 75 - 1 10 1. 25 
MA884 200 100 60 60@ 500 125 - 1 10 1. 75 
MA885 200 100 50 50@ 500 15 hfe 40 6 1 o. 75 

MA886 200 100 50 50 ~ 500 ~g ~fe 70 6 1 0.7~I MA887 200 100 50 50@ 500 120 6 1 1. 25 
MA888 200 100 50 50@ 500 100 hfe 225 6 1 o. 5 
MA889 200 100 50 50~ 500 190 hfe 400 6 1 
MA909 150 100 75 35 200 20 fe - 0. 35 5 -
MA910 150 100 90 45@ 200 20 - o. 35 5 -
MA1702 200 100 45 30 500 200 - 1 100 7.0 min 
MA1703 200 100 25 25 500 100 350 1 100 3.0 min 
MA1704 200 100 25 25 500 150 400 1 100 5.0 min 
MA1705 200 100 25 25 500 200 - 1 100 6. 0 min 

MA1706 200 100 15 15 500 100 350 1 100 3. 0 min 
MA1707 200 100 15 15 500 150 400 1 100 4.0 min 
MA1708 200 100 15 15 500 200 - 1 100 5. 0 min 

(!) MEG·A·LIFE © IE © la © BVc&s @ Minimum @ VcEO (!) Ra&= 1 K 
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-- Motorola Low-Frequency, Low-Power Germanium Transistors 

2N319 thru 2N321 BVcao = 2.5 V 
hFe - to53-121 (min-max) 
fab - to 2.0 MC 

CASE 3l 
(T0-5) \ PNP germanium transistor for audio amplifier 

and low-frequency switching applications. 

ABSOLUTE MAXIMUM RATINGS 

CltlllCllrlstlc SyUI llulmu• Unit 

Collector-Base Voltage VCBO 25 Vdc 

Collector-Emitter Voltage VCEO 20 Vdc 

Emitter-Base Voltage VEBO 5 Vdc 

Collector Current Ic 500 mAdc 

Junction and Storage Temperature Tl & Tstg -65 to+ 100 oc 

Power Dlsslpatl.on at 25°C Free Alr PD 225 mW 

ELECTRICAL CHARACTERISTICS <At 2s·c unless otherwi!ie noted> 

Characteristic Symbal Minimum Maximum Unit 

Collector Cutoff Current 1CBO V CB= -25 Vdc, ~ = 0 - 16 µMc 

Emitter Cutoff Current 1EBO VEB = c15 Vdc, IC= 0 - 10 µAde 

Collector-Emitter Voltage BVCER 1c: = O. 6 mAdc, ~E = 10 K 20 - Vdc 

DC Current Gain hFE 1c: = 20 mMc, V CE = -1 Vdc 

2N319 25 42 -
2N320 34 65 -
2N321 53 121 -

DC Current Gain hFE 1c: = 100 mMc, V CE • -1 Vdc 

2N319 23 - -
2N320 30 - -

' 2N321 47 - -
Base Input Voltage VBE 

V CE = -1 Vdc, 1c: = 20 mAdc 180 320 mVdc 

Output Capacitance; Input AC Open Circuit cob 
V CB= -5 Vdc, ~ = 1 mAdc, f = 1 Mc - 35 µµf 

Frequency Cutoff fab 
VCB = -5 Vdc, ~ • l mAdc 

2N319 1. 0 - Mc 
2N320 1. 5 - Mc 
2N321 2.0 - Mc 
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-- Motorola Low-Frequency, Low-Power Germanium Transistors --

2N322 thru 2N324 
2N508 

BVcao = 18 V 
hFe -to 99-198 (min-max) 
fab - to 2.5 MC 

PNP germanium transistors for audio driver and low
power output service in entertainment equipment. 

CASE 31 
(T0-5) 

ABSOLUTE MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Junction and Storage Temperature 

Power Dissipation at 25°C Free Air 

Symbol 

VCBO 

VCEO 

VEBO 

Ic 

Tj&Tstg 

·pD 

Maximum Unit 

18 Vdc 

18 Vdc 

5 Vdc 

500 mAdc 

-65 to+ 100 oc 

225 mW 

ELECTRICAL CHARACTERISTICS (at 25°C case temperature unless otherwise noted) 

Characteristic Symbol Minimum Maximum Unit 

Collector Cutoff Current 1CBO 
V CB = -16 Vdc, ~ = 0 - 16 µAde 

Emitter Cutoff Current ~BO 
V EB = -3 Vdc, IC = 0 - 16 µAde 

Collector-Emitter Voltage BVCER 
IC = 0, 6 mAdc, RBE= 5 K 18 - Vdc 

DC Current Gain hFE 
v CE= -1 Vdc, le= 20 mAdc 

2N322 34 65 -
2N323 53 121 -
2N324 72 198 -
2N508 99 198 -

Base Input Voltage VBE 
VCE = -1 Vdc, IC= 20 mAdc 180 320 n1Vdc 

Output Capacitance; Input AC Open Circuit cob 
V CB = -5 Vdc, ~ = 1 mAdc, f = 1 Mc - 35 ,pf 

Frequency Cutoff 
VCB = -5 Vdc, IE= 1 mAdc 

2N322 
fab 1. 0 - Mc 

2N323 1. 5 - Mc 
2N324 2.0 - Mc 
2N508 2. 5 - Mc 
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--Motorola Low-Frequency, Low-Power Germanium Transistors --

2N33J BVceo = 30V 
hte = 30-70 (min-max) 
fab - to 1.5 MC 

CASE 31 
(T0-5) 

PNP germanium transistor for audio range amplifier 
and switching service in military equipment. Have col
lector dissipation and storage temperature ratings sig
nificantly higher than those of the military specification 
(see maximum ratings table below). 

ABSOLUTE MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Collector-Base Voltage VCBO -30 Volts 

Emitter-Base Voltage VEBO -12 Volts 

Storage Temperature (MIL-S-19500/ 4C) Tstg -65 to+ 85 •c 

storage Temperature (Motorola JAN 2N331) Tstg -65 to+ 100 ·c 

Collector Dissipation at TA= 25°C PD 75 mW 
(MIL-S-19500/4C 

(Derate 1.25 mW/°C above 25°C) 

Collector Dissipation at TA = 25°C PD 200 mW 
(Motorola JAN 2N331) 

(Derate 2.67 mW/°C above 25°C) 

ELECTRICAL CHARACTERISTICS (at 25°C case temperature unless otherwise noted) 

Characteristic Symbol Minimum Maximum Unit 

Emitter Cutoff Current 
~BO ,.Ade (V EB= -12 Vdc, IC = 0) - -10 

Collector Cutoff Current 1CBO µAde 
(V CB = ~30 Vdc, IE = 0) - -10 

Small-Signal Open-Circuit Output Admittance hob µmho 
(V CB = -6 Vdc, ~ = 1. 0 mAdc, f = 1 kc) - 1 

Small-Signal Short-Circuit Input Impedance hib Ohms 
(V CB = -6 Vdc, ~ = 1. P mAdc, f = 1 kc) - 50 

Small-Signal Short-Circuit Forward-Current 
Transfer Ratio hre -

(VCE = -6 Vdc, IC= 1.0 mAdc, f = 1 kc) 30 70 

Small-Signal Short-Circuit Forward-Current 
Transfer Ratio Cutoff Frequency fhfb me 

(V CB = -6 Vdc, ~ = 1 mAdc) 0.4 -
Output Capacitance cob pf 

(V CB = -6 Vdc, ~ = 1 mAdc) - 50 

Noise Figure NF db 
(V CB= -6 Vdc, ~ = 1 mAdc, Rs = 1000, ohms, 

f = 1 kc, f•c.1 cps) - 20 
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--.Motorola Low-Frequency, Low-Power Germanium Transistors --

2N331 (continued) 
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-- Motorola Low-Frequency, Low-Power Germanium Transistors 

2N381 thru 2N383 
2N2l71 

BVceo = 50V 
hFe - to 110-250 (min-max} 
fab - to 7. 5 MC 

CASE31 \ 
(T0-5) 

PNP germanium transistors for small-signal audio 
amplifiers, Class B push-pull output stages and medium
speed switching circuits. 

ABSOLUTE MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Collector-Base Voltage VCBO 50 Volts 

Collector-Emitter Voltage (RBE = !OK) VCER 25 Volts 

Emitter-Base Voltage VEBO 20 Volts 

Collector Current IC 400 mA 

Junction Temperature TJ -65 to+lOO oc 

Collector Dissipation PD 
TA= 25°C 225 mW 
derate 3 mW/°C 
TC= 25°C 500 mW 

derate 6.7 mW/°C 

ELECTRICAL CHARACTERISTICS (at 25°C case temperature unless otherwise noted) 

Characteristic Symbol Minimum Typical Maximum Unit 

Collector-Base Cutoff Current 1CBO 
µAde 

(V CB = -25 Vdc) - - - 6 10 

Emitter-Base cutoff Current ~BO µAde 
(VEB = -20 Vdc) - - - 5 10 

Collector-Emitter Voltage BVCER Vdc 
(1c; = 1i00 µAde, RBE = !OK) 25 - -- -- -

Collector-Emitter Voltage BVCER Vdc 
(IC= 50 µAde, VBE = 1.0 Vdc) 2N381 --- 50 - --

2N382, 2N383, 2N2171 - - - 45 - - -

DC Current Gain hyE - --(le = 20 mAdc, v CE = -1. o Vdc) 2N381 35 - -- 65 
2N382 60 - -- 95 
2N383 75 --- 120 
2N2171 110 -- - 250 

(IC= 100 mAdc, V CE = -1. 0 Vdc) 2N381 30 -- - ---
2N382 50 - -- - - -
2N383 65 - -- ---
2N2171 90 - - - - --
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-- Motorola Low-Frequency, Low-Power Germanium Transistors 

2N381 thru 2N383 
2N2171 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic 

Small Signal Current Gain 
(le= 10 mA, VCE = -5.0 v, f = 1 kc) 

2N381 
2N382 
2N383 
2N2171 

Voltage Feedback Ratio 
(IC= 10 mA, V CE= -5 V, f = 1 kc) 

2N381 
2N382 
2N383 
2N2171 

Input hnpedance 
(le= 10 mA-, VCE = -5.0 v, f = 1 kc) 

2N381 
2N382 
2N382 
2N2171 

Output Admittance 
(IC= 10 mA, VCE = -5.0 V, f = 1 kc) 

2N381 
2N382 
2N383 
2N2171 

Transducer Gain 
(Rg = 300 fl , RL = 500 fl ) 2N381 

(Rg = 450 fl·, RL = 500 fl ) 2N382 

(Rg = 550 fl , RL = 500 fl ) 2N383 

(Rg = 785fl, RL = 500fl) 2N2171 

Output Capacitance 
(IC= 1 mA, VCB = -6V) 

Noise Figure 
(IC= 1 mA, V CE = -6V, Rg = 1 kc, f = 1 kc) 

2N381 
2N382 
2N383 
2N2171 

Cutoff Frequency 
(IC= 1 mA, VCB = -6V) 

2N381 
2N382 
2N383 
2N2171 
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Symbol 

!Je 

hre 

hie 

h 
oe 

GT 

cob 

NF 

fhfb 

Minimum 1,,1ca1 Mul11am 

35 60 85 
70 90 135 
90 115 155 

120 210 310 

- - - 0.66 - --- - - 0.69 - ----- o. 72 - --- - - 0.75 - --

- - - 300 ---- - - 450 - - -
- - - 550 - --
- - - 850 - - -

- - - 420 - --
- - - 400 - --- - - 380 ---- - - 500 - --

- - - 36 - --
- - - 38 - --
- - - 39.5 - - -
- - - 42. 5 - - -

- - - 20 - - -

- - - 6 - --
- - - 5. 5 - --- - - 5.0 - --
- - - 3.5 - --

- - - 3 - --- -- 4 - --
- - - 5 - --- - - 7. 5 - - -

U1lt 

- - -

Xl0-3 

ohms 

µmhos 

I 
db 

pf 

db 

me 
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-- Motorola Low-Frequency, Low-Power Germanium Transistors --

2N398, 2N398 A BVcao = 105 V 
hFE = 20 {min) 
fab - to 1.0 MC {typ) 

CASE 31 
(T0-5) 

PNP germanium transistor for high-voltage, audio
frequency applications. 

ABSOLUTE MAXIMUM RATINGS 

Characteristic Symbol 2N398A 2N398 Unit 

Collector-Base Voltage VCBO 105 105 Vdc 

Collector-Emitter Voltage VCEO 105 105 Vdc 

Emitter -Base Voltage VEBO 50 50 Vdc 

DC Collector Current Ic 200 100 mA 

Emitter Current ~ 200 100 mA 

Junction Temperature TJ -65 to +100 -65 to +85 ·c 
Storage Temperature Tstg -65 to +100 -65 to +85 'C 

Collector Dissipation@ 25°C PD 150 50 mW 

Thermal Resistance, Junction to Air 9JA max o. 5 1. 2 °C/mW 

ELECTRICAL CHARACTERISTICS (at 25°c case temperature unless otherwise noted) 

Characteristic Symbol Minimum Typical Maximum Unit 

Collector-Base Cutoff Current 1cBo - 12. 0 50 µA 
(V CB = 105 V, IB = 0) 

Collector-Base Cutoff Current 1CBO - 5. 0 14 µA 
(V CB = 2. 5 V, ~ = 0) 

Emitter-Base Cutoff Current 1EBO - 3.0 50 µA 
(V EB = 50 V, IC = 0) 

Collector-Emitter Saturation Voltage VCE (SAT) - 0.11 0.35 Vdc 
Uc; = 5 mAdc; IB = 0. 25 mAdc) 

Base-Emitter Saturation Voltage VBE (SAT) - 0.22 0.40 Vdc 
Uc; = 5 mAdc; ~ = O. 25 mAdc) 

DC Current Transfor Ratio hFE 20 65 - -
Cle = 5 mAdc; V CE= O. 35 Vdc) 

DC Collector-Emitter P.inch-Through Voltage VPT 105 160 - Vdc 
(V CB necessary to obtain V EB of -1 V max, 

using instrument with z1n > 11 megohm to 

measure V BE) 

Small-Signal Short-Circuit, Forward Current fab - 1. 0 - me 
Transfer Ratio Cutoff Frequency 
(V CB= 6 Vdc; IE= l mAdc) 
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Motorola Low-Frequency, Low-Power Germanium Transistors 

2N398 (continued) 
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-- Motorola Low-Frequency, Low-Power Germanium Transistors 

2N460, 2N461 BVceo = 45 V 
h1• = 31-200 (min-max) 
fab - to 4 MC (typ) 

CASE31" 
(T0-5) ~ 

PNP germanium transistor for general purpose 

industrial applications. 

ABSOLU-fE MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Collector-Base Voltage VCBO 45 Volts 

Collector-Emitter Voltage (RBE = 1 K) VCER 35 Volts 

Emitter-Base Voltage VEBO 10 Volts 

Collector Current IC 400 mA 

Collector Dissipation PD 
at 25° C Case Temperature 500 mW 
De rate above 2 5° C 6. 7 mw/•c 
at 25° C Ambient Temperature 225 mW 
De rate above 25° C 3 mw/·~ 

Junction Temperature Range TJ -65 to +100 ·c 

ELECTRICAL CHARACTERISTICS (at 25°C case temperature unless otherwise noted) 

Characteristic Symbol Minimum ·Typical Maximum Unit 
Collector-Base Cutoff Current ICBO µAde 

(V CB= 45 Vdc) --- --- 15 

ll:mitter-Base Cutoff Current ~BO µAde 
(V EB= -10 Vdc) --- --- 10 

Collector-Einitte~ Voltage BVCER Vdc 
(IC= .1 mAde, RBE = 1 K) 35 --- ---

Small ~Signal Current Gain hfb ---
(V CB= -6 Vdc;IE = 1mAdc,f=1 kc) 2N460 0.94 0.96 0.972 

2N461 0.9~5 0.968 0.988 

Small-Signal Current Gain hfe ---
(V CB= -6 Vdc, IE = 1 mAdc, f = 1 kl:) 2N461 31 --- 200 

Reverse Voltage Ratio hrb x10-4 
(V CB= -6 Vdc, IE = 1 mAdc, f = 1 kc) 2N460 --- 2 15 

- 2N461 --- 3 15 
Input Resistance bib Ohms 

(V CB - -6 Vdc, IE = l mAdc, f = 1 kc) 2N460 25 30 40 
2N461 25 --- 40 -·· 

output Admittance hob µohms 
(V CB= -6 Vdc, IE = 1 mAdc, f = 1 kc) 2N460 --- 0.8 1. 5 

2N461 o. 5 1. 5 
Frequency Cutoff ~ me 

(V CE = -5 Vdc, IE = 1 mAdc) 2N460 --- 1. 2 ---
2N461 --- 4 ---

Output Capacitance cob pf 
(V ca= -10 Vdc, IE = 1 mAdc, f = 1 me) --- 20 ---

Noise Figure NF db 
(VCE = -4. 5 Vdc, IE =0. 5 mAdc, Rg= 1 K, f =lire) 2N460 --- 5 ---

2N461 --- 4 ---
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Motorola Low-Frequency, Low-Power Germanium Transistors 

2N464 thru 2N467 BVceo = 45 V 
hie - to 112 (min) 
fab - to 1.2 MC (typ) 

CASE 31 
(T0-5) 

PNP germanium transistor for general purpose appli
cations in the audio-frequency range. These devices 
exceed EIA requirements for collector-current, maxi
mum temperatures and collector dissipation (See maxi
mum Ratings table below). 

ABSOLUTE MAXIMUM RATINGS 

Characteristic Symbol 2N464 2N465 2N466 2N467 Unit 

Collector-Base Voltage VCBO 45 45 35 35 Volts 

Collector-Emitter Voltage VCE 40 30 20 15 Volts 

Emitter-Base Voltage VEBO 12 Volts 

DC Collector Current IC mA 
EIA 100 
Motorola Units 500 ~ 

Max. Junction & Storage Temperature TJ and "C 

Tstg 
EIA 85 
Motorola Units -- 100 

Collector Dissipation in Free Air PD mW 

EIA 150 
Derate 2. 5 mW /° C above 25 ° C 

Motorola Unit 200 
Derate 2. 67 mW /°C above 25°C 

Thermal Resistance, Junction to Air OJA 

EIA o. 40 °C/mW 
Motorola Units 0. 375 °C/mW 

ELECTRICAL CHARACTERISTICS (at 25°C ambient temperature unless otherwise noted) 

Characteristic Symbol Min Typical Max Unit 

Collector-Emitter Breakdown Voltage BVCER Vdc 
(IC = 0. 6 mAdc, RBE= 10 K ohms) 2N464 40 - -

2N465 30 - -
2N466 20 - -
2N467 15 - -

Collector-Base Cutoff Current ICBO µAde 
(V CB= 20 Vdc) - 6 15 

Small Signal Current Gain Cutoff Frequency fab me 
(V CB= 6 Vdc, IE= 1 mAdc) 2N464 - 0. 7 -

2N465 - 0. 8 -
2N466 - 1. 0 -
2N467 - 1. 2 -

Small Signal Current Gain hfe -
(V CE= 6 Vdc, IE= 1. 0 mAdc, f = 1 kc) 2N464 14 26 -

2N465 27 45 -
2N466 56 90 -
2N467 112 180 -
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-- Motorola Low-Frequency, Low-Power Germanium Transistors 

2N464 thru 2N467 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Charaeterlstic SJmbol Min Typical Mu Unit 

Small Signal Input Impedance hie Ohms 
(V CE= 6 Vdc, IE= 1.0 mAdc, f = 1 kc) 2N464 - 900 -

2N465 - 1400 -
2N466 - 3000 -
2N467 - 5500 -

Small Signal Power Gain Ge db 
(V CE= 6 Vdc, IE= 1. 0 mAdc, f = 1 kc, matched) 2N464 - 40 -

2N465 - 42 -
2N466 - 44 -
2N467 - 45 -

Noise Figure NF db 
(V CE= 2. 5 Vdc, IE= 0. 5 mAdc, f = 1 kc, Rg = 10 Kohms, - - 22 

.1f = 1 cps) 
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Motorola Low-Frequency, Low-Power Germanium Transistors --

2N508 

FOR SPECIFICATIONS, SEE 2N322 DAT A SHEET 

2N524 thru 2N527 BVceo = 45 V 
hFe ,_ to 72-121 (min-max) 
fab - to 7.0 MC (max) 

PNP germanium transistor for switching and ampli
fier applications in the audio-frequency range. Avail
able for military and high-reliability industrial purposes. 

CASE 31 
(T0-5) 

ABSOLUTE MAXIMUM RATINGS 

Characteristic Symllol 

Collector-Base Voltage VCBO 

Collector-Emitter Voltage VCEO 

Emitter-Base Voltage VEBO 

Collector Current Ic 

Storage and Operating Temperature Tstg' Tj 

Collector Dissipation in Free Air PD 
@25°C Ambient 

Thermal Resistance 8JA 
(Junction to Air) 

Thermal Resistance 8JC 
(infinite heat sink) 

7-17 

11at1111 Ullt 

45 Vdc 

30 Vdc 

15 Vdc 

500 mAdc 

-65 to +100 ·c 

225 mW 

0.333 °C/mW 

0.15 °C/mW 



-- .Motorola Low-Frequency, Low-Power Germanium Transistors 

2N524 THRU 2N527 (continued) 

ELECTRICAL CHARACTERISTICS (at 25°C case temperature unless otherwise noted) 

Cllarlcterlstlc Splllll Milin111 Mul11• Unit 

Collector Cutoff Current 

1 

1CBO - 10 µAde 
(VCB = 30 Vdc, 1E: = 0) 

Emitter Cutoff Current 1EBO - 10 µAde 
(VEB = 15 Vdc, le= 0) 

Collector-Emitter Breakdown Voltage All Types BVCER 30 - µVdc nc = O. 6 DIAdc, RaE = lOK) 

j 
Collector-Emitter Reach Througli VRT 30 - µVdc 

(Punch-Thru) Voltage 
(VEB = 1 v4c, VTVM z 2.1 Megohm) 

Static Forward-Current Transfer Ratio hFE 
(VCE = 1 Vdc, le= 20 mAdc) 2N524 25 42 -

2N525 34 65 -
2N526 53 90 -
2N527 72 121 -

Small-Signal Short-Circuit Forward fab 
Current Transfer Ratio Frequency Cutoff 

(VCB = 5 Vdc, 1E: = 1 mAdc) 2N524 o. 8 5. 0 Mc 
2N525 1.0 5. 5 Mc 
2N526 1.3 6.5 Mc 

I 
2N527 1. 5 7.0 Mc 

Output Capacitance cob 
(VCB = 5 Vdc, 1E: • 1 mAdc, f = 1 Mc) All Types 5 40 pf 

Small-Signal Open Circuit Output Admittance hob 
(VCB = 5 Vdc, 1E: = 1 mAdc, f = 1 Kc) 2N524 0.10 1. 3 µmho 

2N525 0.10 1. 2 µmho 
2N526 0.10 1.0 µmho 
2N527 0.10 o. 9 µmho 

Small-Signal Open Circuit Reve.rse Transfer hrb 
Voltage Ratio 

1. 0 x10-4 (VCB = 5 Vdc, 1E: = 1mAdc,f=1 Kc) 2N524 10 
2N525 1.0 11 Xl0-4 
2N526 1.0 12 Xl0-4 
2N527 1.0 14 x10-4 

Small-Signal Short Circuit Input Impedance hlb 
(VCB = 5 Vdc, 1E: • 1 mAdc, f = 1 Kc) 2N524 26 36 ohms 

2N525 26 35 ohms 
2N526 26 33 ohms 
2N527 26 31 ohms 

Collector-Emitter Saturation Voltage VCE (sat) nc. 20 mAdc) 

~ =2 mAdc) 2N524 55 130 mVdc 

~ = 1. 33 mAdc) 2N525 65 130 mVdc 

~ = 1.0mAdc) 2N526 70 130 mVdc 

<Is = O. 67 mAdc) 2N527 80 130 mVdc 

Base Input Voltage VBE 
320 (V CE = 1 V de, 1c: = 20 mAdc) 2N524 220 mVdc 

2N525 209 300 mVdc 
2N526 190 280 mVdc 
2N527 180 260 mVdc 
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-- Motorola Low-Frequency, Low-Power Germanium Transistors 

2N524 thru 2N527 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic Symbol Minimum Maximum Unit 

Noise Figure NF 1 15 db 
(y CB = 5 Vdc, IE = 1 mAdc, 

f = 1 Kc, BW = 1 Cycle) All Types 

Small-Signal Short-Circuit 
Forward-Current Transfer Ratio 

<YcE = 5 Vdc, IE= 1mAdc,f=1 Kc) 2N524 
2N525 
2N526 
2N527 

POWER-TEMPERATURE DERATING CURVE 
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-- Motorola Low-Frequency, Low-Power Germanium Transistors 

2N650 ,A thru 2N652 ,A BVceo = 45 V 
hFE - to 80 (min) 
fob - to 2.5 MC (typ) 

CASE 31 
(T0-5) 

PNP germanium transistor for switching and ampli
fier applications in the audio-frequency range. Available 
for military and high-reliability industrial purposes. 

ABSOLUTE MAXIMUM RATINGS 

Characteristl~ Symbol Rating Unit 

Collector-Base Voltage VCBO 45 Vdc 

Collector-Emitter Voltage VCER 30 Vdc 

Emitter-Base Voltage VEBO 30 Vdc 

Collector Current Ic 500* mAdc 
(Continuous) 

Junction Temperature Range TJ (max) -65 to +100 ·c 

Storage Temperature Range Tstg -65 to +100 ·c 

Collector Dissipation in Free Air PD 200 mW 
(Derate 2. 67 mW/°C above 25°C) 

Thermal Resistance llJA 
(Junction to Air) 

o. 375 °C/mW 

Thermal Resistance llJC 0.250 °C/mW 
(Junction to Case) 

*Limited by power dissipation. 

ELECTRICAL CHARACTERISTICS (at 25°C ambient temperature unless otherwise noted) 

Characteristic Symbol Minimum Typical Maximum Unit 

Collector-Base Cutoff Current ICBO µAde 
(VCB = 30V, IE= O) All Types - 3. 0 10 

(V CB = 45 V, IE = 0) - I- 50 

(V CB = 10 V, IE = O, TA = +n°c) - 55 100 

Emitter-Base Cutoff Current 1EBO 
µAde 

(VEB = 30V, IC= 0) - 3.0 10 

Collector-Emitter Leakage Current 1CER 
µAde 

(VCE = 30 V, RBE = 10 K) All Types - I- 600 

Collector-Emitter Punch-Thru Voltage vpt Vdc 
(VF= 1.0V) All Types 45 I- -

Output Capacitance cob pf 
(V CB = 6 V, IE = O) All Types - 10 25 

Noise Figure NF db 
(V CE = 4. 5 V, IE = 0. 5 mA, All Types - 5 15 

Rg = 1 K, f = 1 kc, .if = 1 cps) 

Small Signal Current Gain Cutoff Frequency fab me 
(V CB = 6 V, IE = 1 mA) 2N650 o. 75 1. 5 -

2N651 1. 0 2. 0 -
2N652 1. 25 2. 5 -
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-- Motorola Low-Frequency, Low-Power Germanium Transistors 

2N650 thru 2N652 (continued) 

Characteristic 
input Impedance 

(V CB = 6 V, IE = 1 mA, f = 1 kc) 2N650 
2N651 
2N652. 

Output Admittance 
(V CB = 6 V, IE = 1 mA, f = 1 kc) 2N650 

2N651 
2N652 

Small Signal Current Gain 
(V CE = 6 V, IE = 1 mA, f = 1 kc) 2N650 

2N651 
2N652 

DC Current Transfer Ratio 
(V CE = 1. 0 v, le = 10 mA) 2N650 

2N651 
2N652 

Base-Emitter Drive Voltage 
(V CE = 1. 0 V, IC = 10 mA) 2N650 

2N651 
2N652 

Collector-Emitter Saturation Voltage 
(IC = 50 mA, IB = 2. 5 mA) 2N650. 

(IC = 50 mA, IB = 1. 67. mA) 2N651 

(IC = 50 mA, IB = 1. 25 mA) 2N652 

Collector-Emitter Saturation Voltage 
(IC = 100 mA, IB = 5. 0 mA) 2N650. 

(IC = 100 mA, IB = 3. 33 mA) 2N651 

(IC = 100 mA, IB = 2. 5 mA) 2N652 
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srmbol Minimum Tr11lcal Mulmum Unit 

hib Ohms 
27 31 37 
27 34 37 
27 35 37 

hob µmho 
o. 2 o. 65 1. 0 
o. 2 o. 60 o. 9 
o. 2 o. 55 o. 8 

hfe -
30 49 70 
50 80 120 

100 130 225 

hFE -
33 44 -
45 75 -
80 115 -

VEB Vdc 
- 0.245 0.270 
- 0.235 o. 260 
- 0.225 0.250 

VCE (sat) Vdc 
- 0.175 o. 250 

- 0.175 o. 250 

- 0.175 0.250 

VCE (sat) Vdc 
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- 0.250 o. 500 

- 0.250 0. 500 
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-- Motorola Low-Frequency, Low-Power Germanium Transistors 

BVcao = 30V 
h,. - to 100-250 (min-max) 
fab - to 2.5 MC (typ) 

2N653 thru 2N655 

CASE31 \ (T0-5) PNP germanium transistor, for high-gain amplifier 
and switching service in the audio frequency range. 

ABSOLUTE MAXIMUM RATINGS 

CDractlrlsllc s,n.1111 Rating Ulllt 

Collector to Base Voltage VCBO 30 Volts 

Collector to Emitter Voltage VCER 25 Volts 

Emitter to Base Voltage VEBO 25 Volts 

Collector D. C. Current Ic 250* mA 

Junction Temperature Limits TJ -65 to +lOJ •c 

Storage Temperature Limits Tstg -65 to +100 •c 

Collector Dissipation In Free Air PD 200 -w 
Derate 2.67 mw/•c above 25°C 

Thermal Resistance, Junction to Air 9JA 0.375 •c/mw 

*Limited 

ELECTRICAL CHARACTERISTICS (at T.A = 25• ± 3°C) 

2N853 2N854 2N655 
CDractlrlstlc Symllll 

'" 
Unit 

MIA 1111 Ill 1111 ,,, Miii 1111 ,,, 
· Small Signal Current Gain hfe 30 49 70 50 80 125 100 130 250 -

V CE = 6 V, 1E = 1. 0 mA, f = 1 kC. 

Small Signal Input Impedance hie 750 - ·2900 1500 - 4700 3000 - 8500 ohms 
VcE=6V, 1E=l.OmA, f=.lkC 

Small Signal Current Gain Cutoff 
Frequency fab 1. 5 2.0 2. 5 me 

Vca=6V, 1E=l.OmA 

Output Capacity cob 10 10 10 ' pf 
V CB = 6 V, 1E • 0 mA, f • 1 me 

Noise Figure NF 10 10 10 db 
V CE = 4. 5 V, IE = 0. 5 mA, 

Rg = 1, f = lkC 
4f=lcps 

Collector Reverse Current 1CBO 5 15 5 15 5 15 µa 
vcB=25V, JE=O 

Emitter Reverse Current 1EBo 5 15 5 15 5 15 µa 
VEB=25V, 1c=0 

Collector-Emitter Reverse Current 1CER 600 600 600 µa 
Vcg=25V, ~g=lOk 

Ba,se-Emltter Input Voltage VBE 0.3 0. 3 0.3 Vdc 
V CE • 6 V, le • 1. 0 mA 
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-- Motorola Low-Frequency, Low-Power Germanium Transistors 

2N653 thru 2N655 (continued) 

SMALL SIGNAL CURRENT GAIN(hfe) 
vs TEMPERATURE 

~ 400 
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-- Motorola Low-Frequency, Low-Powet Germanium Transistors --

2Nl008,A,B BVceo = 60 V 
h1. = 40-150 (min-max) 

CASE 31"" 
(T0-5) '\0 PNP germanium transistor for audio driver and med

ium speed switching applications. 

ABSOLUTE MAXIMUM RATINGS 

Characteristics Symbol 2N1008 2NIOD8A 2N1008B Unit 

Collector-Base Voltage VcBO 20 40 60 Volts 

Collector-Emitter Voltage VcEO 20 40 60 Volts 

Emitter-Base Voltage VEBO 15 Volts 

Collector Current 1c 300 mAdc 

Base Current IB 30 mAdc 

Collector Dissipation Po 
TA= 25°c 200 mW 
derate 2.78 mw/°C 
Tc= 25°c 300 mW 
derate 4.0 mw/0c 

Junction and Storage Temperature Range TJ -65 to +100 oc 

ELECTRICAL CHARACTERISTICS (at 25'C unless otherwise noted) 

Characteristics Symbol Min Typ Max UNIT 

Collector Leakage Current lcBO µAde 
(VcB = 10 Vdc) 2N1008 --- 5 10 
(VcB = 10 Vdc, TA = ss0c) 2Nl008 --- --- 500 
(VCB = 25 Vdc) 2N1008A --- 5 10 
(VcB = 25 Vdc, TA= 85°C)2Nl008A --- --- 500 
(VcB = 45 Vdc) 2Nl008B --- 7 15 
(VcB = 45 Vdc, TA = 85°C) 2N1008B --- --- 750 

Emitter Leakage Current IEBO !'Ade 
(VEB = 10 Vdc) 2Nl008 --- 5 10 

2N1008A --- --- 10 
2N1008B --- --- 10 

Collector-Emitter Breakdown Voltage BVcER Vdc 
(le = 1.0 mAdc, RBE = 10 K) 

2N1008 15 --- ---
2N1008A 35 --- ---
2N1008B 55 --- ---

Collector-Emitter Saturation Voltage VcE (sat) Vdc 
(le = 100 mAdc, IB = 10 mAdc) --- --- 0.25 

Small Signal Current Gain hre ---
(le = -10 mAdc, VcE = 5.0 Vdc, 
f = 1 kc) 40 --- 150 

Input Resistance 11;.e 200 --- 1000 ohms 
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-- Motorola Low-Frequency, Low-Power Germanium Transistors 

2Nl 175 

FOR SPECIFICATIONS, SEE 2Nl413-2Nl415 DATA SHEET 

2Nl 185 thru 2Nl 188 BVceo = 60V 
hFE - to 130-170(min-max) 
fab - to 3.0 MC 

PNP germanium transistors for high-gain audio ampli
fier and switching applications. 

CASE 31 
(T0-5) 

ABSOLUTE MAXIMUM RATINGS 

Cllanicterlstlc 

Collector-Base Voltage 
2Nll85 
2Nll86-2Nll88 

Collector-Emitter Voltage 
2Nll85 
2N1186-2Nll88 

Emitter-Base Voltage 

Collector Current 
(Continuous) 

Storage and Operating Temperature 

Collector Dissipation In Free Air 
(De rate 2. 67 mW /° C above 25° C) 

Thermal Resistance 
(Junction to Air) 

Thermal Resistance 
(Junction to Case) 

*Limited by power dissipation 

Symbol 

VCBO 

VCER 

VEBO 

Ic 

Tstg' TJ 

PD 

llJA 

II Jc 

7-25 

11at1111 Unit 

Vdc 
45 
60 

Vdc 
30 
45 

30 Vdc 

500* mAdc 

-65 to +100 'C 

200 mW 

o. 375 •c/mw 

0.250 'C/mW 
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-- Motorola Low-Frequency, Low-Power Germanium Transistors 

2N 1185 thru 2N 1188 (continued) 

ELECTRICAL CHARACTERISTICS (at 25°C ambient temperature unless otherwise noted) 

Characteristic Symbol Minimum Typical Maximum Unit 

Collector-Base Cutoff Current 1CBO 
µAde 

(V CB= 30 V, IE = O) 2Nll85 - 3.0 10 
(Vea= 45 v, IE= O) 2N1186 thru 2N1188 - 5.0 10 
(V CB = 60 V, IE = 0) 2N1186 thru 2Nl188 - - 50 
(Vca=lOV, lE=O,TA=+71°C) All Types - 55 100 

Emitter-Base Cutoff Current 1EBO 
µAde 

(V EB= 30 V, IC= O) All Types - 3. 0 10 

Collector-Emitter Leal!age Current 1CER µAde 
(VcE = 30 V, RBE = 10 K) 2N1185 - - 600 
<vcE = 45 v, RaE = 10 K) 2Nll86 thru 2Nll88 - - 600 

Collector-Emitter Punch-Thro Voltage vpt Vde 
(VF= 1. 0 V) 2Nl185 45 - -

2Nll86 thru 2Nll88 60 - -
Output Capacitance cob pf 

(V CB= 6 V, IE = 0) All Types - 10 25 

Noise Figure NF db 

I 
CVcE=4.5V, IE=0.5mA, All Types - 5 15 
Rg = 1 K, f = 1 kc, <If = 1 cps 

Small Signal Current Gain Cutoff fab me 
Frequency 
(V CB= 6 V, IE = 1 mA) 2Nl185 1. 75 3.0 -

2N1186 0.75 1. 5 -
2N1187 1. 0 2.0 -
2N1188 1. 25 2. 5 -

Input Impedance bib Ohms 
(V CB= 6 V, IE~ 1 mA, f = 1 kc) 2N1185 27 35 37 

2N1186 27 31 37 
2N1187 27 34 37 
2N1188 27 35 37 

Output Admittance hob ·µmho 
(V CB= 6 V, IE = 1 mA, f = 1 kc) 2Nll85 0.2 0.50 0.7 

2Nll86 0.2 0.65 1.0 
2N1187 0.2 0.60 0.9 
2N1188 0.2 o. 55 0.8 

Small Slgnal Current Gain hfe -
(VCE = 6 V, IE= 1 mA, f• lkc) 2Nl185 190 260 400 

2N1186 30 49 70 
2N1187 50 80 120 
2N1188 100 130 225 

DC Current Transfer Ratio hFE -
(VCE = 1.0V, IC= 10 mA) 2Nll85 130 170 -

2Nll86 33 44 -
2Nll87 45 75 -
2N1188 80 115 -
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-- Motorola Low-Frequency, Low-Power Germanium Transistors --

2N 1185 thru 2N 1188 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Chll'lcterlstlc 

Base-Emitter Input Voltage 
(VCE = 1.0 V, IC= 10 m:A) 2Nll85 

2Nll86 
2Nll87 
2Nll88 

Collector-Emitter Saturation Voltage 
(le = 50 mA, IB = 1. 0 mA) 2Nll85 
(le = 50 mA, IB = 2. 5 mA) 2Nll86 
(le = 50 mA, IB = 1. 67 mA) 2Nll87 
(le = 50 mA, IB = 1. 25 mA) 2Nll88 

Collector-Emitter Saturation Voltage 
(le = 100 mA, IB = 2. 0 mA) 2Nll85 
(le = 100 mA, IB = 5. 0 mA) 2Nll86 
(IC = 100 mA, IB = 3. 33 mA) 2Nll87 
(IC = 100 mA, IB = 2. 5 mA) 2Nll88 

SMALL SIGNAL CURRENT GAIN(hr.) versus TEMPERATURE 

600 
(Typical All Types) 

400 

~ 200 
!c 

..! 100 

..l ..l 
Va= 1 VOLT 

_L] 11 =50 MA ~ 1--1 
l5 

80 
60 

I 40 
T T 

t: Va= 6 VOLTS 
h=lMA 

20 

I I 0 

220 

-§ 200 
~ 180 
:j 160 

~ 140 

~ 120 

~ 100 

~ 80 
.. 60 

Symbol Minimum Typical ~1lmu11 Unit 

VBE Vdc 
- 0.215 0.240 
- 0.245 0.270 
- 0.235 0.260 
- 0.225 0.250 

VCE (sat) Vdc 
- 0.175 0.250 
- 0.175 0.250 
- 0.175 0.250 
- 0.175 0.250 

V CE(sat) Vdc - 0.250 0.500 
- 0.250 0.500 
- 0.250 0.500 
- 0.250 0.500 

POWER-TEMPERATURE D~RATING CURVE 
(For All Types) 

:r T T T 
..... is: IJC = 0.25°C/mW(maxJ 

~ ' IS rs: 
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-- Motorola Low-Frequency, Low-Power Germanium Transistors 

2Nl 189 2Nl 19Q BVceo = 45 V 
hFe - to 100·1 70 {min-max) 
fab - to 4.5 MC (typ) 

CASE 31 
(T0-5) \ PNPgermanium transistors for high-gain audio am

plifier and switching applications. 

ABSOLUTE MAXIMUM RATINGS 

Characteristic srmbol Rating Unit 

Collector-Base Voltage VCBO 45 Vdc 

Collector-Emitter Voltage VCER 30 Vdc 

Emitter-Base Voltage VEBO 15 Vdc 

Collector Current re 500* mAdc 
(Continuous) 

Junction, Storage Temperature TJ, Tstg -65 to +100 'C 

Collector Dissipation in Free Air PD 200 mW 
(Derate 2. 67 mW/' C above 25° C) 

Thermal Resistance eJA 0.375 'C/mW 
(Junction to Air) 

Thermal Resistance ~c 0.250 'C/mW 
(Junction to Case) 

*Limited by power dissipation. 

ELECTRICAL CHARACTERISTICS (at 25'C ambient temperature unless otherwise noted) 

Characteristic Types Symbol Min Typ Mir Unit 
Collector-Base Cutoff Current 1cBo µAde 

{VcB = 30 Vdc, IE = 0) - 3.0 10 
(VcB = 45 Vdc,IE = 0) - - 50 
(VcB = 10 Vdc,IE = 0, TA=+ noC) - 55 100 

Emitter-Base Cutoff Current IEBO µAde 
(VEE = 15 Vdc, le = 0) - 3.0 10 

Collector-Emitter Leakage Current 1cER µAde 
(VcE = 30 Vdc, REE= lOK) - - 600 

Collector-Emitter Punch-Thru Voltage Vpt Vdc 
(VEE = 1 Vdc, VTVM Impedance ~ 1 M ohm 45 - -

Output Capacitance Cob pf 
{VcB = 6 Vdc, IE = 0, f = 1 me) - 12.0 25 

Noise Figure NF db 
(VcE = 4.5 Vdc• IE= 0.5 mAdc - 5 15 
Rg = 1 K, f = 1 kc, <If = 1 cps) 

Small-Signal Current-Gain Cutoff Frequency fhfb me 
(VcB = 6 Vdc, IE= 1 mAdc) 

2Nl189 1.75 3.5 -
2Nl190 2.25 4.5 -
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-- Motorola Low-Frequency, Low-Power Germanium Transistors 

2N1189, 2N1190 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic 

Input Impedance 
(VcB = 6 Vdc, IE= 1 mAdc, f = 1 kc) 

Output Admittance 
(VcB = 6 Vdc, IE= 1 mAdc, f = 1 kc) 

Small Signal Current Gain 
(VcE = 6 Vdc, IE = 1 mAdc, f = 1 kc) 

DC Current Transfer Ratio 
(VcE = 1.0 Vdc, IE = 10 mAdc) 

Base-Emitter Drive Voltage 
(VcE = 1.0 Vdc, IE = 10 mAdc) 

Collector-Emitter Saturation Voltage 

(le = 50 mAdc, IB = 1.5 mA) 
Oc = 50 mAdc, IB = 1.0 mA) 
(Ic = 100 mAdc, IB = 3.0 mA) 
(Ic = 100 mAdc, IB = 2.0 mA) 

SMALL SIGNAL CURRENT GAIN(h,,) versus TEMPERATURE 
600 i:::=i:=+:::=i:=(=Ty:j:p=ica=l,:j:A=ll =Ty:i:pe=''=i:=+:::=:i::::::::i 
400 t--+-+---:rt---i:rt---+--+-+--+-t---i 
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~ 100 ~~~~~§~l,~=~5~0 ~MA§~""""i~~tj...--"'~§~~ ,; 80 
~ 60 

~ 40 ~ ::I: ~V=-= 6~LTSl---t--t---t--+---l 
~ 1---t---;- It: = 1 MA 

2::========r===r=================~ -80 -60 -40 -20 0 20 40 60 80 100 120 
T,, JUNCTION TEMPERATURE ('Cl 
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::l 
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I 
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~ 50 

.I! 0 
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Vu. 8ASE·EMITTERVOLTAGE (VOLTS) 
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Type SJ111bol Min Typ Mu Unit 

hib Ohms 
27 31 37 

hob 11mho 
0.1 - 0.9 

hfe -
2N1189 75 120 175 
2N1190 125 190 300 

hFE -

2N1189 60 115 -
2N1190 100 170 -

VBE Vdc 

2Nl189 - 0.24 0.26 
2Nl190 - 0.22 0.25 

VCE Vdc 

2Nl189 
(sat) - 0. 14 0.22 

2Nl190 - 0. 15 0.22 
2N1189 - 0.17 0.3 
2N1190 - 0. 19 0;3 

POWER-TEMPERATURE DERATING CURVE 
(For All Types) 
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~ 
i5 140 

~ 120 

gj 100 
Q 80 
~ 60 

~ 40 

~ 20 

I I I I 
I'- 91c ::;;: 0.25°C/mW(max) 

:::Sl 
""' IS ~ 
~ " rs 

9JA = 0.375°C/mW(ma~)_/ ~ 
~ ~ 

~ 
~ 

10 20 30 40 50 60 70 80 90 100 

TEMPERATURE ('CJ 

DC CURRENT TRANSFER RATIO versus COLLECTOR CURRENT 
140 

0 

i 120 
Va= 1 V 

I 100 

80 

§ 60 

i.'l 40 
:!l 
J 20 

0 
0 20 40 60 80 100 120 140 160 180 200 

le. COLLECTOR CURRENT (MILLIAMPERES) 



I 

-- Motorola Low-Frequency, Low-Power Germanium Transistors 

2N1191thru2Nl 194 BVcao = 40 V 
hFe - to 125- 600 (min-max) 
fab - to 3.0 MC (typ) 

CASE 31 
(T0-5) 

PNPgermanium transistors for high-gain audio am
plifier and switching applications. 

ABSOLUTE MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Collector-Base Voltage BVCBO 40 Vdc 

Collector-Emitter Voltage BVCER 25 Vdc 

Emitter-Base Voltage BVEBO 25 Vdc 

Collector Current IC 200 mAdc 
(Continuous) 

storage and Operating Temperature Tstg' T J -65 to +100 oc 

Collector Dissipation in Free Air PD 200 mW 
(Derate 2. 67 mW/°C above 25°C) 

Thermal Resistance 8JA 0. 375 °C/mW 
(Junction to Air) 

Thermal Resistance 8JC 0. 250 °C/mW 
(Junction to Case) 

ELECTRICAL CHARACTERISTICS (at 25°C ambient temperature unless otherwise noted) 

Characteristic Symbol Min Typical Max Unit 

Collector-Base Cutoff Current ICBO 
(V CB= 25 V, IE= 0) All Types - - 15 µAde 

(VcB=l.OV, IE=O) - 2.0 - µAde 

Emitter-Base Cutoff Current 1EBO 
(VEB = 25 V, IC= 0) All Types - - 15 µAde 

Collector-Emitter Leakage Current 1CER 
(VCE = 25 V, RBE = 10 K) All Types - - 600 µAde 

()ltput Capacitance cob 
(V CE= 6 V, IE = 1. 0 mA) All Types - 20 - pf 

Noise Figure NF 
(V CE = 4. 5 V, IE= 0. 5 m A, All Types - 10 - db 

f = 1 kc, Rs = 100 ohms) . 
Small Signal Current Gain Cutoff Frequency fab 

(VCB = 6 V, 1E: = 1.0 mA) 2N1191 - 1. 5 - me 
2N1192 - 2.0 - me 
2N1193 - 2. 5 - me 
2Nlill - 3.0 - me 
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-- Motorola Low-Frequency, Low-Power Germanium Transistors 

2Nl 191thru2N1194 (continued) 
ELECTRICAL CHARACTERISTICS (continued) 

Characteristic 

Small Signal Current Gain 
(VCE = 6 V, IE= 1.0 mA, 

f = 1 kc) 

DC Current Gain 
(VCE = 1 v, le= 10 mA) 

~all Signal Power Gain 
(VCE = 6 V, IE= 1.0 mA, 

f = 1 kc, matched) 

Base-Emitter Input Voltage 
(VCE = 6 v, le= 1.0 mA) 

OUTPUT CURRENT wersus BASE DRIVE VOLTAGE 

0.2 0.4 0.6 
Y••• BASE-EMITTER VOLTAGE (VOLTS) 

SMALL SIGNAL CURRENT BAIN ~ft) 
nrsus TEMPERATURE 

(For All Types) 
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o----~.._ ...... ~...____..._ ..... ~...._ ...... ~...___, 

Spnb1I Mii 1,.1a1 Mu U11t 

hfe 
2N1191 30 40 70 -
2N1192 50 75 125 -
2N1193 100 160 250 -
2N1194 190 280 500 -

hFE 
2N1191 20 - 80 -
2N1192 40 - 135 -
2N1193 70 - 300 -
2N1194 125 - 600 -

Ge 
2N1191 - 42 - db 
2N1192 - 44 - db 
2N1193 - 46 - db 
2N1194 - 48 - db 

VBE 
All Types - - 0.3 Vdc 

160 ~ 
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-- Motorola Low-Frequency, Low-Power Germanium Transistors --

2N1408 BVceo = 50V 
hFE= 10 (min) 

CASE 31 
(T0-5) 

PNP germanium transistor for high voltage neon dri
ver, solenoid and relay driver circuitb. 

ABSOLUTE MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Collector-Base Voltage VCBO 50 Volts 

Collector-Emitter Voltage VCES 50 Volts 

Emitter-Base Voltage VEBO 10 Volts 

Collector Current IC 200 mA 

Collector Dissipation at TA= 25°C ,pD 150 mW 

derating factor 2. 0 mWf°C 

Junction Temperature Range TJ -65 to +100 oc 

ELECTRICAL CHARACTERISTICS (at 25°C case temperature unless otherwise noted) 

Characteristic Symbol Minimum Maximum Unit 

Collector-Base Cutoff Current 1CBO µAde 
(VCB = 5 Vdc, ~ = O) --- 7 

Emitter-Base Cutoff Current 1EBO µAde 
(VEB = 5 Vdc, le= O) --- 7 

Collector-Emitter Leakage Current 1CES µAde 
(V CB = 50 Vdc, RBE = 0) --- 150 

Collector-Base Breakdown Voltage BVCBO Vdc 
(le = 25 µAde, ~ = O) 50 ---

Emitter-Base Breakdown Voltage BVEBO Vdc 
(~ = 25 µAde, IC = 0) 10 ---

Collector-Emitter Punch-Thru Voltage vpt Vdc 
(~ = 25 µAde) 50 ---

Base-Emitter Input Voltage VBE Vdc 
(IB = 1. 0 mAdc, V CE = 1. 0 Vdc) --- o. 6 

DC Current Gain hFE ---
(VCE m.1 Vdc, IB = 1 mAdc) 10 ---

Small Signal Current Gain hfe ---
(V CE = 5. 0 Vdc, ~ = 1. 0 mA, f = 1 kc) 10 ---

Output Admittance hob µmhos 
(V CB = 5. 0 Vdc, ~ = 1. 0 mA, f = 1 kc) --- 2. 0 
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-- Motorola Low-Frequency, Low-Power Germanium Transistors --

2N 1413 thru 2N 1415 
2Nl 175 

BVcao = 35 V 
hFe - to 62 (min) 
fab - to 1 .5 MC 

CASE 31 
(T0-5) 

PNP germanium transistor for general purpose low
frequency amplifier and switching applications. Char
acteristics curves similar to 2N524-2N527 series. 

ABSOLUTE MAXIMUM RATINGS 

Charatteristic Symbol Maximum Unit 

Collector-Base Voltage VCBO 35 Vdc 

Collector-Emitter Voltage VCEO 25 Vdc 

Emitter-Base Voltage VEBO 10 Vdc 

Collector Current IC 500 mAdc 

Junction and storage Temperature Tj & Tstg -65 to +100 oc 

Power Dissipation at 25°C Free Air PD 225 mW 
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-- Motorola Low-Frequency, Low-Power Germanium Transistors 

2N1413 thru 2N1415 (continued) 

ELECTRICAL CHARACTERISTICS (at 25'C case temperature unless otherwise noted) 

Characteristic Symbol Minimum Maximum Unit 

Collector Cutoff Current 1CBO - 12 µAde 

VCB = 30 Vdc, IE= 0 

Emitter Cutoff Current 1EBO - 10 µAde 
VEB = 10 Vdc, IC= 0 

Collector-Emitter Voltage BVCER 25 - Vdc 
IC= 0.6 mAdc, RBE = 10 K 

Punch-Thru Voltage vpt 25 - Vdc 

DC Current Gain hFE 
IC= 20 mAdc, VCE = 1 Vdc 

2Nl413 25 42 -
2Nl414 34 65 -
2Nl415 53 90 -
2Nll 75 70 140 -

DC Current Gain hFE 
~ = 100 mAdc, VCE = 1 Vdc 

2Nl413 23 - -
2Nl414 30 - -
2Nl415 47 - -
2Nl175 62 - -

Base Input Voltage VBE 
VCE = 1 Vdc, le = 20 mAdc 

2Nl175 - 260 mVdc 

Output Capacitance; Input AC Open Circuit cob - 40 µµf 

VCB = 5 Vdc, IE= 1 mAdc, f = 1 Mc 

I Frequency Cutoff fab 
VCE = 5 Vdc, IE = 1 mAdc 

2Nl413 0.8 - Mc 
2Nl414 1. 0 - Mc 
2Nl415 1. 3 - Mc 
2Nl175 1. 5 - Mc 

Small-Signal Short-Circuit Forward-Transfer Current Ratio hfe 
VCE = 5 Vdc, ~ = 1 mAdc, f = 1 Kc 

2Nl413 20 41 -
2Nl414 30 64 -
2Nl415 44 88 -
2NU 75 60 120 -

Small-Signal Open Circuit Output Admittance hob 
vcB'= 5 Vdc, IE = 1 mAdc, f = 1 Kc 

2Nl413 0.10 1. 3 µmoh 
2N1414 0.10 1.2 µmho 
2Nl415 0.10 1.0 µmho 
2Nl175 0.10 0.9 µmho 

Small-Signal Open-Circuit Reverse-Transfer Voltate Ratio hrb 
VCB = 5 Vdc, ~ = l mAdc, f = 1 Kc 

x10-4 2Nl413 1. 0 10 
2Nl414 1.0 11 Xl0-4 

2Nl415 1. 0 12 Xl0-4 

2Nl175 1.0 14 Xl0-4 

Small-Signal Short-Circuit Input Impedance hib 
VCB = 5 Vdc, ~ = 1 mAdc, f = 1 Kc 

2Nl413 26 36 ohms 
2Nl414 26 35 ohms 
2Nl415 26 33 ohms 
2Nl175 26 31 ohms 
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Motorola Low-Frequency, Low-Power Germanium Transistors --

2N 1705 thru 2N 1707 BVc8o - to 30 V 
hFE - to 60-120 (min-max) 
fob - to 4 MC (typ) 

PNP germanium transistors for audio driver appli
cations in transistorized radio receivers. 

CASE 31 
(T0-5) 

ABSOLUTE MAXIMUM RATINGS 

Characteristic 

Collector- Base Voltage 

Collector-Emitter Voltage (RBE = 1 K) 

Emitter-Base Voltage 

Collector Current 

Collector Dissipation at TC = 25 °C 

Junction Temperature Range 

Symbol 1N1705 

VCBO 18 

VCER 12 

VEBO 5 

re 

PD 

TJ 

7-35 

1N1706 1N1707 Unit 

25 30 Volts 

18 25 Volts 

5 10 Volts 

400 mA 

200 mW 

-65 to +100 "C 



-- Motorola Low-Frequency, Low-Power Germanium Transistors 

2N 1705 thru 2N 1707 (continued) 

ELECTRICAL CHARACTERISTICS (at 25°C case temperature unless otherwise noted) 

Characteristic Symbol Min Typical Max Unit 

Collector-Base Cutoff Current 1coo µAde 
(V CB= -10 Vdc) 2Nl705 --- 5 10 

2Nl706 --- --- 10 
(V CV = -25 Vdc) 2N1707 --- --- 15 

Emitter-Base Cutoff Current 1EBO µAde 
(V EB= -5 Vdc) 2Nl705 --- 4 20 

2N1706 --- --- 20 
(V EB= -10 Vdc) 2Nl707 --- --- 10 

Collector-Emitter Voltage BVCER Vdc 
(IC = 1 mAdc, RBE = 1 K) 2Nl705 12 --- ---

2Nl706 18 --- ---
2N1707 25 --- ---

Base-Emitter Voltage VBE v 
(IC = 10 mA, V CE = 5 V) 2N1706 0. 15 --- 0.35 

(IC = 20 mA, V CE = 1 V) 2Nl705 0. 2 --- 0.4 

DC Current Gain hFE ---
(le= 10 mAdc, v CE= -5 V) 2N1707 40 90 150 

I 
(IC= 20 mAdc, V CE= -1 V) 2Nl706 60 --- 120 

Small Signal Current Gain hfe ---
(IC = 1 mA, V CE = -6 V, f = 1 kc) 2N1705 70 110 150 

(IC= 10 mA, V CE= -5 V, f = 1 kc) 2Nl706 50 90 150 

2N1707 30 --- 150 

Output Admittance Conductance hob µmhos 
(IC= 1 mA, V CB= -6 V, f = 1 kc) 2Nl705 --- 0. 5 ---
(le = 10 mA, v CE = -5 v, f = 1 kc) 2N1706, 2N1707 --- 3. 0 ---

Input Impedance hib ohms 
(IC = 1 mA, V CE = -6 V, f = 1 kc) 2Nl705 --- 30 ---
(le= 10 mA, v CE= -5 v, f = 1 kc) 2Nl706, 2Nl707 --- 4 ---

Voltage Feedback Ratio 
Xl0-4 (IC= 1 mA, V CB= -6 V, f = 1 kc) 2Nl705 hrb --- 3 ---

(IC= 10 mA, V C = -5 V, f = 1 kc) 2Nl706 h --- 0. 69 --- Xl0-3 
re 

Xl0- 4 2Nl707 hrb --- 4. 5 ---

Frequency Cutoff fab me 
(re = 1 mA, v c = -6 v) 2N1706, 2N1707 --- 3 ---

2Nl705 --- 4 ---
Output Capacitance cob pf 

(IC = 1 mA, V CB= -6 V, f = 1 me) --- 20 ---

Noise Figure NF db 
(IC = 1 mA, V CB = -6 V, Rg = 1 K, f = 1 kc 2N1705 --- 6 ---
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Motorola Low-Frequency, Low-Power Germanium Transistors --

2N 1924 thru 2N 1926 BVceo = 60V 
hFE - to 72 (min) 
fab - to 1.5 MC 

PNP germanium transistors for general purpose, low
frequency applications. Characteristics curves similar 
to 2N524-2N527 series. 

CASE 31 
(T0-5) 

ABSOLUTE MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Junction and Storage Temperature 

Power Dissipation at 25°C Free Air 

SJmbol 

VCBO 

VCEO 

VEBO 

Ic 

Tj & Tstg 

PD 

Maximum Unit 

60 Vdc 

40 Vdc 

25 Vdc 

500 mAdc 

-65 to +100 'C 

225 mW 

ELECTRICAL CHARACTERISTICS (at 25'C case temperature unless otherwise noted) 

Characteristic SJmbol Minimum Maximum Unit 

Collector Cutoff Current 1CBO - 10 µAde 
V CB = -45 Vdc, IE = 0 

Emitter Cutoff Current 1EBO - 10 µAde 
VEB = -25 Vdc, le = 0 

Collector-Base Voltage VCBO 60 - Vdc 
IC = 200 µAde, IE = 0 

Collector-Emitter Voltage VCEX 50 - Vdc 
IC = 50 µAde, V BE = +I. 5 Vdc, RBE = 10 K 

Collector-Emitter Voltage VCER 40 - Vdc 
IC = 0. 6 mAdc, RBE = 10 K 

Punch-Thru Voltage vpt 50 - Vdc 
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Motorola Low-Frequency, Low-Power Germanium Transistors 

2N1924 thru 2N1926 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic Symbol Minimum Maximum Unit 

DC Current Gain hFE 
IC = 20 mAdc, VCE = -1 Vdc 

2Nl924 34 65 -
2N1925 53 90 -
2N1926 72 121 -

DC Current Gain hFE 
IC = 100 mAdc, VCE = -1 Vdc 

2Nl924 30 - -
2Nl925 47 - -
2N1926 65 - -

Collector-Emitter Saturation Voltage VCE(SAT) 
IB = 1. 33 mAdc, IC = 20 mAdc 2N1924 50 110 mVdc 

IB = 1, 0 mAdc, IC = 20 mAdc 2Nl925 55 110 mVdc 

IB = O. 67 mAdc, IC = 20 mAdc 2Nl926 60 110 mVdc 

Base Input Voltage VBE 
VCE = -1 Vdc, le = 20 mAdc 

2Nl924 200 300 mVdc 
2N1925 190 280 mVdc 

I 
2N1926 180 260 mVdc 

Output Capacitance; Input AC Open Circuit cob - 30 pf 
V CB = -5 Vdc, IE = 1 mAdc, f = 1 Mc 

Frequency Cutoff fab 
V CB = -5 Vdc, IE = 1 mAdc 

2Nl924 1. 0 - Mc 
2Nl925 1. 3 - Mc 
2N1926 1. 5 - Mc 

Small-Signal Short-Circuit Forward-Transfer Current Ratio hfe 
V CE = -5 Vdc, IE; = 1 mAdc, f = 1 Kc 

30 64 -2N1924 
2Nl925 44 88 -
2Nl926 60 120 -

Small-Signal Open Circuit Output Admittance hoe 
V CE = -5 Vdc, IE = 1 mAdc, f. = 1 Kc 

15 60 µmho 2N1924 
2N1925 20 65 µmho 
2Nl926 25 70 µmho 

Small-Signal Open-Circuit Reverse-Transfer Voltage Ratio h 
V CE = -5 Vdc, IE = 1 mAdc, f = 1 Kc 

re 

2N1924 2 8 Xl0-4 

2N1925 3 9 Xl0-4 

2Nl926 4 10 Xl0-4 

Small-Signal Short-Circuit Input Impedance hie 
VGE = -5 Vdc, IE = 1 mAdc, f = 1 Kc 

2N1924 700 2200 ohms 
2N1925 1200 3200 ohms 
2N1926 1500 4200 ohms 
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-- Motorola Low-Frequency, Low-Power Germanium Transistors --

2N2042, 2N2043 BVcao = 105 V 
hFE - to 40-100 (min-max) 
fab - to 0.75 MC 

CASE31 \ 
(T0-5) 

PNP germanium transistor suitable for high-voltage· 
audio switching and amplifier applications. Suitable for 
high-reliability projects as MEG-A-LIFE devices. 

ABSOLUTE MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Collector -Base Voltage VCBO 105 Vdc 

Collector-Emitter Voltage VCES 105 Vdc 

Emitter-Base Voltage VEBO 75 Vdc 

Collector Current IC 200 mAdc 
(Continuous) 

Operating Junction Temperature Range TJ -65 to +100 oc 

storage Temperature Range Tstg -65 to +100 oc 

Collector Dissipation in Free Air PD 2DO mW 
Derate above 25°C 2. 67 mW/°C 

Thermal Resistance ~JA 0. ~7[> 'c/mw 
(Junction to Air) 

Thermal Resistance 9JC 0. 250 °C/mW 
(Junction to Case) 

ELECTRICAL CHARACTERISTICS . (at 25°C case temperature unless otherwise noted) 

Characteristic Symbol Minimum Maximum Unit 

Collector-Base Cutoff Current 1CBO µAde 

(VCB = 105 V, IE = 0) - 25 

(V CB = 2. 5 V, IE = 0) - 10 

(VCB = 105V, IE= O, TA= +71°C) - 500 

Emitter-Base Cutoff Current 1EBO µAde 

(VEB = 75 V, IC = 0) - 50 

(V EB = 2. 5 V, IC = O) - 10 

Collector-Emitter Cutoff Current 1CER µAde 

(VCE = 55 V, RBE = 10 K) - 600 

Collector-Emitter Cutoff Current 1CES mAdc 

(VCE = 105 V, VBE = 0) - 1. 0 

DC Collector-Emitter Punch-Through Voltage vpt Vdc 

(Vfl = 1. O V, VTVM R10 10-12 megohm) 105 -

DC Current Gain hFE -
(IC= 5 mA, VCE = 0.35 V) 2N2042 20 50 

2N2043 40 100 

Common Base, Small-Signal Input Impedance hib Ohms 

(VCB = 6 v, IE = 1 mA, f = 1 kc) 30 50 
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-- Motorola Low-Frequency, Low-Power Germanium Transistors 

2N2042 , 2N20 4 3 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

z 

il 

I 
g 

Characteristic Symbol Minimum Maximum Unit 

Common Base, Small-Signal Output Admittance hob µmho 

(V CB = 6 V, IE = 1 mA, f = 1 kc) o. 1 1. 0 

Common Emitter, Small-Signal Current Transfer Ratio hie -

(V CE = 6 V, IC = 1 mA, f = 1 kc) 

Base-Emitter Saturation Voltage 

(IC = 5 mA, IB = 0. 25 mA) 

Collector-Emitter Saturation Voltage 

(IC = 5 mA, IB = 0. 25 mA) 

(IC = 100 mA, IB = 10 mA) 

Collector Output Capacitance 

(V CB = 6 V I = 0) 
' E 

Common-Base, Small-Signal Forward Current 
Transfer Ratio Cutoff Frequency 

(VCB = 6V, IE= 1 mA) 

POWER-TEMPERATURE DERATING CURVE 

TEMPERATURE (°C) 

DC CURRENT GAIN versus COLLECTOR CURRENT 
70 

60 

50 

40 

30 

2N2042 20 80 
2N2043 45 180 

VBE(sat) Vdc 

- o. 30 

V CE(sat) Vdc 

- o. 25 

- o. 75 

cob pf 

- 25 

1hfb me 

2N2042 o. 50 -
2N2043 o. 75 -

LARGE SIGNAL. CURRENT GAIN versus TEMPERATURE 
200 ~-.--.--.--.--.--.--,L--, 
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VcE = 0.35 Vdc .L..L 
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© 1oo~:::~;;;:;j;-.... +-:;::::"::..t-'""ff'==f=~ "!. so F-r----+-+~l""/'1=-+-+-Itt-:--t.:-:::-:-1 
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-- Motorola Low-Frequency, Low-Power Germanium Transistors --

2N2171 

FOR SPECIFICATIONS, SEE 2N381 DATA SHEET 

2N3427, 2N3428 BVceo = 45 V 
hFE = 350-800 (min-max) 
fob = to 8.0 MC 

PNP germanium transistors for audio amplifier and 
medium-speed switching applications. 

CASE 31 
{T0-5) 

All leads isolated 
from case 

ABSOLUTE MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current (Continuous) 

Base Current (Continuous) 

Storage and Operating Temperature 
Range 

Collector Dissipation in Free Air 
Derate Above 25 °C 

*Limited by power dissipation 

Symbol 

VCBO 

VCER 

VEBO 

Ic 

IB 

Tstg' 

PD 

7-41 

Ratin1 Unit 

45 Vdc 

30 Vdc 

30 Vdc 

500* mAdc. 

50* mAdc 

TJ -65 to +100 oc 

200 mW 
2. 67 mW/°C 
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-- Motorola Low-Frequency, Low-Power Germanium Transistors 

2N3427, 2N3428 (continued) 

ELECTRICAL CHARACTERISTICS (at 25°C case temperature unless otherwise noted) 

Characteristic Symbol Minimum Typical Maximum Unit 

Collector-Base Cutoff Current 1CBO µAde 
(V CB= 1. 5 Vdc, IE = 0) - 3.0 5 

(V CB = 10 Vdc, IE = 0, TA = +71 °C) - - 100 

(V CB= 30 Vdc, IE = 0) - - 10 

(V CB= 45 Vdc, IE= 0) - - 50 

Emitter-Base Cutoff Current 1EBO µAde 
(VEB = 30 Vdc, IC= 0) - 3. 0 10 

Collector-Emitter Leakage Current 1CER µAde 
(V CE = 30 Vde, RBE = lOK ohms) - - 600 

Collector-Emitter Puneh-Thru Voltage vpt Vdc 
(Vfl = 1. 0 Vdc, VTVM impedance ;,; 1 megohm) 30 - -

Output Capacitance cob pf 
(V CB= 6 Vdc, IE = O, f = 1 me) - 10 20 

Noise Figure NF db 
(V CE = 4. 5 Vdc, IE = 0. 5 mAdc, Rg = 1 K ohms, f = 1 kc, 

llf = 1 cps) - 5 10 

I 
Small-Signal Current-Gain Cutoff Frequency fhfb me 

(V CB= 6 Vdc, IE = 1 mAdc) 2N3427 4.0 6.0 -
2N3428 5. 0 8.0 -

Input lm)ledance hib Ohms 
(V CB= 6 Vdc, IE = 1 mAdc, f = 1 kc) 25 - 35 

-
Output Admittance hob µmho 

(V CB=· 6 Vdc, IE = 1 mAdc, f = 1 kc) 0.05 - 0. 50 

Small-Signal Current Gain hfe -
(V CE = 6 Vdc, IE = 1 mAdc, f = 1 kc) 2N3427 200 325 500 

2N3428 350 475 800 

Small-Signal Current Gain I hfel -
(V CE = 6 Vdc, IE = 1 mAdc, f = 2 me) 2N3427 2. 0 - 7 

2N3428 2. 5 - 8 

DC Current Gain hFE -
(le = 20 mAdc, V CE = 1 Vdc) 2N3427 150 275 -

2N3428 250 375 -
(IC = 100 mAdc, V CE = 1 Vdc) 2N3427 100 210 350 

2N3428 150 260 400 
(le= 200 mAdc, VCE = 1 Vdc) 2N3427 75 - -

2N3428 125 - -

Base-Emitter Input Voltage VBE Vdc 
(V CE = 1 Vdc, le = 100 mAdc) - - -

CollectorcEmitter Saturation Voltage VCE Vdc 
(IC = 100 mAdc, 18 = 2 mAdc) 2N3427 (sat) - 0.155 0.200 

2N3428 - 0.150 0.190 
Cle = 200 mAdc, 18 = 4 mAdc) 2N3427 - 0.220 0.300 

2N3428 - 0.200 0.280 
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-- Motorola Low-Frequency, Low-Power Germanium Transistors --

2N3427, 2N3428 (continued) 

POWER-TEMPERATURE DERATING CURVE 
220~~-~--~-~--~-~~-~ 
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-- Motorola Low-Frequency, Low-Power Germanium Transistors 

MA 112 thru MA 117 BVceo = 15 V 
h1e - to 100·250 (min-max) 

PNP Germanium transistors for economical circuit 
applications. Available with a wide variety of gain 
ranges. 

CASE 31 
(T0-5) 

ABSOLUTE MAXIMUM RATINGS 

Characteristic 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current 

Storage Temperature Limits 

Power Dissipation 
@TA= +25°C 

Symbol 

VCEO 

VCBO 

VEBO 

IC 

Tstg 

PD 

Rating Unit 

15 v 

15 v 

15 v 

200 mA 

-55 to +85 'C 

175 mW 

ELECTRICAL CHARACTERISTICS (at 25°C ambient temperature unless otherwise noted) 

Characteristic Minimum Maximum Unit 

Collector-Emitter Current, ICER 

(V CE= 15 V, 

RBE = 10 K.Q) All Types - 600 µA 

Collector-Base Current, ICBO 

(V CB= 15 V, 

IE= 0) All Types - 15 µA 

Small Signal Current Gain, hfe 

(VcE=6V, 

IC= 1 mA) MA112 30 70 
MA113 50 125 
MA114 100 250 
MA115 30 125 
MA116 50 250 
MA117 30 250 
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-- Motorola Low-Frequency, Low-Power Germanium Transistors 

MA286 thru MA288 BVceo = 10 V 
h1e - to 180 (min) 

PNP germanium transistors for very economical cir -
cuit applications. Available with wide variety of gain 
ranges. 

CASE 31 
(T0-5) 

ABSOLUTE MAXIMUM RATINGS 

Characteristic 

Collector -Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voitage 

Collector Current 

Storage Temperature Limits 

Power Dissipation 
@TA= +25'C 

Symbol 

VCEO 

VCBO 

VEBO 

IC 

Tstg 

PD 

Rating Unit 

10 v 

10 v 

10 v 

200 mA 

-55 to +85 'C 

175 mW 

ELECTRICAL CHARACTERISTICS (at 25°C ambient temperature unless otherwise noted) 

Characteristic Minimum Maximum Unit 

Collector-Emitter Current, ICER 

(VCE = 10 V 

RBE = 10 KQ) All Types - 600 µA 

Small Signal Current Gain, hfe 

(VCE=6V, 

IC= 1 mA) MA286 14 40 
MA287 30 250 
MA288 180 -

7-45 



I 

-- Motorola Low-Frequency, Low-Power Germanium Transistors 

MA881 thru MA88 9 BVceo = 60 V 
hFe - to 125(min) 
fob - to 1.75 MC (min) 

PNP germanium transistors for audio amplifier and 
medium-speed switching applications. Recommended 
as driver transistors for 50-60 Volt power transistors. 

CASE 31 
(T0-5) 

ABSOLUTE MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 
MA881 thru MA884 
MA885 thru MA889 

Collector-Emitter Voltage 
MABB l thru MAB B4 
MA885 thru MA889 

Emitter-Base Voltage 

Collector Current (Continuous)* 

Collector Dissipation at TA= 25°C 

Derate above 25 °C 

storage and Operating Temperature 
Range 

*Limited by power dissipation 

Symbol 

VCBO 

VCES 

VEBO 

Ic• 

PD 

Tstg' 

7-46 

Rating Unit 

Vdc 
60 
50 

Vdc 
60 
50 

15 Vdc 

500 mAdc 

200 mW 

2. 67 mW/°C 

TJ -50 to +100 'C 



-- Motorola Low-Frequency, Low-Power Germanium Transistors 

MA881 thru MA889 (continued) 

ELECTRICAL CHARACTERISTICS (at 25°C ambient temperature unless otherwise noted) 

Characteristic Symbol Min Max Unit 

Collector-Base Cutoff Current 1CBO µAde 
(V CB = 30 Vdc, IE = O) MA88l thru MA884 --- 10 

(V CB= 60 Vdc, IE= 0) MA881 thru MA884 --- 100 

(VCB = 25 Vdc, IE= 0) MA885 thru MA889 --- 15 

(VCB = 50 Vdc, IE= 0) MA885 thru MA889 --- 100 

Emitter-Base Cutoff Current 1EBO 
µAde 

(yEB = 15 Vdc, le= O) MA881 thru MA884 --- 10 
MA885 thru MA889 --- 15 

Collector-Emitter Leakage Current 1CES 
µAde 

(V CE= 60 Vdc, RBE = 0) MA881 thru MA884 --- 100 

(V CE= 50 Vde, RBE = 0) MA885 thru MA889 --- 100 

Output Capacitance cob pf 

(VcB=6Vdr, IE=O, f=lmc) All types --- 25 

Input Impedance hib ohms 

(V CB = 6 Vdc, ~ = l mAde, f = l kc) All types 26 40 

Output Admittance hob µmbos 

(V CB = 6 Vdc, IE = l mAde, f = 1 kc) All types 0.1 1. 0 

DC Current Gain hFE ----
(V CE = l Vdc, le = 10 mAdc) MA881 30 ---

MA882 40 ---
MA883 75 ---
MA884 125 ---

Small-Signal Current Gain hie ----
(V CE = 6 Vdc, IE = 1 mAdc, f = 1 kc) MA881, MA886 30 70 

MA882, MA887 50 120 
MA883, MA888 100 225 
MA884, MA889 190 400 
MA885 15 40 

Small-Signal Current Gain Cutoff Frequency 1ab me 

(V CB = 6 Vdc, IE = 1 mAdc) MA881, MA886 0. 75 ---
MA882, MA887 1.0 ---
MA883, MA888 1. 25 ---
MA884, MA889 1. 75 ---
MA885 o. 5 ---
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-- Motorola Low-Frequency, Low-Power Germanium Transistors --

MA909, MA910 BVceo =to 90 V 
hFE = 20 {min) 

PNP Germanium transistors for high-voltage neon 
driver, solenoid and relay driver circuits. 

CASE 31 
(T0-5) 

ABSOLUTE MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Collector Dissipation at TC = 25° C 

Junction and Storage Temperature 

Symbol 

VCB 

VCE 

VEB 

IC 

PC 

TJ(max) 

MA909 MA910 Unit 

75 90 Volts 

75 90 Volts 

35 45 Volts 

200 mA 

150 mW 

100 "C 

ELECTRICAL CHARACTERISTICS (at 25°C case temperature unless otherwise noted) 

Characteristic Symbol Min Max Unit 

Collector-Base Cutoff Current 1CBO Ade 
(VCB = 2. 5 Vdc, IE= 0) Both Types - 14 

(V CB= 75 Vdc, IE ="0) MA909 - 50 

(VCB = 90Vdc, IE= 0) MA910 - 50 

Emitter-Base Cutoff Current IEBO Ade 
(VEB = 35 Vdc, IC= 0) MA909 - 50 

(VEB = 45 Vdc, IC= 0) MA910 - 50 

Collector-Emitter Leakage Current ICES Ade 
(V CE = 75 Vdc, RBE = 0) MA909 - 100 

(V CE= 90 Vdc, RBE = 0) MA910 - 100 

Collector-Emitter Saturation Voltage V CE(sat) Vdc 
(IC = 5 mAdc, IB = O. 25 mAdc) - o. 35 

Base-Emitter Saturation Voltage VBE(sat) Vdc 
(IC= 5 mAdc, IB = 0. 25 mAdc) - o. 4o 

DC Current Gain hFE -
(IC = 5 mAdc, V CE= o. 35 Vdc) 20 -

Collector-Emitter Punch-Thru Voltage vpt Vdc 
(V fl = 1- 0 Vdc, Rin of VTVM - 10 to 12 Megohms) MA909 75 -

MA910 90 -
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-- Motorola Low-Frequency, Low-Power Germanium Transistors 

MA 1702 thru MA 1708 BVceo - to 45 V 
hFE - to 150-400 (min-max) 
fob - to 7.0 MC 

PNP germanium transistors for audio amplifier and 
medium speed switching applications requiring high ac 
gain at low collector current or high de gain at high 
collector current. 

CASE 31 
(T0-5) 

ABSOLUTE MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 
MAl702 
MAl 703 thru MAI 705 
MAl 706 thru MAl 708 

Collector-Emitter Voltage 
MA1702 
MAl 703 thru MAl 705 
MAl 706 thru MAl 708 

Emitter-Base Voltage 
MA1702 
MAl 703 thru MAl 705 
MAl 706 thru MAI 708 

Collector Current (Continuous) 

Base Current (Continuous) 

Maximum Junction Temperature 

Storage Temperature Range 

Collector Dissipation in Free Air 
Derate Above 25° C 

*Limited by power dissipation 

Symbol 

VCBO 

VCER 

VEBO 

IC 

IB 

TJ(max) 

Tstg 

PD 
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Rating Unit 

Vdc 
45 
25 
15 

Vdc 
30 
25 
15 

Vdc 
30 
25 
4. 5 

500* mAdc 

50* mAdc 

100 oc 

-65 to +100 oc 

200 mW 
2.67 mW/°C 



-·- Motorola Low-Frequency, Low-Power Germanium Transistors 

MA 1702 thru MAl 708 (continued) 

ELECTRICAL CHARACTERISTICS (at 25°C ambient temperature unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Collector-Base Cutoff Current 1CBO µAde 
(VcB = 1. 5 Vdc, IE = 0) MAl 702 thru MAl 705 - 3.0 5 
(VcB = 10 Vdc, IE= o, TA= +71°C) MA1702 - - 100 
(VcB = 15 Vdc, IE= OJ MAl 706 thru MAl 708 - - 15 
(VcB = 25 Vdc, IE = 0) MAl 703 thru MAl 705 - - 15 
(VcB = 30 Vdc, IE = O) MA1702 - - 10 
(VcB = 45 Vdc, IE = 0) MAl 702 - - 50 

Emitter-Base Cutoff Current 1EBO 
µAde 

(VEB = 4. 5 Vdc, le = O) MAl 706 thru MAl 708 - - 15 
!VEB = 25 Vdc, le= 0) MAl 703 thru MAl 705 - - 15 
VEB = 30 Vdc, le= 0) MA1702 - 3.0 10 

Collector-Emitter Leakage Current 1CER µAde 
(~E = 15 Vdc, RBE = 10 K ohms) MAl 706 thru MA 1708 - - 600 
( CE = 25 Vdc, RBE = 10 K ohms) MA1703 thru MA1705 - - 600 
(VcE = 30 Vdc, RBE = 10 K ohms) MA1702 - - 600 

Collector-Emitter Punch-Thru Voltage v pt Vdc 
(Vn = 1.0 Vdc, MA1702 30 - -
VTVM impedance ~ 1 megohm) 

Output Capacitance cob pf 
(VcB = 6 Vdc, IE - o, f = l me) All Types - 10 20 

Noise Figure NF db 

I 
(VcE = 4. 5 Vdc, IE = o. 5 mA, MA1702 - 5 10 
Rg = 1 K, f = 1 kc, .1f = 1 cps) 

Small •Signal Current Gain Cutoff Frequency 1hfb me 
(VcB = 6 Vdc, IE = 1 mAdc) MA1702 7. 0 - -

MA1703 3.0 - -
MA1704 5. 0 - -
MA1705 6.0 - -
MA1706 3. 0 
MA1707 4.0 
MA1708 5.0 

Input Impedance hib Ohms 
(VcB = 6 Vdc, IE = 1 mAdc, f = 1 kc) MAl 702 thru MAl 705 25 - 35 

MA 1706 thru MAl 708 25 - 37 

Output Admittance hob µmho 
(VCB = 6 Vdc, ~ = 1 mAdc, f = 1 kc) MA1702 0. 05 - 0. 50 

Small Signal Current Gain hfe -
(VcE = 6 Vdc, IE = 1 mAdc, f = 1 kc) MAl 702, MAl 705, MAl 708 500 - -

MAl 703, MAl 706 200 - 500 
MAl 704, MAl 707 350 - 800 

DC Current Gain hFE -
(Ic = 20 mAdc, VcE = 1 Vdc) MA1702 350 - -
(le = 100 mAdc, VcE = 1 Vdc) MAl 702, MAl 705, MAl 708 200 - -

MA1703, MA1706 100 - 350 
MA1704, MA1707 150 - 400 

(IC= 200 mAdc, V CE = 1 Vdc) MA1702 135 - -
MA1703 70 - -
MA1704 110 - -
MA1705 125 - -

Collector-Emitter Saturation Voltage VC~ Vdc 
(IC = 200 mAdc, 1ii = 4. o mAdc) MA1702 (sat - - o. 260 
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MOTOROLA HIGH FREQUENCY TRANSISTORS 
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• For devices meeting military specifications, see page 1-18. 

• For high-reliability devices produced under the Meg-A-Life II program, see 
page 1-22. 

• For case outline dimensions, see page 1-26. 
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--Motorola High-Frequency Transistors --

MOTOROLA HIGH FREQUENCY 
SWITCHING AND AMPLIFIER TRANSISTORS 

This line of transistors includes germanium and silicon devices designed for 
switching and amplifier applications at frequencies ranging from a few mega
cycles to over a gigacycle. 

NUMERICAL-ALPHABETICAL LISTING OF DEVICES COVERED IN THIS SECTION 

2N697 2N956 2N1561 
2N700 2N960 2N1562 
2N700A 2N961 2N1613 
2N705 2N962 2N1692 
2N706 2N963 2N1693 

2N706A 2N964 2N1711 
2N706B 2N964A 2N1991 
2N707 2N965 2N2096 
2N707A 2N966 2N2097 
2N708 2N967 2N2099 

2N710 2N968 2N2100 
2N711 2N969 2N2192 
2N711A 2N970 2N2192A 
2N711B 2N971 2N2192B 
2N718 2N972 2N2193 

2N718A 2N973 2N2193A 
2N722 2N974 2N2193B 
2N741 2N975 2N2194 
2N741A 2N985 2N2194A 
2N744 2N995 2N2194B 

2N753 2N1131 2N2195 
2N827 2N1132 2N2195A 
2N828 2N1132A 2N2195B 
2N828A 2N1132B 2N2217 
2N829 2N1141 2N2218 

2N834 2N1142 2N2218A 
2N835 2N1143 2N2219 
2N838 2Nl195 2N2219A 
2N869 2N1204 2N2220 
2N914 2N1204A 2N2221 

2N915 2N1420 2N2221A 
2N916 2N1494 2N2222 
2N918 2N1494A 2N2222A 
2N929 2N1495 
2N930 2N1496 
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--Motorola High-Frequency Transistors --

NUMERICAL-ALPHABETICAL LISTING (continued) 

2N2256 2N3245 2N3506 
2N2257 2N3248 2N3507 
2N2258 2N3249 2N3508 
2N2259 2N3250 2N3509 
2N2303 2N3250A 2N3510 

2N2330 2N3251 2N3511 
2N2331 2N3251A 2N3544 
2N2369 2N3252 2N3546 
2N2381 2N3253 2N3553 
2N2382 2N3279 2N3632 

2N2481 2N3280 2N3634 
2N2501 2N3281 2N3635 
2N2537 2N3282 2N3636 
2N2538 2N3283 2N3637 
2N2539 2N3284 2N3647 

2N2540 2N3285 2N3648 

2N2630 2N3286 2N3664 

2N2635 2N3287 2N3717 

2N2800 2N3288 2N3718 

2N2801 2N3289 2N3719 

2N2832 2N3290 2N3720 
2N2834 2N3291 2N3742 
2N2837 2N3292 2N3743 
2N2838 2N3293 2N3783 
2N2904 2N3294 2N3784 

2N2904A 2N3295 2N3785 
2N2905 2N3296 2N3798 
2N2905A 2N3297 2N3799 
2N2906 2N3298 2N3818 
2N2906A 2N3307 MCS2135 

2N2907 2N3308 MCS2136 
2N2907A 2N3309 MCS2137 

I 
2N2929 2N3309A MCS2138 
2N2947 2N3323 MF812 
2N2948 2N3324 MF832 

2N2949 2N3325 MM1803 
2N2950 2N3375 MM1941 
2N2951 2N3444 MM1943 
2N2952 2N3467 MM2503 
2N2955 2N3468 MM2550 

2N2956 2N3485 MM2552 
2N2957 2N3485A MM2554 
2N2958 2N3486 MM2894 
2N2959 2N3486A MPS706 
2N3115 2N3493 MPS834 

2N3116 2N3494 MPS918 
2N3133 2N3495 MPS2894 
2N3134 2N3496 MPS2923 
2N3135 2N3497 MPS2924 
2N3136 2N3498 MPS2925 

2N3137 2N3499 MPS3563 
2N3227 2N3500 MPS3639 
2N3244 2N3501 MPS3640 
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--Motorola High-Frequency Transistors --

PREFERRED SILICON TRANSISTORS 

Year after year the industry introduces a host of new transistor type num -
bers to join the growing list of devices already available. Some of the new 
type numbers represent true state-of -the-art advances in transistor technolo
gy, while others are merely improvements of older types already in general 
use. 

Motorola manufactures one of the most extensive lines of high - frequency 
transistors and will continue to produce many of the older device type num -
bers - though some of these are recommended for direct replacement only. 
For new equipment designs, the engineer should consider primarily the more 
advanced transistors which offer performance and price advantages, and as
sure a continuing and reliable source of supply. 

NUMERICAL LISTING OF PREFERRED MOTOROLA 
HIGH J=REQUENCY SILICON TRANSISTORS 

Type Number Type Number Type Number 

2N834 2N2537 2N3253 
2N835 2N2538 2N3444 
2N915 2N2539 2N3467 
2N916 2N2540 2N3468 
2N918 2N2800 2N3485, A 

2N2192, A, B 2N2801 2N3486, A 
2N2193, A, B 2N2837 2N3493 
2N2194, A, B 2N2838 2N3494 
2N2195, A, B 2N2904, A 2N3495 
2N2217 2N2905, A 2N3496 

2N2218, A 2N2906, A 2N3497 
2N2219, A 2N2907, A 2N349B 
2N2220 2N3227 2N3499 
2N2221, A 2N3244 2N3500 
2N2222, A 2N3245 2N3501 

2N2330 2N3248 2N3506 
2N2331 2N3249 2N3507 
2N2369 2N3250, A 2N3508 
2N2481 2N3251, A 2N3509 
2N2501 2N3252 2N3510 
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Type Number 

2N3511 
2N3544 
2N3546 
2N3634 
2N3635 

2N3636 
2N3637 
2N3647 
2N3648 
2N3719 

2N3720 
2N3742 
2N3743 

MM1755 
MM1756 
MM1757 
MM1758 
MM2894 

I 



I 

EIA Motorola 

2N497 2N3498 
2N498 2N3498 
2N656 2N3498 
2N657 2N3498 
2N696 # 2N2217 

2N696A 2N2217 
2N697 # 2N2218 
2N697A 2N2218 
2N698 #2N3498 
2N699 # 2N3498 

2N699B 2N3498 
2N702 #2N835 
2N703 # 2N835 
2N706 # 2N835 
2N706A # 2N835 

2N706B #2N835 
2N706C #2N835 
2N707 2N707 
2N707A 2N707A 
2N708 #2N834 

2N708A #2N834 
2N709 2N709 
2N709A 2N709A 
2N715 # 2N2221 
2N716 # 2N2221 

2N717 # 2N2221 
2N717A # 2N2221 
2N718 # 2N2221 
2N718A # 2N2221 
2N719 #2N3498 

2N719A 2N3498 
2N720 #2N3498 
2N720A #2N3498 
2N721 # 2N2837 
2N722 # 2N2837 

2N722A #2N2837 
2N726 # 2N3250 
2N727 # 2N3250 
2N728 # 2N2539 
2N729 #2N2539 

--Motorola High-Frequency Transistors --

SILICON HIGH FREQUENCY TRANSISTORS 
EIA-MOTOROLA PREFERREDt TYPE 

CROSS REFERENCE GUIDE 

EIA Motorola EIA Motorola EIA Motorola 

2N730 # 2N2220 2N930 2N930 2N1564 2N2218 
2N731 # 2N222 l 2N947 2N834 2N1565 2N2218 
2N734 2N2221 2N956 # 2N2222 2N1566 2N2219 
2N735 2N2221 2N957 2N2501 2N1566A 2N2219 
2N736 2N2222 2N978 2N2837 2N1613 # 2N2218A 

2N736A 2N2222 2N988 2N2221 2N1613A 2N2218 
2N742 2N2220 2N989 2N2221 2N1644 2N2218 
2N742A 2N2220 2N995 #2N3250 2N1700 2N2217 
2N743 # 2N835 2N995A 2N3250 2N1701 2N2217 
2N744 # 2N2501 2N996 #2N3248 2N1702 2N2217 

2N752 2N2221 2Nl060 2N250l 2Nl703 2N2217 
2N753 # 2N835 2N1131 #2N2800 2N1704 2N2218 
2N754 2N2220 2N1131A #2N2800 2N!711 #2N2219A 
2N755 2N2220 2Nl132 #2N2800 2N1711A 2N2219A 
2N780 2N2220 2N1132A # 2N2800 2N1711B 2N2219A 

2N783 2N834 2N1132B # 2N2800 2N1837 2N2218 
2N784 #2N834 2Nl139 2N835 2N1837A 2N2218 
2N784A #2N834 2N1199 2N835 2Nl838 2N2218 
2N834 # 2N2501 2Nl199A 2N835 2Nl839 2N2217 
2N835 # 2N2501 2N1252 2N2537 2Nl840 2N2217 

2N839 2N2220 2Nl252A 2N2537 2Nl889 #2N3498 
2N840 # 2N2221 2Ni253 2N2537 2Nl890 #2N3499 
2N841 2N2222 2N1253A 2N2537 2Nl893 #2N3498 
2N842 2N2221 2Nl276 2N2501 2Nl893A 2N3498 
2N843 2N2222 2Nl277 2N250l 2Nl958 # 2N2537 

2N849 2N835 2Nl278 2N2501 2Nl958A 2N2537 
2N850 2N834 2Nl279 2N2501 2Nl959 # 2N2537 
2N851 2N835 2Nl386 2N2218 2N1959A 2N2537 
2N852 2N834 2Nl387 2N2218 2Nl962 2N834 
2N869 # 2N3250 2Nl388 2N2218 2Nl963 2N834 

2N869A 2N3250 2N1389 2N2218 2Nl964 2N2539 
2N909 2N2222 2N1390 2N2218 2Nl965 2N2539 
2N914 # 2N834 2Nl409 2N2537 2Nl972 2N2219 
2N915 2N915 2N1409A 2N2537 2Nl973 2N2219 
2N916 2N916 2Nl410 2N2537 2N1974 2N3498 

2N919 2N834 2N1410A 2N2537 2N1975 2N3498 
2N920 2N834 2N1420 # 2N2218 2Nl983 2N2218 
2N921 2N834 2Nl420A 2N2219 2N1984 2N2218 
2N922 2N834 2N1507 #2N2219 2Nl985 2N2218 
2N929 2N929 2N1528 2N2218 2Nl986 2N2218 

EIA Motorola 

2N1987 2N2217 
2Nl988 2N2218A 
2Nl989 2N2218A 
2N1991 #2N2800 
2N2008 2N3500 

2N2049 2N2219A 
2N2106 2N2218 
2N2107 2N2218 
2N2108 2N2219 
2N2192 #2N3253 

2N2192A # 2N3253 
2N2192B # 2N3253 
2N2193 #2N3444 
2N2193A #2N3444 
2N2193B #2N3444 

2N2194 #2N2218A 
2N2194A #2N2218A 
2N2194B #2N2218A 
2N2195 #2N2217 
2N2195A #2N2217 

2N2195B # 2N2217 
2N2205 # 2N835 
2N2206 # 2N835 
2N2216 2N3498 
2N2217 2N2217 

2N2218 * 2N2218 
2N2218A * 2N2218A 
2N2219 * 2N2219 
2N2219A * 2N2219A 
2N2220 2N2220 

2N2221 * 2N2221 
2N2221A * 2N2221A 
2N2222 * 2N2222 
2N2222A * 2N2222A 
2N2224 # 2N2218 

2N2242 #2N2501 
2N2243 2N2219 
2N2244 2N835 
2N2245 2N835 
2N2246 2N835 

t Motorola type indicated generally offers improved performance when used in place of the EIA type listed. 
# EIA type available in addition to Motorola preferred type. 
* Also available in T0-46 package. 
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--Motorola High-Frequency Transistors --

CROSS REFERENCE GUIDE (continued) 

EIA Motorola EIA Motorola EIA Motorola EIA Motorola EIA Motorola 
2N2247 2N834 2N2545 2N2222A 2N2949 2N2949 2N3252 2N3252 2N3503 I 2N2905A 
2N2248 2N834 2N2651 #2N2501 2N2950 2N2950 2N3253 2N3253 2N3504 # 2N2907 
2N2249 2N834 2N2696 #2N2837 2N3287 2N3287 2N3505 # 2N2907A 
2N2250 2N835 2N2951 2N2951 2N3288 2N3288 2N3506 2N3506 
2N2251 2N835 2N2709 2N2800 2N2952 2N2952 2N3289 2N3289 2N3507 2N3507 

ZN2711 2N834 2N2958 2N2958 
2N2252 2N834 2N2712 2N834 2N2959 2N2959 2N3290 2N3290 2N3508 2N3508 
2N2253 2N834 2N2713 2N834 2N3009 # 2N3511 2N3291 2N3291 2N3509 2N3509 
2N2254 2N834 2N2714 2N834 2N3292 2N3292 2N3510 2N3510 
2N2255 2N834 2N3010 #2N3010 2N3293 2N3293 2N3511 2N351l 
2N2256 2N2256 2N2715 2N834 2N3011 # 2N3227 2N3294 2N3294 2N3512 2N2537 

2N2716 2N834 2N3012 #MM2894 
2N2257 2N2257 2N2787 2N2217 2N3013 #2N3511 2N3295 2N3295 2N3544 2N3544 
2N2270 #2N2219 2N2788 #2N2218A 2N3014 # 2N3511 2N3296 2N3296 2N3546 2N3546 
2N2297 #2N3252 2N2789 # 2N2219A 2N3297 2N3297 2N3634 2N3634 
2N2303 #2N2801 2N3015 #2N2537 2N3298 2N3298 2N3635 2N3635 
2N2318 2N834 2N2790 #2N2220 2N3019 2N3019 2N3299 #2N2218A 2N3636 2N3636 

2N2791 #2N2221A 2N3020 2N3020 
2N2319 2N834 2N2792 #2N2222A 2N3021 2N3021 2N3300 #2N2219A 2N3637 2N3637 
2N2320 2N834 2N2800 2N2800 2N3022 2N3022 2N3301 7t2N2221A 2N3647 2N3647 
2N2330 2N2330 2N2801 2N2801 2N3302 #2N2222A 2N3648 2N3648 
2N2331 2N2331 2N:i023 2N3023 2N3304 2N3546 2N3719 2N3719 
2N2350 MM1756 2N2837 2N2837 2N3024 2N3024 2N3307 2N3307 2N3720 2N3720 

2N2838 2N2838 2N3025 2N3025 
2N2350A MM1756 2N2845 #2N2539 2N3026 2N3026 2N3308 2N3308 2N3742 2N3742 
2N2368 #2N3227 2N2846 #2N2537 2N3053 #2N3498 ' 2N3309 2N3309 2N3743 2N3743 
2N2369 #2N3227 2N2847 #2N2539 2N3326 2N2218A 2N3796 2N3796 
2N2369A #2N3227 2N3110 #2N2218A 2N3337 2N3287 2N3797 2N3797 
2N2405 #2N34.98 2N2848 #2N2538 2N3114 #2N3500 2N3338 2N3289 2N3798 2N3798 

2N2868 2N3252 2N3115 2N3115 
2N2410 #2N2537 2N2883 2N3309 2N3116 2N3116 2N3339 2N3288 2N3799 2N3799 
2N2411 #2N3250 2N2884 2N3309 2N3120 #2N2800 2N3467 2N3467 MCS2135 MCS2135 
2N2412 #2N3250 2N2890 2N3507 2N3468 2N3468 MCS2136 MCS2136 
2N2476 #2N3252 2N3121 #2N2837 2N3485 2N3485 MCS2137 MCS2137 
2N2477 #2N3252 2N2891 2N3507 2N3133 2N3133 2N3486 2N3486 MCS2138 MCS2138 

2N2894 #2N3248 2N3134 2N3134 
2N2478 2N2218 2N2904 2N2904 2N3135 2N3135 2N3493 2N3493 MF3304 MF3304 
2N2479 2N2218 2N2904A 2N2904A 2N3136 2N3136 2N3494 2N3494 MM1755 MM1755 
2N2481 2N2481 2N2905 2N2905 2N3495 2N3495 MM1756 MM1756 
2N2483 MM2483 2N3209 #MM2894 2N3496 2N3496 MM1757 MM1757 
2N2484 MM2484 2N2905A 2N2905A 2N3224 2N3498 2N3497 2N3497 MM1758 MM1758 

2N2906 2N2906 2N3225 2N3498 
2N2501 2N2501 2N2906A 2N2906A 2N3227 2N3227 2N3498 2N3498 MM2090 MM2090 
2N2511 2N3444 2N2907 2N2907 2N3244 2N3244 2N3499 2N3499 MM2091 MM2091 
2N2537 2N2537 2N2907A 2N2907A 2N3245 2N3245 2N3500 2N3500 MM2092 MM2092 
2N2538 2N2538 2N3248 2N3248 2N3501 2N3501 MM2483 MM2483 
2N2539 2N2539 2N2927 2N2800 2N3502 #2N2905 MM2484 MM2484 2N3249 2N3249 
2N2540 2N2540 2N2947 2N2947 2N3250 2N3250 MM2894 MM2894 
2N2605 #2N3798 2N2948 2N2948 2N3251 2N3251 

t Motorola type indicated generally offers improved performance when used in place of the EIA type listed. 
ii EIA type available in addition to Motorola preferred type; 
* Also available in T0-46 package. 
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--Motorola High-Frequency Transistors --

SILICON TRANSISTOR HIGH SPEED SWITCHING SELECTION GUIDE 

The following tables and graphs are intended for a rapid guide for selecting 
preferred silicon transistors for high-speed switching applications. The de
vices in this. category are optimized for low storage time. 

OPTIMUM COLLECTOR CURRENT RANGE 

MIN. 10 i<A - 1 mA 1 mA - lOmA 10 mA - 100 mA 100 mA - 400 mA 400 mA - 800 mA 800 mA - 3 A Vceo 
VOLTS 

NPN PNP NPN PNP NPN PNP NPN PNP NPN PNP NPN PNP 

2N3493 2N2369 2N3248 2N706 2N3248 2N3510 
2N2481 2N3249 2N708 2N3249 2N3511 

2N3546 2N744 2N3546 2N3647 
2N753 2N3648 
2N835 

5-19 2N914 
2N2369 
2N2481 
2N3510 
2N3511 
2N3647 
2N3648 
MPS706 

2N2501 2N834 
2N3227 2N2501 

20-29 2N3508 2N3227 
2N3509 2N3508 

2N3509 
MPS834 

2N2537 2N2537 2N3252 
2N2538 2N2538 

30-39 2N2539 2N2539 
2N2540 2N2540 

2N3252 

2N2904 2N3253 2N3467 2N3253 2N3467 2N3506 2N3719 
2N2Y05 2N3444 2N3468 2N3444 2N3468 2N3507 
2N2906 2N2904 2N3506 2N3719 

40-50 2N2907 2N2905 2N3507 
2N3485 2N2906 
2N3486 2N2907 

2N3485 
2N3486 

2N2904A 2N2904A 2N3720 2N3720 
2N2905A 2N2905A 

60-79 2N2906A 2N2906A 
2N2Y07A 2N2907A 
2N3485A 2N3485A 
2N3486A 2N3486A 
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-- Motorola High-Frequency Transistors --

HIGH-SPEED SILICON TRANSISTORS, FOR 
LOW CURRENT SATURATED SWITCHING 

LIMIT SPECIFICATIONS (at 25°C) (for typical variations see accompanying graphs) 

VCE(sat) 
/iF = 10 
(VOLTS) 

SWITCHING TIME 
Type 

Number 

2N3493 

2N706 
2N70B 
2N744 
2N753 
2NB34 
2NB35 
2N914 

2N24Bl 

min/max 

40/120 @Ic=O. 5 mA 

40/120 

0.13@ Ic=0.1 mA 

Ia=0.01 mA 

o. 6 I 0. 4 
0. 35 (+170"C) 
0. 6 
0. 25 @lc=IO mA 

0. 25 

~: : 5 IB= 1 mAj 

2N2501 50/150 O. 2 

40 

~~@lc=IO mA 
16 1B1=3 mA 
20 

40 @Ic=200 mA 
vcc=5 v 

40@Ic=IO mA 

vcc=a v 

75 

~:®le= IO mA 

30 vcc= 3 v 
35 

40 @ Ic=200 mA 
vcc= 5 v 

55@Ic = 10 mA 

vcc = 3 v 

~~~~~~ 1~~~~go @ le = 10 mA g: ~~ @IC = 10 mA 12 lB g@ Ic=IO mA :: ® lc=lO mA 

~~~~g~ 1g~~~go v CE = 1 v g: ~~ 1s = 1 mA 12 v cc=3 v IB v cc= 3 v 

t CURVE 2N3546 30/120 ® le = 10 mA o. 15 @ IC = 10 mA 25 @1c=50 mA 35@ Ic=50 mA 

PNP ~-4-5--l------l-------v_c~E_=_1_v_._ ____ ~18=--=-1_m_A_..._ __ v~c~c_=a_v_-1-__ v_c_c_=_3_v~ 
I CURVE 2N324B 50/150 @IC = 10 mA o. 125 @le = 10 mA 20@ Ic=IOO mA BO @Ic=IOO mA 

• 42 2N3249 100/300 v CE = 1 v 0. 125 1s = 1 mA 20 v cc= lOV BO v cc= IO v 

HIGH SPEED SILICON TRANSISTOR CHARACTERISTIC CURVES 

TYPICAL V ARIA TYcjNS OF 
hFE vs IC (VCE = l V) 

il-42 

7 p ~2 

5 4~ ~l 
4p ]7 45 
3k 1\ 2 73 

1 
0.1 10 100 10 100 

IC COLLECTOR CURRENT (mAdc) IC COLLECTOR CURRENT (mAdc) 
0 10 

8 0 
0 

40 

1': 

TYPICAL VARIATIONS OF 
RISE TIME (tr) AND 

FALL TIME (tf) vs IC 

!Olm~m:a so t8@v cc av 
0 

0 3 
j 

0 ::S CV cc= 10 v, llF = 10) 

~ 
O TYPICAL VARIATIONS OF-+-+>H~+II[I+----t 
O STORAGE TIME (t8 ) vs IC -+-._...1>1.,...__--1 

'LS:: V CC = 10 V, /iF =10 fl!2 
0 

0 
8 
6 

3 

2 
I 

T ~ 42 
I 

73 
45_ 

10 100 
IC 

1 
COLLECTOR CURRENT (mAdc) 

10 100 
le, COLLECTOR CURRENT (mAdc) 
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--Motorola High-Frequency Transistors --

HIGH CURRENT CORE DRIVERS AND PULSE AMPLIFIERS 
LIMIT SPECIFICATIONS _Lat 25 °'1_ (for !X_pical variations see accom~~aphs) 

hFE VCE(sat) SWITCHING TIME 

REFERENCE Type min/max PF= 10 t on' or td +tr toff' or t8 + tf 
CURVE Number (VOLTS) 

(nsec) (nsec) 

1 

2N3510 ~~:;~g@ IC= 150 mA g:: @IC= 150 mA ~~@re= 150 mA ~~ @re= 150 mA 
CURVE 2N3511 

77 2N3647 25/150 vcE= 1 v o. 4 I8 = 15 mA 20 vcc= 6V 25 v cc= 6 v 
2N3648 30/120 o. 4 16 18 

2N2537 ig~~~gO@ IC= 150 mA g::;@ 1c; = 150 mA 
:g@Ic= 150 mA :g @re= 150 mA 

CURVE 2N253B 
4 2N2539 50/150 vcE=IOV 0. 45 'Ji= 15 mA 40 vcc= 7 v 40 vcc= 7 V 

2N2540 100/300 0. 45 40 RL = 40 ohms 40 RL = 40 ohms 
NPN 

CURVE 
2N3252 ~~:~~ @Ic = 500 mA o.5 @le= 500 mA :~@le= 500 mA ~g@ IC~ 500 mA 
2N3253 g:~ IS=50 mA 17 2N3444 20/60 VCE = l V 50 v cc= 30 v 70 vcc = 30 v 

CURVE 2N3506 40/200 @le= I. 5 A I. 0 @IC= I. 5 A 45 @le= I. 5 A 90@lc= 1.5A 

22 2N3507 30/150 VCE = 2 V o. 6 Is= 150 mA 45 vcc=3DV 90 vcc = 30 v 

I 
2N2904 40/120 

I 
o. 4 

I 
45 

I 
!OD 

I 2N2904A 40/120 0. 4 45 100 
2N2905 100/300 o. 4 45 100 
2N2905A 100/300 0.4 45 100 

CURVE 2N2906 :~;~g @re= 150 mA o.4 @re= 150 mA :; @IC= 150 mA ;gg@'c = 150 mA 
33 2N2906A 0.4 

2N2907 100/300 vcE= 10 v 0.4 18 = 15 mA 45 vcc= 30V 100 vcc = s v 
2N2907A o. 4 45 100 

l 
100/300 

l l l 
PNP 2N3485 40/120 0. 4 45 100 i 2N3485A 40/120 0. 4 45 100 

2N3486 100/300 0. 4 45 100 
2N3486A 100/300 0. 4 45 100 

CURVE 
2N3467 40/120 @re= 500 mA o.5 @Ic= 500 mA 40 @re= 500 mA 9o@rc= 500mA 

37 2N3468 25/75 V CE= 1 V o. 6 rs= 50 mA 40 vcc=3ov 90 vcc = 30 v 

CURVE 2N3719 25/180 @IC= I A O. 75@ IC= 1 A 75 @IC= I A 225 @IC= I A 

13 2N3720 25/180 vcE=l.5V 0. 75 ! 8 = 100 mA 75 vcc= 12 v 225 vee= 12 v 

HIGH CURRENT SILICON TRANSISTOR CHARACTERISTIC CURVES 

T1ml}'.f vAJrJJJJWF 
hFE vs IC (V CE = 10 V) 

~ 4_77 

. 81-J:f22 37 ~ J,\ &'S\.. I 

. 61----+--+-l-++++++--+-+-+++l+++--+-jL-1>'<77 ~ 

. 5 4 17 JS:13 
22 

.41----+--+-l-++++++--+-+-+++l+++--+-jH-H+H+--<--+--H 

10 100 1000 5000 
IC, COLLECTOR CURRENT (mAdc) 

8- l 0 

• 9 

1. 0 
TYPIC~ VARIATIONS OF ~ 1-- v CE (sat) vs le l,S,. = 10) ;i; 4 

JI 17 [L1 .8 

37 

tj . 5 
< 
~ .4 
0 

YI 
'J7 

I- 1~ 
II 

t- ~ 1.11 JL 
> .3 

10 100 1000 
IC

1 
COLLECTOR CURRENT (mAdc) 

100 

70 

50 
40 
30 

TYPICAL VARIATIONS OF 
STORAGE TIME (t8) vs IC 

vce 

20 

v 
10 

2 
I 

10 V, PF 10 

r-- +- 37 

v 17 

17' 
~ 

N 

~ 
77 

10 100 1000 
le, COLLECTOR CURRENT (mAdc) 

v 

5000 

13 

22 

5000 



-- Motorola High-Frequency Transistors --· 

GERMANIUM HIGH SPEED SWITCHING TRANSISTOR 
SELECTION GUIDE 

These tables and graphs are intended as a rapid guide for selection of ger
manium transistors for high-speed switching applications. 

BVceo 
MINIMUM OPTIMUM COLLECTOR CURRENT RANGE 

VOLTS 
1 mA - 50 mA 10 mA - 100 mA 100 mA - 500 mA 

2N705 2N711A -
2N710 2N711B 
2N711 2N828 
2N 827 2N828A 
2N 968 2N829 

5 9 2N969 2N960 
2N970 2N961 
2N971 2N962 
2N972 2N963 
2N973 2N964 
2N974 2N964A 
2N975 2N965 

2N 2258 2N966 
MM2259 2N967 

2N985 

MM2550 2N2635 2Nl204 
MM2552 2Nl204A 
MM2554 2Nl494 

10 - 15 2Nl494A 
2N2096 
2N2099 
2N2381 

16 - 20 - 2N2956 2N2097 
2N2957 2N2!00 

2N2382 

- 2N838 2N1495 
m6re than 2N2955 2Nl496 

21 

8-11 
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Refer .. 
ence Type 

Curve Number 

2N7oti 
2N710 

2N711 

2N827 

2N968 

2N968 

2N870 

2N871 

2N872 

1 2N873 

1 2N874 
2N875 
2N2258 
2N2258 

-- jMM2550 

2N711A 
2N711B 

2N828 

2N828A 

2N828 

5 2N838 

2N960 

I 
2N961 

2N962 
2N963 

2N964 

2N964A 
3N965 

2N966 
2N967 

2N985 

MM2552 

i MM2554 
_! 

*TYP 

--. Motorola High-Frequency Transistors --

GERMANIUM HIGH SPEED SWITCHING TRANSISTOR 
SPECIFICATIONS 

hFE @IC VCE(SAT) Lr SWltchlng Times (max) 

min/max max Volta @1c & 11! Mc t00 = td + tr nsec toff = t8 + tf nsec 

25/- 0.3 325* 75 T 200 
25/- o. 5 325• 75 

IBJ:J 
200 !Bl - lmA 

20/- o~ 5 300• 100 350 I~= 0.25 mA 

100/- 0.25 250 35 

~TI 
60 181 - 3.3 mA 

182 = 3.3mA 

17/- le= IOmA o. 25 250 75 150 

le= lOL 17/- 0.25 250 75 

~-T 
150 

I 
17/- 0. 25 250 100 275 181 -lmA 

17/- 0.25 le= 10 mA 250 100 275 182 = 0.25 mA 

40/- 0.25 250 75 18 = lmA 175 

40/- 0.25 18 = 1 mA 250 75 175 

40/- 0. 25 250 100 275 
40/- o. 25 250 100 275 
17/- 250 9•• 7 .. 
40/- 250 9•• 7 .. 

c·~mA· c = "llrriiA 
20/- 0.2 1000 2.r".:c.L= 5V 2. 5VcE = 5V 

25/150 0• 55 le= 50mA 150 100 

IB. IA 

300 
• TmA 30/150 0.45 18 = 2mA 150 100 300 Ia1 I 

25/- o. 2 1e. lO mA 300 70 100 182 • 0.25 iA 

25/- 0.2 IB = I mA 300 50 l 100 

50/- 0.2 IB = o.&mA 300 50 100 le = 10 mA 

30/- 0.18 18 = 3.3mA 300 39 11! = 3.3mA 40 181 - 3.3 mA ., 
t82 = 3.3 mA 

20/- 1c•10mA 0.4 le= 50mA 300 50 
le = 10,mA 85 181 • lmA 

20/- 0.4 18 =5mA 300 50 85 
11!2 

= 0.25 mA 

20/- 0.4 300· 50 100 
20/- 0.2 IC= 10 mA 300 60 18 = 1 mA 120 !Bl - 1.0 mA 

18 = lmA IB2 = 1.25 mA 

40/- o.35 le• 50mA 300 50 85 181 - I mA 

40/- 0.28 300 50 85 
IB2 = 0.25 mA 

40/- 0.35i8 =5mA 300 50 85 

4o/- 0.35 300 50 100 
40/- 0.2 Ic = lo mA 300 60 120 Ie1 -1 mA 

___.___., 182 • 1.25 mA 

40/- 0.15 18 = 1 mA 300 35 18 = 5mA 80 181 - 5 mA 

I~• 1.25 mA 

30/- le= 25 mA 0.2 
lc=25mA 

1000 
••le = 25 mA ••le = 25 mA 

18 • 2.5mA 3.5 VCE • 5V 2.5 VCE = 5V 

20/- le= 40mA 
'c =4lrliiA 

0.25 Is = 4 mA 1000 
.;re = 4lr riiA 

3.5 VCE • 5V 

.;rC =·40 mA 

2.5 VCE • 5V 

**CURRENT MODE 



GERMANIUM HIGH SPEED SWITCHING TRANSISTORS (continued) 

Refer· 
ence 
curve 

l 
14fi7 

;;s 
'5 
~ 

~ 

7 

u 0.5 g 
" "' N ::; 
~ 0.2 

~ 

Type 
Number 

2N2635 

2N2955 

2N2956 

2N2957 

2Ni204 

2Nl204A 

2Nl494 

2Nl494A 
2Nl495 

2Nl496 

2N2096 

2N2097 

2N2099 

2N2100 

2N238l 

2N2382 

J I J [ltlll 
CE de 

bn ~le 
min max 

VeEf•otJ 
Max Volts @ le r. I• 

45/300 o. 4 le " 50 mA 

18 = 2. 5 mA 

20/60 IC = 50 mA 0. 3 

40/120 0. 25 
le = 50 mA 

100/- 0. 2 
18 = 5 mA 

151- le = 400 mA o. 5 IC - 200 mA 

25/- le = 200 mA 0. 4 18 :: 10 mA 

15/- IC - 400 mA 0. 4 

25/- 0. 4 
25/- IC = 200 mA 0. 3 IC = 200 mA 

25/- 0. 3 18 = 20 mA 

15/- 0. 6 

20/- IC = 400 mA 0. 5 le , 200 mA 

15/- 0. 6 18 =IOmA 

2Cl[- 0. 5 

40/-
IC = 200 mA 

0. 4 IC = 200 mA 

40/- 0. 4 18 = 20 mA 

hFE versus le 

~I 
lZ "' '"' zf ./ 7 

.., 
0 
<'::. 

14/17 la 
$ 

"' u 
> 

fr 
Maximum Switching Time 

Mc ton= td +tr nsec t.11 = t, + t1 nsac 

150 50 IC = 10 mA 250 181 =- 1 mA 

18 = 1 mA I~= 0.25 mA 

200 55 80 IC = 50 mA 

250 45 
IC = 50 mA 

90 181 =-5 mA 

300 40 
18 = 5 mA 

95 182 = 5 mA 

110 -
110 - -
110 - -
110 - -
150 - -
150 - -
- - 130 IC = 200 mA 

- - 90 181 = -20 mA 

- - 130 182 = 20 mA 

- - 90 

300 22 IC = 200 mA 45 IC = 200 mA 

300 22 18 = 40 mA 45 181 00 .-40 mA 

182 = 40 mA 

VeefSATI versus le 
0. 6 

R, = io 

o. 4 

o. 2 

j_ i-
~5 .L17 

O. l O. 2 O. 5 1 2 5 IO 20 50 100 200 500 1000 
0 

I 4 6 810 20 40 60 100 200 400600 
le (mA) IC COLLECTOR CURRENT (mAdc) 

t.11 versus le 

60 >----+--+-+-+-+++H---+--+-+-+-<-+++t----17.-

J ~t==t:::::tttt:ttlt==t~~~l=E~*l$JZ~:e::l 
zot-----+---+-+-+-+-++H--5-j~-t-t-t-H~U+14r1_7_,_~ 

6 8 10 20 40 60 80 100 200 300 
le (mA) 
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SILICON MEDIUM SPEED, SWITCHING TRANSISTOR SELECTION GUIDE 

These tables and graphs are intended to permit rapid comparison and sel
ection of silicon transistors for'rnedium ;_speed, general-purpose switching 
applications. 

Optimum Collector Current Range 

100 µA-10 mA 10 mA-100 mA 100 mA-400 mA 400 mA-800 mA 

VCEO PNP NPN PNP NPN PNP NPN PNP NPN 

MM2894 - 2N869 - - - - -
MPS2894 2N995 
MPS3639 MM2894 

5-19V MPS3640 MPS2894 
MPS3639 
MPS3640 

- 2N916 - 2N9!6 2N1991 2N697 - -
2N718 
2Nl420 
2N2195 

20-29 v 2N2195A 
2N2195B 
2N2958 
2N2959 
2N3115 
2N3116 

2N2800 2N2217 2N2800 2N2217 2N722 2N718A - -
2N2801 2N2218 2N2801 2N2218 2N1131 2N956 
2N2837 2N2219 2N2837 2N2219 2N1132 2N1613 
2N2838 2N2220 2N2838 2N2220 2N2303 2N1711 

2N2221 2N3133 2N2221 2N2800 2N2217 

30-39 v 2N2222 2N3134 2N2222 2N280! 2N2218 
2N3135 2N2837 2N2219 
2N3136 2N2838 2N2220 

2N3133 2N2221 
2N3134 2N2222 
2N3135 
2N3136 

MCS2137 2N915 2N2904 2N2218A 2N1132A 2N2192 2N3244 -
MCS2138 MCS2135 2N2905 2N2219A 2N1132B 2N2192A 2N3245 

MCS2136 2N2906 2N2221A 2N2904 2N2192B 
2N2907 2N2222A 2N2905 2N2193 
2N3250 2N2906 2N2193A 
2N3251 2N2907 2N2!93B 

40-59 v 2N3485 2N3244 2N2!94 
2N3486 2N3245 2N2!94A 

2N3485 2N2194B 
2N3486 2N2218A 

2N2219A 
2N2221A 
2N2222A 

2N2904A - 2N2904A - 2N2904A - - -
2N2905A 2N2905A 2N2905A 
2N2906A 2N2906A 2N2906A 

60-79 v 2N2907A 2N2907A 2N2907A 
2N3485A 2N3250A 2N3485A 
2N3486A 2N3251A 2N3486A 

2N3485A 
2N3486A 

80-119V - ·- 2N3494 2N3498 - 2N3498 - -
2N3496 2N3499 2N3499 

- - 2N3495 2N3500 - 2N3500 - -
2N3497 2N350! 2N350! 

120-300V 2N3634 
2N3635 
2N3636 
2N3637 

8-14 



--Motorola High-Frequency Transistors --

SILICON TRANSISTOR MEDIUM SPEED SWITCHING 

SELECTION GUIDE 

Devices in this category are preferred for applications requiring high DC 
current gain and low leakage currents. 

NPN MEDIUM SPEED SWITCHING TRANSISTOR SPECIFICATIONS 

Limit Specifications (at 25°C) (For typical variations, see accompanying graphs) 

Refer-
ence V CE(sat) fT cib cob Curves IC;lB = 10 

see page Type 
hFE max min max max 

8 - 17 Numbers min/max I IC volts T IC Mc pf pf 

23 2N915 50/200 10 mA 1. 0 10 mA 250 10 3. 5 
23 2N916 50/200 10 mA 0. 5 10 mA 300 10 6 

2N697 40/120 

10LA 

1. 5 50 - 35 
2N718 40/120 1. 5 50 - 35 
2N718A 40/120 1. 5 60 80 25 
2N956 100/300 1. 5 70 80 25 

2Nl420 100/300 1. 5 50 - 35 
2N1613 40/120 1. 5 60 80 25 
2Nl711 100/300 1. 5 70 80 25 
2N2217 20/60 0.4 250 30 8 
2N2218 40/120 0. 4 250 30 8 
2N22HlA 40/120 0.3 300 25 8 

2 2N2219 100/300 150 mA 0. 4 150 mA 250 30 B 
2N2219A 100/300 0.3 300 25 8 
2N2220 20/60 0.4 250 30 8 
2N2221 40/120 0. 4 250 30 8 
2N2221A 40/120 0.3 300 25 8 
2N2222 100/300 0.4 250 30 8 
2N2222A 100/300 0.3 300 25 8 
2N2958 40/120 o. 5 250 - 8 
2N2959 100/300 0. 5 250 - 8 
2N3115 40/120 0. 5 250 - 8 
2N3116 100/300 o. 5 250 - 8 

2N2192 100/300 0.35 50 - 20 
2N2192A 100/300 0. 25 50 - 20 
2N2192B 100/300 0.18 50 - 20 
2N2193 40/120 0.35 50 - 20 
2N2193A 40/120 0. 25 50 - 20 

14 2N2193B 40/120 150 A ~: ~~ 150 mA 
50 - 20 

2N2194 20/60 m 50 - 20 
2N2194A 20/60 0. 25 50 - 20 
2N2194B 20/60 0.18 50 - 20 
2N2195 20/ - 0.35 50 - 20 
2N2195A 20/ - 0. 25 50 - 20 
2N2195B 20/ - 0.18 50 - 20 

2N3498 40/120 0.6 150 80 10 

1 
2N3499 100/300 0.6 

300 rA 150 80 10 
2N3500 401120 150lA o. 4 150 80 8 
2N3501 100/300 0. 4 150 80 8 
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- Motorola High-Frequency Transistors -

PNP MEDIUM SPEED SWITCHING TRANSISTOR SPECIFICATIONS 

Limit Specifications (at 25°C) (For typical variations, see accompanying graphs) 

VCE(sat) 

Iclls = 10 
fT cib cob hFE max 

Refer-
min ence Type max max 

Curves Numbers min/maxj le Volts le Mc pf pf 

r MM 2894 40/150 30 mA 0.2 30 mA 400 6 6 
MPS2894 40/150 30 mA 0.2 30 mA 400 - 6 

l 
MPS3639 3~2010 mA 0.16 10 mA 500 3. 5 3. 5 
MPS3640 30 120 10 mA 0.2 10 mA 500 3. 5 3. 5 

l 2N869 2~~120 10 mA 1.0 10 mA - 11 9 
2N995 35/140 20 mA 0.2 20 mA - 11 10 

2N3250 50/150T o.25T 250 8 6 

1 2N3250A 50/150 0.25 10 mA 250 8 6 
2N3251 100/300 lOr 0.25 I 300 8 6 
2N3251A 10~00 0.25 300 8 6 

1 
2N3494 4~- 1 o.3 I 200 30 7 
2N3495 40/ - 10 inA 0.35 lCTmA 150 30 6 
2N3496 4~- I 0.3 l 200 30 7 
2N3497 40 - 0.35 150 30 6 r 2N3634 5~150 1 0.5 1 150 75 10 
2N3635 100/300 50 A g:~ 50 mA 

200 75 10 
2N3636 5~50 m 150 75 10 
~N3637 100 300 0.5 200 75 10 

2N722 3~~90 1. 5 60 80 45 
2Nll31 20/45 1. 5 50 80 45 
2Nll32 30/90 1. 5 60 80 45 
2Nll32A 30/90 1. 5 60 80 30 
2Nll32B 30/90 1. 5 60 80 30 

31 2Nl991 15/60 150 mA 1. 5 150 mA 40 80 45 

I 
2N2303 75/200 1. 5 60 80 45 
2N2800 30/90 0.4 120 - 25 
2N2801 75/225 0.4 120 - 25 
2N2837 3~0 0.4 120 - 25 
2N2838 75 225 0.4 120 - 25 
2N2904 4~120 0.4 200 30 8 
2N2904A 40/120 0.4 200 30 8 
2N2905 100/300 0.4 200 30 8 
2N2905A 100/300 0.4 200 30 8 
2N2906 40/120 0.4 200 30 8 
2N2906A 40/120 0.4 200 30 8 
2N2907 100/300 0.4 200 30 8 

33 2N2907A 100/300 150 mA o. 4 150 mA 200 30 8 
2N3133 40/120 0.6 200 40 10 
2N3134 100/300 0.6 200 40 10 
2N3135 40/120 0.6 200 40 10 
2N3136 100/300 0.6 200 40 10 
2N3485 40/120 0.4 200 30 8 
2N3485A 40/120 0. 4 200 30 8 
2N3486 100/300 0.4 200 30 8 
2N3486A 10~00 0.4 200 30 J!.. 

~8 2N3244 50/ 150 500 mA 0.5 500 mA 175 10<> 25 
38 2N3245 30/90 500 mA 0.6 500 mA 150 100 25 
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--Motorola High-Frequency Transistors --

SILICON MEDIUM SPEED TRANSISTORS 
CHARACTERISTIC CURVES 

PNP 
Ye•(•••I versus le 

NPN VeE(sotJ versus le 

I 

r 

33 

31 

54 V'JL 
IZ'.J7JM 

5 10 20 50 100 200 500 1000 
IC COLLECTOR CURRENT (mA) 

fr versus le 

le, COLLECTOR CURRENT (mAdc) 

hFE versus le 

)lr 
CE 

:::s !>. 
~ 

35 4)\54 

~ 
I\ 

I\ 
}s 

5 10 20 50 100 200 
IC' COLLECTOR CURRENT (mAdc) 

Cob and C;b versus le 
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500 1000 
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- Motorola High-Frequency Transistors -

RF TRANSISTOR SELECTOR GUIDE 

These tables and graphs are intended to permit rapid comparison and se
lection of transistors for transmitter and receiver designs. The devices in
cluded are. suitable for application as RF and IF amplifiers, oscillators, mixers, 
multipliers, power oscillators, drivers, output and harmonic generator stages. 

SMALL SIGNAL RF APPLICATIONS SELECTOR GUIDE 

RF and IF High-Level 

Polarity Amplifiers, Low-Level Oscillators Low-Level Oscillators lOOmW Frequency and Mixers and P 0 < 100 mW <Po< 2W 
Wide-Band 

Range Material Converters Amplifiers 

2N700 2N700 2Nll41 2N700 
2N700A 2N700A 2Nll42 2N700A 
2Nll41 2Nll41 2Nll43 2Nll41 
2Nll42 2Nll42 2Nll95 2Nll42 
2Nll43 2N1143 2N1561 2NI143 
2Nll95 2Nll95 2N1562 2N1195 
2N2929 2N2929 2N1692 2N2929 

PNP 2N3279 2N3279 2Nl693 2N3279 
Ge 2N3280 2N3280 2N2929 2N3280 

2N3281 2N3281 2N3281 
2N3282 2N3282 2N3282 
2N3283 2N3285 2N3283 
2N3284 2N3323 2N3284 
2N3285 2N3324 2N3285 
2N3286 2N3325 2N3286 

2 Mc 2N3323 2N3323 
to 2N3324 2N3324 

70 Mc 2N3325 2N3325 

2N918 2N918 2N2949 2N~l8 
2N3287 2N3287 2N2951 2N3287 

NPN 2N3288 2N3288 2N2952 2N3288 
Si 2N3289 2N3289 2N3309 2N3289 

2N3290 2N3290 2N3290 
2N3291 2N3293 2N3291 
2N3292 2N3298 2N3292 
2N3293 2N3293 
2N3294 2N3294 

2N3250 2N3250 2N3307 
PNP 2N3251 2N3251 2N3308 

Si 2N3307 2N3307 -
2N3308 2N3308 
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--Motorola High-Frequency Transistors --

SMALL SIGNAL RF APPLICATIONS SELECTOR GUIDE (continued) 

RF and IF 
High-Level 

Polarity Amplifiers, Low-Level Oscillators 
Low-Level Oscillators lOOmW Frequency and Mixers and 

P 0 < 100 mW <P0 < 2W 
Wide-Band 

Range Material Converters Amplifiers 

2N1141 2N700 2N1141 2N1141 
2Nl142 2N700A 2N1142 2N1142 
2Nl143 2Nl141 2Nl143 2Nl143 
2Nl195 2N1142 2N1195 2Nl195 
2N2929 2Nl143 2Nl561 2N2929 

PNP 2N3279 2N1195 2N1562 2N3279 
Ge 2N3280 2N2929 2Nl692 2N3280 

2N3281 2N3279 2N1693 2N3281 
2N3282 2N3280 2N2929 2N3282 
2N3283 2N3281 2N3783 
2N3284 2N3282 2N3784 
2N3285 2N3285 2N3785 
2N3286 2N3323 MM2503 
2N3323 2N3783 

70 Mc 2N3783 2N3784 
to 2N3784 2N3785 

400 Mc 2N3785 MM2503 
MM2503 

2N918 2N918 2N2949 2N918 
2N3287 2N3287 2N2951 2N3287 
2N3288 2N3288 2N3137 2N3288 

NPN 2N3289 2N3289 2N3309 2N3289 
Si 2N3290 2N3290 2N3290 

2N3291 2N3293 
2N3292 2N3298 
2N3293 
2N3294 

PNP 2N3307 2N3307 -- 2N3307 
Si 2N3308 2N3308 2N3308 

2N918 2N918 2N3309 2N918 
2N3287 2N3287 
2N3288 2N3288 

NPN 2N3289 2N3289 
Si 2Nl290 2N3290 

2N3291 2N3293 
2N3292 2N3544 
2N3293 

400 Mc 2N3294 
to 2N3544 

1 Ge 
PNP 2N3307 2N3307 - 2N3307 
Si 2N3308 2N3308 2N3308 

2N3783 2N3783 - 2N3783 
2N3784 2N3784 2N3784 

PNP 2N3785 2N3785 2N3785 
Ge MM2503 MM2503 MM2503 

NPN - -- 2N3309 --
Si 2N3664 

1 Ge PNP 2N3783 2N3783 -- 2N3783 Up Ge 2N3784 2N3784 2N3784 
2N3785 2N3785 2N3785 

MM2503 
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--Motorola High-Frequency Transistors -

SMALL SIGNAL RF DEVICE CHARACTERISTICS 

ABSOLUTE MAXIMUM ELECTRICAL CIRCUIT PERFORMANCE 
RATINGS 

PD 
Ambient VCB 

Type mW volts 

GERMANIUM PNP TYPES 

2N700 l 75 25 
2N700A 1 75 25 
2N741 150 15 
2N741A 150 20 

2N1141 (!: 300 35 
2N1142 300 30 
2N1143 300 25 
2Nl195 (!) 225 30 
2N2929 300 25 

2N3279 100 30 
2N3280 100 30 
2N3281 100 30 
2N3282 100 30 

2N3283 100 25 
2N3284 100 25 
2N3285 100 20 
2N3286 100 20 

2N3323 150 35 
2N3324 150 35 
2N3325 150 35 

2N3783 150 30 
2N3784 150 30 
2N3785 150 15 
MM2503 75 30 

SILICON NPN TYPES 

2N918 200 30 
2N3287 200 40 
2N3288 200 40 
2N3289 200 30 
2N3290 200 30 

2N3291 200 25 
2N3292 200 25 
2N3293 200 20 
2N3294 200 20 

MPS918 200 30 
MPS3563 200 30 

SILICON PNP TYPES 

2N869 360 25 
2N995 360 20 
2N3307 200 40 
2N3308 200 30 

(i) Available as MIL types 

® hfe 
@ Minimum value 

© Maximum value 

VEB 
volts 

0.2 
0.2 
1. 0 
1. 0 

1. 0 
o. 7 
0.5 
1. 0 
0. 75 

1. 0 
1. 0 
o. 5 
o. 5 

0. 5 
0.5 
o. 5 
o. 5 

3.0 
3.0 
3.0 

o. 5 
0.5 
o. 5 
0. 5 

3. 0 
3.0 
3. 0 
3.0 
3.0 

3.0 
3. 0 
3.0 
3.0 

3.0 
2. 0 

5. 0 
4. 0 
3.0 
3.0 

TJ 
•c 

100 
100 
100 
100 

100 
100 
100 
100 
100 

100 
100 
100 
100 

100 
100 
100 
100 

100 
100 
100 

100 
100 
100 
100 

200 
200 
200 
200 
200 

200 
200 
200 
200 

125 
125 

200 
200 
200 
200 

SMALL SIGNAL DEVICE 

TYPICAL PERFORMANCE 

CHARACTERISTICS 
cob fT Amplifier Oscillator 

hFE max typ 
Ge typ NF @ P0 min@r 

min/max pf Mc db db Mc mW me 

4/ - $ 1.4 500 23 6 70 - -
4/50 1. 4 800 23 6 70 - -

10/ - 10.0 360 22 7 30 - -
10/ - 10.0 360 22 7 30 - -
10/ - 1. 5 800 25 4.0 100 - -
10/ - 1. 5 800 24 4. 5 100 - -
10/ - 1. 5 800 24 5 100 - -
12/ - <2> 1. 5 800 25 4 100 - -
10/100 2. 5 1250 16 5. 5 200 - -
10/70 1. 0 500 20 2. 9 200 - -
10/70 1. 0 500 20 2. 9 200 - -
10/100 1. 2 400 20 4.0 200 - -
10/100 1. 2 400 20 4.0 200 - -
10/ - 1. 5 400 20 4.0 200 - -
10/ - 1. 5 400 20 5 200 - -
5/ - 1. 5 400 - - - 2 257 
5/ - 1. 5 400 18 5. 5 200 - -

30/200 3.0 360 13 - 100 - -
30/200 3. 0 360 29 - 10. 7 - -
30/200 3.0 360 30 - 1. 6 - -
20/200 1. 0 

8011 
2~ 2.2 D 200 - -

20/200 1. 0 700 3 20 3 2. 5 4 200 - -
15/200 1. 2 700 3 18~ 2. 9 4 200 - -
20/ - 2.0 1000 3 20~ 3.04 200 - -

20/ - 1. 7 900 18 7 200 40 500 
15/100 1.1 600 20 4.9 200 - -
15/100 1. 5 600 20 4.9 200 - -
10/150 1. 5 500 20 6 200 - -
10/150 1. 5 500 20 6 200 - -
10/ - 2. 0 600 20 6 200 - -
10/ - 2.0 600 20 7 200 - -
10/ - 2.Q 600 - - - 2 257 
10/ - 2.0 600 18 7 200 - -
20/ - 1. 7 - 15 6 200 30 500 
20/200 1. 7 - 14 - 200 - -

20/120 9 300 - - - - -
35/140 10 300 - - - - -
20/125 1.3 600 20 4.0 200 - -
10/175 1. 6 600 20 5.0 200 - -
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--Motorola High-Frequency Transistors -

LARGE SIGNAL RF APPLICATIONS SELECTOR GUIDE 

Power Amplifier Transistors Varactors 

Fre- Polarity 
15W< P quency and 

P0 < lW lW< po< 5W 5W<P~<l5W 0 
Range Material <50W 

Fre-
lW<P 50W<P quency 0 0 

Range <50W <IOOW 

PNP 2N1141 2N2832 '2N2832 2N2834 IN4386 1N4386 
2Nl142 1N4387 

Ge 2N1143 1N4388 
2N1195 
2N1561 
2Nl562 
2N1692 

1 Mc 2N1693 
to 2N2929 
10 Mc 

NPN 2N2949 2N2949 2N2947 2N2947 
2N2951 2N2950 2N2948 MF812 2N2952 

Si 2N3295 2N3296 2N3297 
2N3298 1 Mc 

PNP 2N2800 - - -
2N2801 

to 
300 Mc 

Si 2N2904 
2N2905 

PNP 2N1141 - - -
2N1142 

Ge 2N1143 
2N1195 
2Nl561 
2N1562 

10 Mc 2Nl692 
to 2N1693 
70 Mc 2N2929 

NPN 2N918 2N2949 2N2947 2N2947 
2N2949 2N2950 2N2948 MF812 

Si 2N2951 2N3296 2N3297 MF832 
2N2952 2N3309 
2N3295 
2N3298 
2N3309 

PNP 2N1141 - - -
2Nll42 

Ge 2N1143 
2Nl195 
2N1561 
2N1562 
2N2929 

NPN 2N918 2N2949 2N2947 2N2947 
2N2949 2N2950 2N2948 2N3632 

Si 2N2951 2N3296 2N3297 2N3818 

1N4387 -
IN4388 I 

70 Mc 2N2952 2N3309 2N3375 

to 2N3137 2N3309A 2N3632 

400 Mc 2N3295 2N3553 2N3818 
2N3298 2N3664 

300 Mc 
to 
600 Mc 

2N3309 2N3717 
2N3309A 2N3718 
MM1803 
MM1941 
MM1943 

PNP 2N2800 - - -
2N2801 

Si 2N2904 
2N2905 

400 Mc NPN 2N918 2N3309 - -
Up 2N3309 2N3309A 

Si 2N3309A 2N3664 

600 Mc 1N4388 -
to MV1808 
1000 Mc 

1 Ge Up MV1808 -
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-- Motorola High-Frequency Transistors--.-

LARGE SIGNAL RF DEVICE CHARACTERISTICS 

POWER AMPLIFIERS/OSCILLATORS 

ELECTRICAL 
CHARACTER-

ABSOLUTE MAXIMUM RATINGS ISTICS 

p cob IT c 
VCB VEB TJ Case typ max 

Type Watts Volts Volts 'C pf Mc 

PNP GERMANIUM 

2N1561 3. 0 25 3. 0 100 10 500 
2N 1562 3. 0 25 2. 0 100 10 450 
2NI692 3. 0 25 3, 0 100 IO 500 
?N1693 3. 0 25 2. 0 lOQ 10 450 

NPN SILICON 

2N 707 I. 0 56 4. 0 175 10 350 
2N 707A I. 2 70 5. 0 175 6 350 
2N2947 25 60 3. 0 175 60 200 
2N2948 25 40 2. 0 175 60 200 
2N2949 6. 0 60 3. 0 175 20 200 

2N2950 6. 0 60 3. 0 175 20 200 
2N295! 3. 0 60 5 175 8 400 
2N2952 I. 8 60 5 175 8 400 

2N3137 2. 0 40 4 200 3. 5 500 min 

2N3298 I. 0 25 3 175 6 400 
2N3309 3. 5 50 3 175 10 500 

2N3309A 5. 0 60 4 200 6 -
2N3375 1 I. 6 65 4 200 IO 500 
2N3553 7 65 4 200 10 500 
2N3632 23 65 4 200 20 400 

2N3664 5 60 4 175 6 300 min 

2N3717 7. 5 60 4 200 10 250 min 
2N3718 10. 0 60 4 200 10 250 min 
2N3818 25 60 4 175 40 150 min 
MF812 60 60 3 175 150 -
MF832 40 60 3 175 100 -

MM1803 2. 0 50 5 200 3. 5 500 min 
MM1941 o. 6 30 3 175 2. 5 800 
MM1943 0. 6 40 3 175 4 700 

PNP SILICON 

2N2800 3 50 5 200 25 120® 
2N2801 3 50 5 200 25 120@ 
2N2904 3 60 5 200 8 200 
2N2905 3 60 5 200 8 200 

LINEAR AMPLIFIERS (NPN SILICON) 

ABSOLUTE MAXIMUM ELECTRICAL 
RATINGS CHARACTERISTICS 

p 
c cob fT 

VCB VEB TJ hFE case max typ 
Type watts volts volts c min pf Mc 

2N3295 2 60 5 175 20 8 400 
2N3296 6 60 3 175 5 20 200 
2N3297 25 60 3 175 2. 5 60 200 

8-22 

CIRCUIT PERFORMANCE 

Amplifier Oscillator 
P 0 min @f P min @f 

0 -

wattsj Mc Watts I Mc 

0. 5 160~ - -
0. 4 160@ - -
0. 5 160G - -
0. 4 16012) - -

0. 2 100 - -
0. 4 100 - -

15 50 - -
15 30 - -
3. 5 50 - -
3. 5 50 - -
0. 6 50 - -
0. 6 50 - -
0. 4 250 - -
- - 0. 06 80 
2. 0 250 - -
2. 2 250 - -
7. 5 100 2. 5~ 500 
2. 5 175 I. 5 3 500 

13. 5 175 - -
2. 2 250 - -
2 175 - -
2 175 - -

15 100 - -
30 30 - -
30 50 - -

0. 56 250 - -
0, 1 175 0. 05 80 
0. 3 175 - -

- - - -
- - - -
- - - -
- - - -

CIRCUIT PERFORMANCE 

p 
out 

min 
watts 

0.3m 3 4 
12 4 

G I e m 
min min f 
db db Mc 

14 30 30 
I6 30 30 
IO 30 30 

@3 MINIMUM VALUE 
@ TYPICAL VALUE 
© PEP, TWO 

TONE SSB TEST 
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--Motorola High-Frequency Transistors -

LARGE SIGNAL RF DEVICE CHARACTERISTICS (continued) 

SILICON VARACTOR DIODES 

MAXIMUM 
RATINGS ELECTRICAL CHARACTERISTICS @25°C 

PD 
(Tc = 75°C) TJ 

Type watts "C 

1N4386 25 175 
1N4387 20 175 
1N4388 10 175 

MV1808 5. 5 200 

Typical Value 

CT (CT= CJ+ CC) 

fin = 50 Mc, n - 65 % min 

fin= 150 Mc, n = 50% min 

fin= 500 Mc, n = 55% min 

fin - 1000 Mc, n = 50% min 

R8 max T CJ max T Q min 
BVR min 

(IR = 10 µA) (V R = 6 Vdc, f = 50 me) 

volts ohms 

250 I. 5 
150 I. 5 
100 2.0 
75 0. 5 

LARGE SIGNAL DEVICE 
TYPICAL PERFORMANCE 

pf -

50 75 
35 150 
20 ® 200 
7.5@ 1100(!) 

2N2951 Pin= 0. lW ~ ~Pin= o: BW 111 

Multiplier 
P 0 min@f 

Watts Mc 

32. 5 150~ 15 450 4 
11 1000 
6 2000 6 

2N3309, 2N3664 
0. 51===2N1692Pin 125 mW C-.. ,,,,_ ~ P. _ 0.4W++----t----1 

rs: 13: r1111+-11---+---I 
~: :>----t---+-~t---+--+-+-<b,J~""+--MM1943 ~ IS:LJi.a63JT_; 100 mW-+---1 

0.1 ', Pin= 50 mw-1'- l J_ J J'1J 
JO 20 30 50 70 JOO 200 300 500 700 JOOO 2000 3000 

FREQUENCY (Mc) 
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Maxi .. 
mum 

VCEO 
(for Si) 

VCES 
(for Ge) 
Volts 

7 
8 

10 

12 

15 

20 

30 

35 

I 40 

50 

60 

80 

JOO 

120 

150 

175 

300 

- Motorola High-Frequency Transistors -

SMALL SIGNAL AMPLIFIER AND OSCILLATOR TRANSISTORS 
-TO 10 MC: 

CURRENT GAi N (h.e)-VOLTAGl <Vee) RELATIONSHIP 

Minimum bC Current Gain {hFE) 

11 FE > 15 hFE > 20 hFE,25 hFE > 30 hFE > 40 11 rE > 50 11 FE 5" 100 

PNPSi PNPGe NPNSi PNPGe PNPSi PNPSi NPNS! PNPs1 -;;;NSi I PNP.oe L!'.!iPS. ::iiPS\ hlbMo· 

- 2N971 - 2N975 - - - - - 2N975 -
- - - - - - - - 2N3493 - - - -
- - 2N706 - - - 2N708 - - - - - 2N2959 

2N3510 2N914 2N3!16 
2N3647 2N3511 2N3227 
MPS706 2N3648 2N3509 

2N1991 2N969 MP$3563 2N711 - 2N3248 - 2N3248 - 2N965 2N3248 2N3249 -
2N970 2N96! MPS2894 2N966 

2N962 2N967 
2N963 2N973 

2N974 

- 2N968 - 2N705 - - - - 2N2369 2N964 - - -2N710 2N964A 
2N960 2N972 

- 2NJ204 2N835 2N2635 - - 2N916 - 2N9!6 2N238! - - 2N2959 
2Nl494 2N2195 2N2958 2N2958 2N3116 

2N2195A 2N3115 2N3115 2N3227 
2N2195B 2N3508 2N3508 2N3509 

- - 2N834 - - - 2N697 - 2N697 - - 2NJ420 
2N2217 2N222i 2N718 2N2219 
2N2220 2N3252 2N22!8 2N2222 
MPS834 2N2221 

2Nll31 - - - - 2N722 - 2N3!33 - - 2N260! 2N3!34 
2N1132 2N3!35 2N2838 2N3J36 
2N2800 

L2N280! 
2Nll32A 2Nl495 2N2!94 2Nl495 - 2Nll32A 2N718A 2N2904 2N718A 2N2382 2N3244 2N2905 2N956 

2N1496 2N2194A 2N!496 2N3245 2Nl613 2N2906 2Nl6!3 2N2957 2N3250 2N2907 2N17!1 
2N2955 2N21948 2N2 955 2N2218A 2N3485 2N22184 2N3251 2N2192 
2N2956 2N3253 2N2956 2N2221A 2N2221A 2N3486 2N2192A 

2N3506 2N3506 2N2192B 
2N2219A 
2N2222A 

- - 2N3444 - - - 2N3507 - 2N9!5 - - - 2N3499 
2N2!93 
2N2193A 
2N2!93B 

- - - - - - - 2N2905A 
2N2907A 
2N3251A 
2N3486A 

2Nl132B 2Nl!32B 2N2904A 2N3250A 2N3798 MCS2135 
2N2906A 2N3799 l\!CS2!36 
2N3485A MCS2137 

MCS2138 
2N3494 - - - - 2N3494 - 2N3494 - - - - -
2N3496 2NS496 2N3496 

- - 2N3498 - - 2N3498 - 2N3498 - - - 2N3499 
2N3495 - - 2N3495 - 2N3495 2N3634 2N3635 
2N3497 2N3497 2N3497 

- - 2N3500 - - - 2N3500 - 2N3500 - - - JiN350! 
2N3636 - - - - 2N3636 - 2N3636 - - 2N3636 2N3637 -

- - 2N3742 2N3743 - - - - - - - -
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Type 

2N697 
2N706 
2N708 
2N718 
2N718A 
2N753 
2N834 
2N835 
2N914 
2N915 
2N916 
2N956 

2N1420 
2Nl613 
2N1711 
2N2192 
2N2192A 
2N2192B 

2N2193 
2N2193A 
2N2193B 
2N2194 
2N2194A 
2N2194B 

2N2195 
2N2195A 
2N2195B 
2N2217 
2N2218 
2N2218A 
2N2219 
2N2219A 
2N2220 

2N2221 
2N2221A 
2N2222 
2N2222A 

2N2369 
2N2958 
2N2959 
2N3115 
2N3116 
2N3227 

2N3252 
2N3253 
2N3444 
2N3493 

2N3498 
2N3499 
2N3500 
2N3501 
2N3506 
2N3507 

*VCER 

--Motorola High-Frequency Transistors --

VCEO 
Volts 

40* 
20* 
15 
40* 
50* 
15 
30 
20 
15 
50 
25 
50* 

30* 
50* 
50* 
40 
40 
40 

50 
50 
50 
40 
40 
40 

25 
25 
25 
30 
30 
40 
30 
40 
30 

30 
40 
30 
40 

15 
20 
20 
20 
20 
20 

30 
40 
50 
8 

100 
100 
150 
150 
40 
50 

NPN SILICON ANNULAR SMALL SIGNAL 
TRANSISTORS FOR FREQUENCIES TO 10 MC 

hFE @IC hie@ IC and f 

mA mA Mc 

40/120 150 2. 5 50 20 
20 10 2 10 100 
30/120 10 3 10 100 
40/120 150 2. 5 50 20 
40/120 T 30 1 1 kc 
40/120 2 10 100 
25 3. 5 10 100 
20 10 3 10 100 
30/120 l 3 20 100 
15/200 - - -
15/200 - - -

100/300 150 70 5 1 kc 

100/300 2. 5 50 20 
40/120 35 5 1 kc 

100/300 70 5 1 kc 
100/300 2. 5 50 20 
100/300 2. 5 50 20 
100/300 2. 5 50 20 

40/120 2. 5 50 20 
40/120 2. 5 50 20 
40/120 2. 5 50 20 
20/60 2. 5 50 20 
20/60 2. 5 50 20 
20/60 2. 5 50 20 

20 150 2. 5 50 20 
20 2. 5 50 20 
20 2. 5 50 20 
20/60 2. 5 20 100 
40/120 2. 5 20 100 
40/120 2. 5 20 100 

100/300 2. 5 20 100 
100/300 2. 5 20 100 
20/60 2. 5 20 100 

40/120 2. 5 20 100 
40/120 2. 5 20 100 

100/300 2. 5 20 100 
100/300 2. 5 20 100 

40/120 10 5 10 100 
401120 I - - -

100/300 150 - - -
40/120 - - -

100/300 J_ - - -
100/300 10 5 10 100 

30/90 s1o - - -
25/75 - - -
20/60 _J_ - - -
40/120 0. 5 4 1 100 

401120 T 1. 5 20 100 
100/300 150 1. 5 20 100 
40/120 _J_ 1. 5 20 100 

100/300 1. 5 20 100 
40/1201500 - - -
30/150 - - -
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PD@ 

cob 25 'C 
Ambient 

pf mW 

35 600 
6 300 
6 360 

35 400 
25 500 

5 300 
4 300 
4 300 
6 360 
3. 5 360 
6 360 

25 500 

35 600 
25 800 
25 800 
20 800 
20 800 
20 800 

20 800 
20 800 
20 800 
20 800 
20 800 
20 800 

20 800 
20 800 
20 800 
8 800 
8 800 
8 800 
8 800 
8 800 
8 500 

8 500 
8 500 
8 500 
8 500 

4 360 
8 600 
8 600 
8 400 
8 400 
4 360 

12 1000 
12 1000 
12 1000 
0. 7 150 

10 1000 
10 1000 
8 1000 
8 1000 

40 1000 
40 1000 
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--Motorola High-Frequency Transistors --

NPN SILICON ANNULAR SMALL SIGNAL TRANSISTORS (continued) 

VCEO 
Type Volts 

2N3508 20 
2N3509 20 
2N3510 10 
2N3511 15 
2N3647 10 
2N3648 15 
2N3742 300 

MCS2135 60 
MCS2136 60 

MPS706 20* 
MPS834 30 

MPS2923 25 
MPS2924 25 
MPS2925 25 

MPS3563 12 

*VCER 

VCEO 
Type Volts 

2N722 35 
2N1131 35 
2Nl 132 35 
2N1132A 40 
2N1132B 60 

2N1991 20 
2N2800 35 
2N2801 35 
2N2837 35 
2N2838 35 

2N2904 40 
2N2904A 60 
2N2905 40 
2N2905A 60 
2N2906 40 

2N2906A 60 
2N2907 40 
2N2907A 60 
2N3133 35 
2N3134 35 

2N3135 35 
2N3136 35 
2N3244 40 
2N3245 50 
2N3248 12 

2N3249 12 
2N3250 40 
2N3250A 60 
2N3251 40 
2N3251A 60 

hFE @IC hfe@ IC and f 

mA mA Mc 

40/120 10 5 10 10 
100/300 10 5 10 10 

251150 T 3. 5 15 100 
30/120 150 4. 5 15 100 
25/150 J_ 3. 5 15 100 
30/120 4. 5 15 JOO 
20/200 30 1. 5 10 20 

100/300 0. 1 1 o. 5 30 
250/750 0.1 1 o. 5 30 

20/ - 10 2 10 100 
25/ - 10 3. 5 10 100 

---- 90 2 1 kc 
---- J50 2 1 kc 
---- 235 2 1 kc 

20/200 8 6 8 JOO 

PNP SILICON ANNULAR SMALL SIGNAL 
TRANSISTORS FOR FREQUENCIES TO 10 MC 

hFE@ 1c hie@ IC and f 

30/90 

150lA 

30 5 mA 1 kc 
20/45 2. 5 50 mA 20 Mc 
30/90 30 5 mA l kc 
30/90 30 5 mA 1 kc 
30/90 30 5 mA l kc 

15/60 2 50 mA 20 Mc 
30/90 - -
75/225 150 mA - -
30/90 - -
75/225 - -
40/120 25 IL T 40/120 40 

J00/300 J50 mA 50 J kc 
100/300 100 l l 40/120 25 

40/120 40 
ltA lL 100/300 50 

100/300 150 mA 100 I I 
40/120 l - - -

100/300 - - -
40/120 150 mA - - -

100/300 150 mA - - -
50/ 150 500 mA - - -
30/90 500 mA - - -
50/150 10 mA - - -

100/300 

+ 
- - T 50/150 50 t 

50/150 50 1 mA 1 kc 
100/300 100 l I 100/300 100 
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PD@ 

cob 25°C 
Ambient 

pf mW 

4 400 
4 400 
4 360 
4 360 
4 400 
4 400 
6 1000 

3 150 
3 150 

6 300 
4 300 

12 200 
12 200 
12 200 

1. 7 200 

cob PD @25°C 

pf Ambient mW 

45 400 
45 600 
45 600 
30 600 
30 600 

45 600 
25 800 
25 800 
25 500 
25 500 

8 600 
8 600 
8 600 
8 600 
8 400 

8 400 
8 400 
8 400 

10 600 
10 600 

10 400 
10 400 
25 1000 
25 1000 

8 360 

8 360 
6 360 
6 360 
6 360 
6 360 



--Motorola High-Frequency Transistors --

PNP SILICON ANNULAR SMALL SIGNAL TRANSISTORS (continued) 

Type 

2N3485 
2N3485A 
2N3486 
2N3486A 
2N3494 

2N3495 
2N3496 
2N3497 
2N3634 
2N3635 

2N3636 
2N3637 
2N3743 
2N3798 
2N3799 

MCS2J37 
MCS2J38 

MPS2894 

Type 

2N705 
2N7JO 
2N711 
2N960 
2N961 

2N962 
2N963 
2N964 
2N964A 
2N965 

2N966 
2N967 
2N968 
2N969 
2N970 

2N971 
2N972 
2N973 
2N974 
2N975 

2N1204 
2NJ494 
2N1495 
2N1496 
2N2381 

2N2382 
2N2635 
2N2955 
2N2956 
2N2957 

VCEO 
hFE@ IC hfo@ IC and f Volts 

40 40/J20 T - - -
60 40/J20 - - -
40 J00/300 J50 rnA - - -
60 J00/300 _L - - -
80 40 JO rnA 40 JO rnA J kc 

J20 40 
lOlA 

40 

JrnA 
1 80 40 40 

J20 40 ___!.__ 40 J kc 
J40 50/J50 50 rnA 40 j j J40 J00/300 50 rnA 80 

J 75 50/J50 50 rnA 40 }mA 1 
J 75 J00/300 50 rnA 80 J kc 
300 25/250 30 rnA 30 I I 

60 J50/450 0. 5 rnA J50 
JrA 1Ic 60 300/900 0. 5 rnA 300 

60 J00/300 JOO J 0. 5rA 30Mc 
60 250/750 µA J I 
J2 40/J50 30 rnA 4 30 rnA 100 Mc 

PNP GERMANIUM SMALL SIGNAL 
TRANSISTORS FOR FREQUENCIES TO 10 MC 

VCES IC 
hFE@ IC Volts mA 

15 50 25 1 J5 50 25 
12 50 20 10 mA 
J5 JOO 20 
12 100 20 

12 JOO 20 
J2 JOO 20 
15 100 40 10 mA 
15 JOO 40 
J2 100 40 

12 100 40 
12 100 40 
15 50 J7 JO rnA 
12 50 J7 
J2 50. 17 

7 50 17 
15 50 40 
12 50 40 

10 rA 12 50 40 
7 50 40 

20 500 15 400 mA 
20 500 J5 400 rnA 
40 500 25~ 
40 500 25 2oolA 
30 500 40 

45 500 40 200 mA 
30 JOO 30 100 mA 
40 JOO 20-r 
40 JOO 30 JjmA 
40 100 60 
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cob PD @25°C 

pf Ambient mW 

8 400 
8 400 
8 400 
8 400 
7 600 

6 600 
7 400 
6 400 

JO JOOO 
JO 1000 

10 1000 
JO JOOO 
J5 JOOO 

4 360 
4 360 

3 J50 
3 J50 

6 300 

r P~ 0: 25°C - Ob LJ 

pf Ambient mW 

- J50 
- 150 
- J50 
4 J50 
4 150 

4 J50 
5 150 
4 J50 
4 J50 
4 J50 

4 150 
5 150 
9 150 
9 150 
9 150 

9 150 
9 150 
9 150 
9 150 
9 150 

6. 5 250 
6. 5 250 
6. 5 250 
6. 5 300 
6 300 

6 300 
5 J50 
4 J50 
4 J50 
4 J50 

I 
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-- Motorola High-Frequency Transistors --

2N697 
2N718 
2N1420 

VcER = 30-40 V 
fr= 300Mc 

CASE 22 
(T0-18) 

~, NPN silicon annular Star transistors for· medium
current switching and amplifier applications 

MAXIMUM RATINGS 

Characteristics Symbol Rating Unit 

Collector-Base Voltage VcBO 60 Vdc 

----
Collector-Emitter Voltage VCER Vdc 

2N697, 2N718 40 
2Nl420 30 

Emitter-Base Voltage VEBO 5 Vdc 

2N697 
2Nl420 2N718 
T0-5 T0-18 ---- --- ---

Total Device Dissipation at 
25°C Case Temperature PD 3 1.5 Watts 

Derating Factor Above 25oc 20 10 mw/ 0 c ---- --- ---
Total Device Dissipation at 

25°C Ambient Temperatures PD 0.6 0.4 Watts 
Derating Factor Above 25°C 4. 0 2.66 mw/ 0 c ----
Junction Temperature Ti + 175 oc 

Storage Temperature range Tstg -65 to + 300 oc 

ELECTRICAL CHARACTERISTICS Cat 25'C unless otherwise noted) 

Characteristics 

Collector Cutoff Current 
(VcB = 30 Vdc, IE= 0) 
(VcB = 30 Vdc, IE= 0, TA= 150'C) 

Collector-Base Breakdown Voltage 
(IC = 100 µAde, IE= 0) 

Collector-Emitter Breakdown Voltage 
(le = 100 mAdc, pulsed; RB ~ 10 Ohms) 

2B697, 2N718 
2Nl420 

Collector-Emitter Saturation Voltage• 
(le= 150 mAdc, IB = 15 mAdc) 

Base-Emitter Saturation Voltage* 
(le= 150 mAdc, IB = 15 mAdc) 

Symbol 

ICBO 

BVCBO 

BVCER 

VCE(sat) 

VBE(sat) 
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Min. Typ. Max. Unit 

µAde 
. 001 1. 0 

· 100 ------
Vdc 

60 -----
Vdc 

40 
30 --

Vdc 
0.3 1. 5 

Vdc 
l. 3 



- Motorola High-Frequency Transistors -

2N697, 2N178, 2N1420 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic symbol 

DC Forward Current Transfer Ratio• hFE 
(le= 1 mAdc, VcE = 10 Vdc) 

2N697, 2N718 
2Nl420 

(le = 150 mAdc, VcE = 10 Vdc) 
2N697, 2N718 
2Nl420 

(le = 500 mAdc, VcE = 10 Vdc) 
2N697. 2N718 
2Nl420 

Small Signal Forward Current Transfer Ratio 
(le • 50 mAdc, VcE = 10 Vdc, f = 20 me) 

hfe 

Output Capacitance cob 
(VCB z 10 Vdc, IE = O) 

2N700,A 

Min 

40 
100 

2. 5 

Typ Max Unit 

20 
35 

120 
300 

20 
35 --
15 --

pf 
35 

Vcao = 25 V 
G0 = 20 db @ 70 Mc 
NF= 10db@70Mc 

PNP germanium mesa transistors for oscillator, 
CASE 21 frequency multiplier, wide-band mixer and wide-band 

(T0-17) amplifier applications. 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Collector-Base Voltage Vcao 25 Vdc 

Collector-Emitter Voltage VcE;O• Vdc 
2N700 20 
2N700A 25 

Emitter-Base Voltage VEB 0.2 Vdc 

Collector DC Current Ic 50 mAdc 

Jwicti911 Temperature TJ 100 oc 

Storage Temperature Tstg ·65 to +100 Oc 

Total Device Dissipation Po 75 mW 
at 25oc Ambient 

(Derate 1 mw/0c above 25°C) 

8-29 
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--Motorola High-Frequency.Transistors --

2N700,A (continued) 

ELECTRICAL CHARACTERISTICS <T• = 25°C Unless Otherwise Noteci) 

Characteristic I Symbol I Test Conditions I I Mini Typ I Max I Unit 
Collector-Base 

BVCBO Ic = 100 µAde, IE = 0 All Types 25 32 - Vdc 
Breakdown.Voltage 

Collector-
Emitter 

BVcEo Ic = 100 µAde, IB = 0 2N700 20 - - Vdc Breakdown 
Voltage 2N700A 25 - -
Emitter-Base 

BVEBO IE = 100 µAde, 1c = 0 All Types 0.2 0.5 Vdc Breakdown Voltage -
Collector Cutoff 1cBo VCB = 6 Vdc, IE = 0 All Types - 0.4 2 µAde 
Current 

VCB = 6 Vdc, IE = o, TA= s5oc 2N700 60 150 -
2N700A - - 50 

Small Signal 
Forward Current hfe IE= 2 mAdc, VcE = 6 Vdc, f = 1 kc All Types 4 10 - -
Transfer Ratio 

IE= 5 mAdc, VcE = 6 Vdc, f = 1 kc 2N700A - - 50 -
IE = 2 mAdc, VcE = 6 Vdc, f = 200 me 2N700 2.6 7 - db 

2N700A 5 - - db 

Input Impedance bib IE = 2 mAdc, VcB = 6 Vdc, f = 1 kc All Types - 17 30 Ohms 

Base Resistance I 
IE = 2 mAdc, VcB =.6 Vdc, f = 300 me All Types 55 100 Ohms rb -

Collector-Base 
Cob V CB = 6 Vdc, IE = 0, f = 100 kc 2N700 1.1 1.5 pf 

~toutCaoacit~ce -
~grounded 2N700A - - 1.4 

Power Gain Ge IE = 2 mAdc, VcB = 6 Vdc, f = 70 me 
2N700 20 23 - db 

(neutralized) 2N700A 22 - -
Noise Figure NF All Types - 6 10 db 

Power Gain Ge IE = 2 mAdc, VcB = 6 Vdc, f = 30 me 

(neutralized) 2N700A 26 - - l 

POWER GAIN, CURRENT GAIN, 
& NOISE FIGURE vs. FREQUENCY 

CURRENT-GAIN-BANDWIDTH PRODUCT 
vs CURRENT AND VOLTAGE 

f, FREQUENCY (me) 

~ 1000 ~,--,---,-.,-,--,--,-,--,-T-,--T T,-,-T~T 

~ soor-r-t-t-t-t-::t;:..l--l--r-F'•~@r:::::-v,r,=-,-,6rv,dcr-1 

I 500 JLt:1V1_..V-+-M-+--+-++-+-v,-+. ~-+,,-=+2-m ... Ad-c H 

z 4001-.V--+-+-+-+-+-+-+--+--+--+--+--+--+--+--

: 200 ~J--+--+--+--+--+--+--+--+--+--+--+--+--+--+---1 
" o'-"-"-"-"-"-"-"-"'-"'-"-"-"'-"-"'-"'o JO 12 14 16 

lh EMITTER CURRENT (mAdc) 

VcB• COLLECTOR - BASE VOLTAGE (VOLTS) 
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--Motorola High-Frequency Transistors --

2N705 

~ 

VcEs = 15 V 
le= SOmA 

ft = 900 Mc Typ 

CASE 22 \\ 
(T0-18) 

PNP germanium mesa transistor for high- speed 
switching applications. 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Emitter Current 

Junction Temperature 

Storage Temperature 

Collector Dissipation @ 25 ° C Case Temp. 
(Derate 4 mW/°C above 25°C) 

Collector Dissipation in Free Air 

NORMALIZED D.C. CURRENT GAIN 
versus COLLECTOR CURRENT 

1g l--.1----1.--1---1---1--'---'----l---1 
6 
4 ~ Ve~ = 1 Vdc __,_ _ _.. _ _...._.,___.,___...___. 

2.01--.1----1.--1---1---1--'---'----l---1 

le, COLLECTOR CURRENT (mAdc) 
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Symbol 

VCBO 

VCES 

VEBO 

IC 

IE 

TJ 

Tstg 

Pc 

Pc 

~ 

Rating 

15 

15 

3.5 

50 

50 

100 

·65°C to +l00°C 

300 

150 

COLLECTOR SATURATION VOLTAGE 
versus AMBIENT TEMPERATURE 

"',,. o.2s I _....,.. 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

oc 

oc 

mW 

mW 

.-- lc=25mA~ 
0 l---+---+=--"""'1--+--+---+-1---' ~ 

~ 0.21--~-¥__..---:::__-+--1--+--+--=--4.i---__ 
~ ..,,,.- le= 10 mAdc L----1--
~ .---V' 
~ 0

·
15 

.___ -i .... i---__ +---1----+-----+''_1_'· _= _10,____. 

"' _; O.lL---'---'---'--'----'---'---' 
.} -75 -50 -25 +zs +so + 1s + 100 

T ..,, AMBIENT TEMPERATURE (°C) 
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-- Motorola High-Frequency Transistors --

2N705 (continued) 

ELECTRICAL CHARACTERISTICS (At 2s 0 c unless otherwise noted 1 

Characteristic 

Collector-Base Breajcdown Voltage 
(IC = 100 µAde, IE = O) 

Collector-Emitter Brel\kdown Voltage 
(ICE = 100 µAde, V BE = 0) 

Emitter-Base Brel\kdown Voltage 
(IE = 100 µAde, IC = 0) 

Collector Cutoff Current 
(V CB = 5 Vdc, ~E = 0) 

DC Forward Current Transfer Ratio 
(V CE = . 3 Vdc, IC = 10 mAdc) 

Collector Saturation Voltage 
(IB = . 4 mAdc, IC = 10 mAdc) 

(IB = 5 mAdc, IC = 50 mAdc) 

Base-Emitter Voltage 
(1s = . 4 mAdc, IC = 10 mAdc) 

Small Signal Forward Current Transfer Ratio 
(V CE= 1. 0 Vdc, IC = 10 mAdc, f = 100 me) 

Collector Capacitance 
(V CB = 10 Vdc, IE = 0, f = 1 me) 

Input Capacitance 
(VEB = 2 Vdc) 

Common Base Alpha Cutoff Frequency 
(V CB = 5 Vdc, IC = 10 mAdc) 

Delay + Rise Time 
(IC = 10 mAdc, 1s = 1 mAdc) 

Storage Time 
(IBl = 1. 0 mAdc, 1s2 = . 25 mAdc) 

Fall Time 
(IBl = 1. 0 mAdc, 1s2 = . 25 mAdc) 

STORAGE TIME versus CIRCUIT CURRfNT RATIO 
100~------------"----

le .=:- 25 mAdc 

500 

~ ffi 400 

" 

Symbol Min Typ Max Unit 

BVCBO 15 - - Vdc 

BVCES 15 - - Vdc 

BVEBO 3.5 - - Vdc 

1CBO - 0.2 3 µAde 

hFE 25 40 - -

V CE(sat) - 0. 18 0.3 Vdc 

- 0.45 -

VBE 0.34 0.39 0.44 Vdc 

hfe - 9 - db 

cob - 5.0 - pf 

cib - 3.5 - pf 

fab - 300 - me 

td +tr - 55 75 nsec 

t - 65 100 nsec s 

tf - 70 100 nsec 

CURRENT GAIN-BANDWIDTH PRODUCT (h) 
versus COLLECTOR CURRENT 

[._...-- -T, 
~ GOL------'--~----------1--· r,, 

~ 40r-- . - R, -

10 15 

lc/11 ,, CIRCUIT CURRENT RATIO 

25"C 

I K !l -
20 

g 30 

1:1 
x 
~ 20 

~ 
~ 
z 10 

~ 

07 

07 

0 

0 
0 
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Vc1 :o. I Vdc 

T.., = 25°C 

10 20 30 40 50 

le. COLLECTOR CURRENT (mAdc) 



-- Motorola High-Frequency Transistors --

2N706,A,B 
2N753 

Vceo = 15 V 
hFE = 20·40 
fr= 400Mc 

CASE 22 
(T0-18) 

NPN silicon annular switching transistors for high
speed switching applications. 

MAXIMUM RATINGS 

Characteristic Symbol 

Collector- Base Voltage Yes 

Collector-Emitter Voltage VCER' 

Emitter-Base Voltage 2N706 VEB 
2N706A 
2N706B 
2N753 

Junction Temperature Tj 

Storage Temperature Tstg 

Total Device Dissipation Po 
at 250 C Case Temperature 

(Derate 6. 67 mW/OC above 2s0 c) 

~1°~i10 ~vl~b?~~r~:~~rature PD 

(Derate 2 mw/oc above 25°C) 

Total Device Dissipation PD 
at 100°c Case Temperature 

(Derate 6. 67 mw/0 c above JOOOC) 

•Refers to collector brl'akdown voltage jn the high current region when Rh~= l0f1. 

Pulse Volts 
Internal Resistance 

::n20~ LBK 
-2V 

SWITCHING TIME TEST CIRCUIT STORAGE TIME TEST CIRCUIT 
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Rating Unit 

25 Volts 

20 Volts 

3 Volts 
5 Volts 
5 Volts 
5 Volts 

175 oc 

-65 to +175 oc 

----
I. 0 Watt 

----
0.3 Watt 

----
0. 5 Watt 

Vee::::+ lOVdc 

MEASUREMENT CIRCUIT 

I 
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-- Motorola High-Frequency Transistors --

2N706,A,B, 2N753. (continued) 

ELECTRICAL CHARACTERISTICS (At 2s 0 c unless otherwise noted) 

Characteristic Type 

Collector Cutoff Current 
(YcB = 15Ydc. IE= O) All Types 
(YcB = 15Yde, IE= 0, TA= 150 °C) All Types 

(Yes= 25Yde, lE = O) 2N706A, 2N706S, 
2N753 

Collector-Emitter Cutoff Current 
(YCE = 20Yde, Rbe = lOOk) 2N706A, 2N706S, 

2N753 

Emitter Cutoff Current 
(VES = 3Vde, le = O) 2N706 
(YES = 5Yde, le = 0) 2N706A, 2N706S, 

2N753 
Collector-Emitter Breakdown Voltage* 

( le = lOmAde,IB = O) All Types 

Collector-Emitter Breakdown Voltage* 
(R = 10 ohms, le = lOmAde) All Types 

Forward-Current Transfer Ratio* 
(le = lOmAde, YeE = lYde) 2N706 

2N706A, 2N706S, 
2N753 

Base-Emitter Voltage* 
(le= lOmAde, lB = lmAde) 2N706 

2N706A, 2N706S, 
2N753 

Collector Saturation Voltage* 
Oe = lOmAde, Is = lmAde) 2N706, 2N706A 

2N706S 
2N753 

Oc = 50mAdc, Is= 5mAde) 2N753 

C(~~~t~r 5~1c~cl~~c5 2N706A, 2N706S, 
2N753 

(Yes= lOYde, IE = 0) !N706 

Small-Signal Forward Current Transfer Ratio 
(YeE = 15Yde, IE= lOmAde, 
I= IOOme) All types 

Current Gain-Bandwidth Product 
(VCE = 15Vdc, IE = 10mAdc, 
I= lOOme) All types 

Base Resistance 
(Y CE = 15Yde, IE = lOmAde, 
I= 300me) 2N706S 

Charge storage Time Corlstan"t 
(See Figure 2) 2N706 

2N706A 
2N753 

Storage Time 2N706B 

Turn-On Time All types 

Turn-Off Time All Types 

*Pulse Test: PW~ 12 nsec, Duty Cycle~ 2% 
••Switching Times Measured with Tektronix Type R P/ug~ln 

(50{] Internal Impedance) and Circuits Shown Below. 
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Symbol Min 

1CBO 

-

---
lCER 

---
lEBO -

-
--

BYeEO' 
15 --

SYeER' 
20 --

hFE * 
20 
20 
40 

YBE(sat)' 
-

0. 7 --YeE(sat)* 
-
-
-
---

Cob 

-
---

hfe 

2 --
l.r 

---
rb 

---
T •• s -

-
---

Is ---ton•• ---
ton•• -

Typ 

005 
3 

----
----
-
-

---
24 ---
48 ---
20 
40 
----

0. 75 

0. 75 

0. 3 
0. 3 
0.18 
0. 3 ---
4. 5 
5 ---
4 ---

400 --
39 --

16 
16 
19 --
19 --
30 --
50 

Max Unit 

0. 5 
µAde 

30 

10 --- --·-
µAde 

10 

--- ---
10 

µAde 

10 

--- ---
Yde -

--- ---
Yde 

---- ----
-
60 

120 --- ---
Yde 

0. 9 

0.9 --- ---Yde 
0. 6 
0.4 
0.6 
---- ---

pf 

5 
6 --- ----
--------

me 

---- ---
ohms 

50 --- ---nsec 
60 
25 
35 --- ---25 nsec --- ---
40 nsec ---75 nsec 



--Motorola High-Frequency Transistors --

2N707,A fmax = 600Mc 
P0 = 200-400 mW@ 100 Mc 

~ 
CASE 22 \\ 

(T0-18) 

NPN germanium epitaxial mesa transistors for VHF 
oscillator and class C amplifier applications. 

MAXIMUM RATINGS 

Characteristic Symbol Ralina Unit 
2N707 2N707A 

Collector-Base Voltage Vcso 56 70 Vdc --- ------- ---
Collector-Emitter Voltage VcEO 28* 40:j: Vdc 

--- -------
Emitter-Base Voltage Veso 4 5 Vdc 

--- ------- ---
Total Device Dissipation at 25°C Case Temperature Po 1.0 1.2 Watt 

(Derate above 25°C) 6.67 8 mW/°C --- ------- ---
Total Device Dissipation at 25°C Ambient Temperature Po 0.3 0.5 Watt 

(De rate above 25°C) 2 3.33 --- ---
Junction & Storage Temperature Range Tj, Tstg -65to+175 oc 

•Refers to Collector Breakdown Voltage in the high current region when Rhe ~ 10 ohms. + Vcm 

50 fl 

Lz 

180 pf 2N707 (Note i) 
2N707A 

son 

5 turns #14 wire wound on 
1/2" diall'eter. 
2 turns 1114 wire wound on L.1 . 

2) 

0.001 µf 

.01 µf 

+Vee 

Note 1 
Note 2 
Note 3 

Note 4 

4-30 
pf 

3: 1 
Air 
Core 

50 " 
Output 

Heat sink is required. 
Adjust for Class C operation. 
Very High conductance silicon 
diode. 

Adjust Vee for proper VcE 

100 MC, CLASS C, COMMON BASE AMPLIFIER 

8-35 

I 



----- Motorola High-Frequency Transistors -

2N707,A (continued) 

ELECTRICAL CHARACTERISTICS <At 2s•c unless otherwise noted> 

Characteristic Symbol Min TJP Mal Unit 

Collector-Base. Breakdown Voltage BVcso Vdc 
(Ic; = 10 /l Ade, IE = 'o) 2N707 56 --- ---

2N707A 70 --- ------ -- --- -
Collector-Emitter Breakdown Voltage BVcER Vdc 

(Ic = 10 mAdc, R = 10 ohms) 2N707 28 --- ------ --- - -Collector~Emitter Breakdown Voltage• BVcEo* Vdc 
Oc = 20 mAdc, 18 = 0) 2N707A 40 --- ---- --- - ---Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE = 100 llAdc, 1c = 0) 2N707A 5 --- ------ - --- -Collector Cutoff Current 1cso /lAdC 
!Vcs = 15 Vdc, IE= O) 2N707 --- 0.005 5 
(Vcs = 15 Vdc, IE= 0, TA = + 150°C) 2N707 --- 3.0 ---
(Vcs = 30 Vdc, IE= 0) 2N707A --- .01 1.0 
<vcs = 30 Vdc, IE = o, TA = 15o0 c) 2N707A --- 5 100 --- - --- -Emitter Cutoff Current 1EBO llAdc 
(VEB = 4 Vdc, le; = 0) 2N707 --- --- 10 
!VEB = 5 Vdc, le= 0) 2N707A --- --- 100 --- --- --- ---Forward Current Transfer Ratio hFE ---
(Ic = 10 mAdc, VcE = 1 Vdc) 2N707 9 12 ---

2N707A 9 --- 50 --- --- --- ---

I 
Collector Saturation Voltage VcE(sat) Vdc 

(le = 10 mAdc, Is = 1 mAdc) --- 0.18 0.6 --- --- --- ---
Base-Emitter Saturation Voltage VBE(sat) Vdc 

(Ic = 10 mAdc, Is = 1 mAdc) --- 0.75 0.9 --- --- -- ---Collector Capacitance Cob pf 
(V CB = 10 Vdc, IE = 0) 2N707 --- 4.0 10.0 
!Vcs = 5 Vdc, IE= 0)2N707A --- 4.0 6.0 --- --- --- ---Current Gain-Bandwidth Product fT me 
(VcE = 10 Vdc, IE = 15 mAdc) 70 350 ---- - --- ---

Maximum Frequency of Oscillation fmax --- 600 --- me --- --- --- ---
r'bcc Product r'bCC psec 

(Vcs = 10 Vdc, le = 10 mAdc, f = 4 me) --- 80 ------ --- --- ---
Power Output, 100-mc, Common Base, Pout mW 

Class-C Amplifier (Figure l) 
(V CE = 20 Vdc, Pm = 50 mW) All Types 200 300 ---
(VcE = 40 Vdc, Pm =175 mW) 2N707A 400 --- ------ -- --- ---

100-mc Oscillator Efficiency % 
(VcE = 28 Vdc, Ic = 40 mAdc) --- 38 ---

*:i'ulse Test 300 /lSec, 2% duty cycle 
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--Motorola High-Frequency Transistors --

2N708 Vceo = 15 V 
fr = 450 Mc Typ 

CASE 22 
(T0-18) 

~ ..... '. \\ NPN silicon annular transistor for high-speed switch
ing applications. 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 
Collector-Base Voltage VCBO 40 Vdc 

Collector-Emitter Voltage VcEO 15 Vdc 

Emitter-Base Voltage VEBO 5.0 Vdc 

Total Device Dissipation 
PD watts 

25" C Case Temperature l. 2 
(Derate 6. 9 mW/°C above 25"C) 

100' C Case Temperature 0.68 
(Derate 6. 9 mW/"C above l00°C) 

Total Device Dissipation Po Watts 
25'C Ambient Temperature 0.36 

(Derate 2 mwt·c above 25 C) 

Jwiction Temperature TJ + 200 oc 
Storage Temperature Tstg -65 to +300 'C 

ELECTRICAL CHARACTERISTICS (at 25°C unless otherwise specified) 

Characteristic Sym Min TJP ·Max Unit 

Collector Cutoff Current Icao µAde 
(Vca=20Vde, IE =O) - . 005 025 
(Vea= 20 Vde, IE= o, TA= 150°c) - - 15 

Emitter Cutoff Current 1EBO µ.Ade 
(VEa = 4. 0 Vde, le= O) - - .08 

Collector-Base Breakdown Voltage BVcao Vde 
(Jc= 1.0 µAde, IE= 0) 40 - -

Collector-Emitter Breakdown Voltage av CEO Vde 
(le = 30 mAde, le = O) 15 - -

Collector-Emitter Breakdown Voltage avCER Vde 
(IC = 30 mAdc, RBE :i 10 0) 20 - -

Emitter-Base Breakdown Voltage avEaO Vde 
(IE = 10 µAde, le = 0) 5. 0 - -

Forward Current Transfer Ratio hFE -
(le= 0.5 mAdc, VcE = 1.0 Vde) 15 - -
(le = 10 mAde, V CE = 1. 0 Vde)* 30 - 120 
Uc = 10 mAdc, VcE = 1. o Vdc, TA= -55°C)* 15 - -

Small Signal Forward Current Transfer Ratio hie -
(le = 10 mAde, V CE = 10 Vde, f = 100 me) 3. 0 4. 5 -

Collector Saturation Voltage VcE(sat) Vde 
Cle = 10 mAde, la = 1. o mAde) - o. 2 0.4 
(le= 7.0 mAdc, Ia= o. 7 mAdc, TA= -55 to 125°C) - - o. 40 

Base-Emitter Saturation Voltage VBE(sat} Vde 
Cle = 10 mAde, Ia = 1. o mAde) o. 72 - 0. 80 
Cle • 7. O mAdc, la= O. 7 mAde, TA= -55°C) - - 0.90 

Output Capacitance Cob pf 
(Vea. 10 Vde, IE = 0) - 3.0 6.0 

Storage Time (Figure l) ts nsee 
(le = Ia1 = la2 = 10 mAde) - 15 25 

Collector Current le EX µAde 
(VcE = 20 Vdc, VaE = o. 25 Vde, TA= 125°C) - - 10 

Base Resistance rb' Ohms 
(Ic • 10 mAde, V CE = 10 Vde, f = 300 me) - - 50 

• Pulse Test: Pulse width ~ 300 usec, duty cycle ::ii 2% 

8-37 



I 

-- Motorola High-Frequency Transistors --

2N710 Vces= 15V 
lc=50mA 

CASE 22 
(T0-18) 

~, PNP germanium mesa transistor for saturated and 
and non-saturated switching applications. 

MAXIMUM RATINGS (At 25°C unless otherwise noted) 

Characteristic Symbol Rating Unit 

Collector to Base Voltage VcBo 15 Vdc 

Collector to Emitter Voltage VcEs 15 Vdc 

Emitter to Base Voltage VEBO 2 Vdc 

Collector Current Io 50 mAdc 

Emitter Current Im 50 mAdc 

Junction Temperature Ti 100 oc 
Storage Temperature T.,. -65to +100 oc 
Collector Dissipation @ 25°C Case Temp. 

(Derate 4mW /°C above 25°C) 
Po 300 mW 

Collector Dissipation in Free Air Pc 150 mW 

ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 

Cbaracteristlc Symbol Min Typ Max U1lt 

Collector to Base Break.down Voltage BVceo 15 - - Vdc 
lc=-IOO~dc,h=O 

Collector to Emitter Breakdown Voltage 
Jes= -lOOµAdc, Vu= 0 

BVcss 15 - - Vdc 

Emitter to Base Breakdown Voltage 
Is= -lOOJLAdc1 le= 0 

BVsao 2 - - Vdc 

Collector Cutoff Current lceo -
Vee= -6Vdc, IB = 0 

0.2 3 ,.Ade 

Forward Current Transfer Ratio hrs 25 - - -
Yes= -.5Vdc, le= -!Om.Ade 

Collector Saturation Voltage 
Ill= -0.4mAdc, le= -Wm.Ade 

Vca( .. t) - - 0.5 Vdc 

Base to Emitter Voltage 
le = -.4mAdc, le = -!Om.Ade 

v •• 0.34 0.42 0.5 Vdc 

Delay +Rise Time (Fig. I) 
Ia= -1.0mAdc,lc= -lOmAdc 

r.+t. - 60 75 nsec 

St·~~~c).!&~~~ls. = .25mAdc 
t, - 65 100 nsec 

Fall Time (Fig. 1) 
la1-= -lmAdc9ls1 = .25mAdc " - 70 100 nsec 
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-- Motorola High-Frequency Transistors --

2N711,A,B Vceo =7V 
le= 50-100 mA 

f1 = 300-320 Mc Typ 

CASE 22 
(T0-18) 

PNP germanium mesa transistors for high-speed 
switching applications. 

MAXIMUM RATINGS 

Characteristic Symbol 2N711 2N711A 2N711B Unit 
Collector-Base Voltage VcBo 12 15 18 Vdc 

Collector-Emitter Voltage VCES 12 14 15 Vdc 

Collector-Emitter Voltage VcEO - 7 7 Vdc 

Emitter-Base Voltage VEBO 1 1.5 2 Vdc 

Collector Current (Continuous) le 50 100 100 mAdc 

Emitter Current (Continuous) IE 50 100 100 mAdc 

Junction Temperature TJ 100 oc 

Storage Temperature Tstg --65 to+lOO oc 

Device Dissipation@ Tc = 25°C Po 300 mW 

Derating factor above 25°C 4 mWiC 

Device Dissipation @ TA = 25°c Po 150 mW 

Derating factor above 25° C 2 mW/°C 
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- Motorola Hi9h-Frequency Transistors -

2N711 ,A,B (continued) 

ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 

Characteristics Symbol Min 
Collector-Bue BreUdown Volt.ace BVceo 

Uc• 100 l.IAda, IJi.l"' O) 2N711 12 
2N'711A " (Ic • ZO µAde, IE "' 0) 2?f7118 18 

Colleator>-Emltter BreaRSown Voltqe BVc:ao;:s 
(Jc• loo •Adel ZN711 12 

2N7U4 H 
Uc• ao 1.1Adc) ZN'1118 1• 

Collector-Emitter Breakdown Voltage evcs:o 
(lc• 15m.Mc,Ie '"O) ZN711A, ZN'1UB 7 

Emitter-Bue breakdown Voltage BVr;eo 
(IE "' 0.1 mAdc, 1c "' 0) ZN'lll 1.0 

2N'111A u 
00118 2.0 

Coll~tor-Bue Cutoff Current 'cso 
(Vee .. I Vele, Ig .. 0) zmu -2N'711A -
(Vee .. 10 Vdc, IE = O) ZN7UB -

Emitter-Bue Cutoff Current i•so 
{Vg8 '" 1 Vdc) ZN'IUA -

2N7118 -
DC CUrreut Gain ••• (Jc .. 10 mAdc, VcE .. 0.$ Vdc) ZN'fll 20 

2N711.\ " ZN'711B 30 

{le .. 50 IDAdc, VcE .. 0.'1 Vdc) 2N711A, 2N'111B 40 

Collector Saturation Voltage VcE(aat) (Ic ., 10 aiAdc, Is • 0.15 mAdc) ZN711 -ZN711A: -
(le • 10 mAdc, 18 .. o.• li'!Ade) ZN'711B -
<Ic • so m.Adc, le "' 2 mAde) ZN711A -

2N'1U8 -
Sm&ll-Btcnal Current Gain ... Uc • 10 tnAdc, Veg .. 5 Vdc, f " 100 inc) 2N'1UA, 2N'111B 1.5 

Cle • 10 mAde, Veg "' 0,15 Vdc, f • 100 lllC) 2N711A 1.1 
2N'1UB 1.2 

Bue--Emitter Voltage V9E 
(Jc .. 10 mAdc, Ie • 0.4 m.\dc) 2N'111, 3N'1UA 0.34 

ZN711B 0.3' 

(le .. so mAdc, 18 .. 2 tnAdc) ZN?llA 0.45 
2N'111B 0.45 

Collector Output Capacltance "•• (Vee = 5 Vdc, 11 • o, f = 1 me) ZN'111A, 2N'1UB -
(VCB • 10 Vde, IE • O, f '" l mc) ZN?U -

Fall Time .. ! ZN?UA -FlgQre l: 2N7UB -l ZN?UA -
Figure 2: ZN7UB -

ZN711 -
Mtnorlty Curter storage Time .. l ZN'111A -Figluoe l: ZN?UB -I ZN?llA -Figure 2: ZN'711B -

ZN'711 -
Delay Plua Rl.8e Thne ..... 

Figure l: j ZN7UA, ZN'lllB -
Figure 2: { ~~~A, 2N'lllB --

SWITCHING CIRCUITS 

-H.ln-PACl<ARD 
MOOEt212A 
PULSE GEN. 

"I r 
-• ... H 

1..,see.-! I+-
12Vdc • 

l.02K 4220 

.01,.1 

";' NOTE:ALUESISTOR$:t:l% 

~ TOOROHlXS45 
OREQUIVAl.ENT 
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'""" 
+l.25V ov-11-
-S.4V 

ltlSE.lNOFAlLTIME<lnstc 
PUlSEWIOTH0.5..,sec 
SKLM00.5030REQUIVAl.ENT 

Typ 

---
--
-
-
---
o.• -
-

--.. ---
... ----
---

0.42 
-
--
-
5.0 

----
90 

--
--
" 
-
-
70 

' 

Max Unit 
Vdc ---
Vdc ---
Vdc -
Vdc --- .... 

3.0 
!.5 

1.• .... 
100 
20 

--150 
150 

-
Vdc 

o.s 
0.30 

0.25 

0.55 
0.45 

----
Vdc 

0.50 
0.45 

0.'15 
0.70 

pf 

• - .. .. 
150 
110 

110 
100 
150 .. .. 
150 
140 

120 
100 
200 .... 
100 

" 100 

-··"" 

--TElCTROft1XS41 
OR£QUIVAL£NT 



-- Motorola High-Frequency Transistors --

2N711,A,B (continued) 

COLLECTOR SATURATION VOLTAGE 
versus AMBIENT TEMPERATURE 

j 0.2 l---+-~-""f=----+--H--1--+--+--::-i 
.} 

-60 -40 -20 o +20 +40 +60 +80 +100 

T., AM81ENT TEMPERATURE (•C) 

NORMALIZED DC CURRENT GAIN 
versus COLLECTOR CURRENT 

10.0-...,-,~I~-l~~~--r-~-..-..,..,.---. 

a.01---++-+-+-+-H-++--l-+-+-IH---i 
6.0l--+-+-+-+--+--1-1-+-+---+--+-+-IH---1 

Ym=IVOL 
4.0 l--+-+-+-+--+--1-1-+-+---+--+-+-IH---1 

0.5 1.0 2.0 5.0 10.0 20.0 50.0 100.0 

le, COLLECTOR CURRENT (mAdc) 
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COLLECTOR SATURATION VOLTAGE 
STORAGE TIME versus CIRCUIT CURRENT RATIO 

0.41---+--+--+-++--!-+--+-+-+-I-+~ 

o.3t----t--t--t--++~-:"--,,--t---t--;lo"l..o!l++---t-1 

iiFY1 ,.. ~ 
0.2 t--;--r-t--tt,......._,,--:-:-t-t..,.';lllf'-t-t-H 

ff'i:-1 0.1 .... _....._ ................. _ ...... _ __._.._..._ ............ 
I 6810 20 

le/18 , CIRCUIT CURRENT RATIO 

40 60 80 100 

STORAGE TIME versus 
CIRCUIT CURRENT RATIO 

2so~--~--~---~---. 

I1so1---....+-----1-...,,.~+-----1 
"' "' ;:: 

~ 1001---+-_,,.'0::'t_--:-_+-__ -I 

~ 

o._ __ _._ __ ....... ___ ..._ __ _ 
0 5 10 15 

le/I,,. CIRCUIT CURRENT RATIO 
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--Motorola High-Frequency Transistors --

2N718 

For Specifications, See 2N697 Data Sheet 

2N718A 
2N956 
2N1613 
2N1711 

VcER = 50V 
fr = 300 Mc Typ 

NPN sillcon annular Star transistors for high-speed 
switching and DC to UHF amplifier applications. 

CASE 22 
(T0-18) 

2N718A 
2N956 

2N1613 
2Nl711 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Total Device Dissipation at 
25°C Case Temperature 

De rate 

Total Device Dissipation at 
25°C Ambient Temperature 

De rate 

Junction Temperature 

Storage Temperature 

Symbol 

Vcao 

VcER 

VEBO 

Po 

Po 

TJ 

Tstg 

8-42 

2N1613 2N718A 
2N1711 2N956 Unit 
(T0-5) (T0-18) 

75 75 Vdc 

50 50 Vdc 

7 7 Vdc 

3 1. 8 Watts 
17.1 10.3 mW/°C 

0. 8 0.5 Watt 
4.57 2.86 mW/°C 

-65 to +200 oc 

-65 to +300 oc 



--Motorola High-Frequency Transistors --

2N718A, 2N956, 2N1613, 2N1711 (continued) 

ELECTRICAL CHARACTERISTICS Cat 2s•c unless otherwise specified) 

Cbaractertatlc Symbol Min TJP ...,. Unit 

Collector CUtoff Current lcBo pAdc 
CV cs• 80 Vele, IE• 0) - .001 .01 

Collector Cltloff Current lcBo pAdc 
CVcB = 80 Vele, TA= 150°C) - - 10 

Emitter CUtoff Current 1EBO pAdc 
(VEB = 5 Vele, 1c = 0) 2N1813, 2N'f18A - - .010 

2N1TU, 2Nll58 - - .005 

Collector-Bue Breakdown Volllge BVCBO Vele 
Uc; = 100 pAdc, IE = O) T5 - -

Collector-Emitter Brealrdown Volllge BVcER Vele 
(1c = 100 mAdc, palsed; RBE :i 10 O) 50 - -

Emitter-Base Brealrdown Volllge BVEBO Vele 
(IE = 100 µAde, le • 0) T - -

Collector Saturation Voltage VcE(aat) Vele 
(le • 160 mAele, IB = 15 mAilc) - O.H 1.5 

Bue-Emitter Saturation Volllge VBE(aat)• Vele 
(1c • 150 mAdc, IB = 15 mAele) - 1. 0 1.3 

DC Forward Current Transfer Ratio hn -
(1c = • 01 mAele, VcE = 10 Vele) OOTU, 2Nll58 20 - -
(I(:= 0.1 mAdc. VcE = 10 Vele) 00813, 2NT18A 20 - -

2N1TU, 2Nll58 35 - -
(le= 10 mAdc, VCE = 10 Vele) 00813, 2NT18A 35 - -

OOTU, 2Nll58 T5 - -
('c=lOmAele, VcE•lOVdc, T_A =-55°C) 00813, 2N'f18A 20 - -

" 
00 TU, 2Nll58 35 - -('c = 150 mAele, VCE = 10 Vele) 00813, 2N'f18A 40 - 120 
2N1TU, llN958 100 - 300 

(1c = 500 mAdc, V CE = 10 Vele)* 00813, 2NT18A 20 - -
00 TU, llN958 40 - -

Output C&pu:ltance <rob pf 
CVcB = 10 Vele, IE= 0, f = 100 Ire) - 4 35 

Input C&pu:ltance ctb pl 

(VEB • 0. 5 Vele, 'c = 0, f = 100 Ire) - 20 80 

~ ~- l'Ol'WIU'CI GurriiitTl'llllllrer HaaO DfO -
CVcE=IOVele, le=50mAdc, f=20mc) 00813, 2NT18A 3.0 15 -

00 TU, llN958 3.5 15 -
CUrrentuam life -
(le• lmAdc, VCE=5Vele, f=l lrc) 2N1813, 2NT18A 30 - 100 

00 TU, 2Nll56 50 - 200 
(le=5mAdc, VcE=lOVele, f•l lrc) 00813, 2NT18A 35 - 150 

00 TU, llN958 TO - 300 

IDputReaistance hi.b Ohms 
(le= 1 mAdc, Vcs = 5 Vele, f = 1 lrc) H - 34 
(le • 5 mAclc, V CB • 10 Vele, f • 1 Ire) 4 - 8 

Voltage Feedlack Ratio hr!> -
(le= 1 mAdc, Yes= 5 Vele, f ··I Ire) 00813, 2NT18A - - 3 x 10-4 

00 TU, llN958 - - 5X to-4 
(le • 5 mAdc, V CB = 10 Vele, f = 1 Ire) 00813, 2N'f18A - - 3X 10-4 

00 TU, llN958 - - 5X 10-4 

outplt C-tance hob jPllllO 
(le• 1 mAdc, VCB • 5 Vele, f = 1 lrc) . 0.1 - 0.5 
(I(: = 5 mAdc, VcB = 10 Vele, f = l lrc) 0.1 - 1.0 

lllol8eFlgure NF db 
(V CB • 10 Vele, le • 300 pAdc, f • 1 lrc) 00813, 2N'f18A - - II 

OOTU, 2Nll58 - - 8 

"Jllai.e Teet - width :i 300 -
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-- Motorola High-Frequency Transistors --

2N722 
2N1132 ,A,B 
2N2303 

V CEO = 35-45 V 
le = 500-600 mA 

fr = 250 Mc Typ 

PNP silicon annular transistors for medium-current
switching applications. 

~~ 
CASE 22 CASE 31 

(T0-18) (T0-5) 

2Nl132,B 2N722 
2N2303 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Collector-Base Voltage vcBo Vdc 
2N722, 2Nll32, 2N2303 50 
2Nll32A 60 
2Nll32B 70 

Collector-Emitter Voltage VcEO Vdc 
2N722, 2Nll32, 2N2303 35 
2Nll32A 40 
2Nll32B 45 

Emitter-Base Voltage VEBO Vdc 
2N722, 2Nll32, 2Nll32A, 2NZ303 5 
2Nll32B 6 

Collector-Emitter Voltage VCER Vdc 
(RBE :i 10 11) 

50 2N722, 2Nll32, 2Nll32A, 2N2303 
2Nll32B 60 

Collector Current le mAdc 
2N2303 500 
2Nll32A, 2Nll32B 600 

Total Device Dissipation@ Tc = 25°c Po 
T0-5: 2Nll32, 2Nll32A, 2Nll32B, 2N2303 2 Watts 
Derating Factor Above 25°c 13.3 mw/0c 
T0-18: 2N722 1.5 Watts 
Derating Factor Above 25°c 10 mW/OC 

Total Device Dissipation (Q TA = 25°C Po 
T0-5: 2Nll32, 2Nll32A, 2Nll32B, 2N2303 0.6 Watt 
Derating Factor Above 25°c 4.0 mw/ 0 c . 
T0-18: 2N722 0.4 Watt 
Derating Factor Above 25°c 2.67 rnw; 0 c 

Junction Temperature TJ ·. +175 oc 

Storage Temperature Range Tstg -65 to+ 300 oc 
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-- Motorola High-Frequency Transistors --

2N722, 2N 1132,A,B, 2N2303 (continued) 

ELECTRICAL CHARACTERISTICS (At 2s 0 c ambient unless otherwise noted) 

Characteristic Types Symbol Min Max Unit 

Collector-Base Breakdown Voltage avCBO Vdc 
tic = 100 µAde, IE = O) 2N722, .2N1132, 2N2303 50 -

2N1132A 60 -
2N1132a 70 ----- --- --- ---

Emitter-Base Breakdown Voltage avEaO Vdc 
(IE = 100 µAde, le = 0) 2N722, 2N1132, 2N2303 5 -
(IE = l mAdc, le = O) 2N1132A 5 -

2N1132B 6 ----- --- --- ---
Collector-Emitter Breakdown Voltage av CEO Vdc 

(le = 100 mAdc pulsed) 2N722, 2N1132, 2N2303 35 -
2N1132A 40 -
2~1132B 50 ----- --- --- ---

Collector-Emitter Breakdown Voltage avCER Vdc 
(le = 100 mAdc pulsed, RBE ~ 10 Q) 2N722, 2N1132, A, 2N2303 50 -

2N1132a 60 ---- --- --- ---
Collector Cutoff Current 1cao /.I Ade 

(Vea = 30 Vdc, IE= 0) 2N722, 2N1132, 2N2303 - 1 

(Vea = 30 Vdc, IE= 0, TA= 150°c) 2N722, 2Nl132, 2N2303 - 100 

lVcB = 50 Vdc, IE= OJ 2N1132A - 0.5 
2N1132a - 0.01 

(Vea = 50 Vdc, IE= 0, TA = 150°C) 2N1132A - 50 
2N1132a - 10 

---- --- --- ---
Emitter Cutoff Current !EBO JJ.Adc 

lVEB = 5 Vdc, le= O) 2Nl132A - 100 
2Nl132B - 0.1 

(VEE= 2 Vdc, le= 0) 2N2303 - 100 

---- --- --- ---
DC Forward Current Transfer Ratio hFE -

tic= 5 mAdc, Vee= 10 Vdc) 2N722, 2Nl132, A, B 25 -
2N2303 75 -

(le= 150 mAdc, Vee = 10 Vdc) 2N722, 2N1132, A, B 30 90 
2N2303 75 200 ---- --- --- ---

Collector-Emitter Saturation Voltage VcE(sat) Vdc 
tic= 150 mAdc, la = 15 mAdc) All Types - 1.5 ---- --- --- ---

Base-Emitter Saturation -Voltage VBE(sat) Vdc 
tic• 150 mAdc, 18 = 15 mAdc) All Types - 1.3 ---- ---· --- ---

Output Capacitance Cob pf 

(VCB = 10 Vdc, IE= 0, f = 100 kc) 2N722, 2Nll32, 2N2303 - 45 

(VcB = 10 Vdc, IE= 0, f = 1 me) 2Nl132A, 2Nl132B - 30 

--- --- --- ---
Input Capacitance cib pf 

(VEE= 0.5 Vdc, IE = 0, f = 100 kc) All Types - 80 
---- ---· --- ---

Small-Signal Forward Current Transfer Ratio ~e -
tic= 1 mAdc, VcE = 5 Vdc, f = 1 kc) 2N722, 2Nl132 25 100 

2Nl132A, 2Nl132B 25 75 
2N2303 75 300 

tic= 5 mAdc, VcE = 10 Vdc, f = 1 kc) 2N722, 2Nl132, A, a 30 -
2N2303 75 ----- --- --- ---

Current-Gain - Bandwidth Product fT me 
(IC= 50 mAdc, VcE = 10 Vdc, f = 20 me) All Types 60 -

----· --- --- ---
Small Signal Input Resistance hib ohms 

tic= 1 mAdc, Vea= 5 Vdc, f = 1 kc) 25 35 

(le= 5 mAdc, Vea= 10 Vdc, f= 1 kc) 
All Types 

10 ---- --- --- ---
Small Signal Output Admittance hob µmhos 

(IC= 1 mAdc, VcE = 5 Vdc, f "' 1 kc) - 1 

(le= 5 mAdc, VcE = 10 Vdc, f = 1 kc) 
All Types 

5 ---- ---· --- -;;-;;=r-
Small Signal Voltage Feedback Ratio hrb 

tic= 1 mAdc, VCE = 5 Vdc, f = 1 kc) - 8 

(le= 5 mAdc, VcE = 10 Vdc, f = I kc) 
All Types 

8 -
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-- Motorola High-Frequency Transistors --

2N741,A 
Vceo = 15-20 V 
Ge= 16 db @ 30 Mc 
NF= 7 db @ 30 Mc 

I 

PNP germanium mesa transistors for oscillator, 
frequency multiplier and amplifier applications. 

CASE 22 
(T0-18) 

ABSOLUTE MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current (Cont1.1uous) 

Junction Temperature 

Storage Temperature 

Total Device Dissipation @ 25°C 
Case Temperature 

(Derate 4 mW/°C above 25°c) 

Total Device Dissipation @ 25°C 
Ambient Temperature 

(Derate 2 mW/°C) 

500 

POWER OUTPUT versus FREQUENCY, 
CLASS C AMPLIFIER' 

(See circuit below) 

LIMITED DUTY CYClf 

Symbol 

Veno 

VcEo 

VERO 

le 

TJ 

T,,. 

Pu 

p,, 

~ NOTE: DC power input ---- - is 800 to 1000 M•lliwatts --400 ---300 

' ~HIGH rsIT f'-. ' ~'.\ 

~ 

200 

100 

0 
10 20 30 40 50 60 80 100 

FREQUENCY {MEGACYCLES) 

200 300 

~ 
B 
z 
ii 
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Type Rating Unit 

2N741 15 
2N741A 20 

Vdc 

2N741 15 Vdc 
2N741A 20 

1.0 Vdc 

100 mAdc 

100 oc 

-65to +100 oc 

300 mW 

150 mW 

POWER GAIN AND COMMON EMITTER CURRENT GAIN 
versus FREQUENCY 

2s ~§···~.-~-m~~~TffiTfFR=fR 

~OWER AN 
24 

20 

16 

i2 ~- t----1 ~:;··f {:.::' ~ 
f-- I ·- 11 -· --+-- ·-.l-1---ll.:['§~-1----1-1--1 

o'---'-~-'-.J....!-'-~"---'--'-_._..~_.__....,.__.'-'-' 

1 4 6 10 20 40 60 100 200 400 1000 

FREQUENCY (MEGACYCLES) 



--Motorola High-Frequency Transistors --

2N741,A (continued) 

ELECTRICAL CHARACTERISTICS (at 2s 0 c unless otherwise specified) 

Characteristic 

Collector-Base Breakdown Voltage 
le= -100 J.LAdc 

Emitter-Base Breakdown Voltage 

Symbol Type 

BVcno 2N741 
2N741A 

Min 

15 
20 

LO 

Typ Max Unit 

Vdc 

Vdc 
le = 0, I.: = 100 J.LAdc 

-----------+---4---+---+---t---t·---i 
Collector-Emitter Cutoff Current 2N741 100 /.'Ade 

, VeE = -15 Vdc, v,,. = 0 
!>---------------------+ ----1-----+---+----+---+---1 

Collector-Emitter Cutoff Current 
VcE = -20 Vdc, VE11 = 0 

Collector Cutoff Current 
Vcs=-6Vdc,IE=0 

leso 

2N741A 

0.2 

1------------------+--~--l----t---- --------+-----jf----1 
Forward Current Transfer Ratio 10 25 

V c• = -6 Vdc, le= -5 mAdc 
--j -----, -----i -----1 ----j - ----1 

Small Signal Forward Current Transfer Ratio hr. 20 - - -
VcE = -6 Vdc, le= -5 mAdc, f = 1 kc 

·------------------ ------1 --- ----+----+---
_ ____, 

pf Collector output Capacitance c .• 6 10 
Veu = -6 Vdc, I.= 0, f= IOOkc 

t-----------------·---j ---- -----1 ----1 -----1 -

Collector Capacitance c. - 3 - pf 
V cu = -6 V de, 1. = 0, f = I 00 kc 

t-------------------+-----j---··---+-----+----+----+---

Input Impedance h •• 8 15 Ohms 
Veu = -6 Vdc, IE= 5 mAdc, f= I kc 

------------------+-·---+----'----+·----+---+-----1 
Output Admittance h •• 

Yes= -6 Vdc, IE= 5 mAdc, f =I kc 

Frequency at Which Common-Emitter 
Current Gain is Unity 

Yes= -6 Vdc, IE= 5 mAdc 

2N741 
2N741A 300 

45 

360 
360 

- J.Lmhos 

me 

--------------------+-----+----+.----r-----t-----J----1 
Base Resistance r'• 

Yes= -6 Vdc, I.= 5 mAdc, f = 300 me 

Noise Figure NF 
Veu = -6Vdc,1. = 5 mAdc, f = 30 me 

Power Gain, Matched, Neutralized PG. 
Yes= -6 Vdc, I.= 5 mAdc, f = 30 me 

2N741 
2N741A 

16 

75 
65 

7 

22 

Ohms 

db 

db 

------+-----1------1 ----1------+----+----i 
Power Output P. 2N741 

Vee= -6 Vdc, le= -60 mAdc 2N741A 
PG,= 8 db , f = 30 me 

Power Output 
Vee= -6 Vdc, le =-60 mAdc 
PG,= 5 db, f = 70 me 

P. 2N741A 
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200 
250 

200 

mW 

mW 
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--Motorola High-Frequency Transistors --

2N744 
VcEO = 12 V 
lc=200mA 
fr= 450Mc 

NPN silicon annular transistor for high-speed switch
ing applications. 

CASE 22 
(T0-18) 

ABSOLUTE MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage* 

Emitter-Base Voltage 

Collector DC Current 

Total Device Dissipation at 
25 C Case Temperature 
(Derate·6. 67 mW/ C above 25 C) 

Total Device Dissipation at 
25 C Ambient Temperature 
(Derate 2 mW/ C above 25 C 

Junction Temperat'ure 

Storage Temperature 

Symbol Rating 

VCBO 20 

VCEO 12 

VEBO 5 

Ic 200 

PD 1. 0 

Po 0. 3 

TJ •200 

Tstg -65 to +300 

*Refers to the voltage at which the magnitude of hFE approaches one when the 
emitter base diode is open-circuited. 

SWITCHING TIME TEST CIRCUIT 

___ C~5V 
-4V~--

400 

lK 

10 Vdc 
(Adjust for 
JC= 10 mAdc) 

IC=..:: +10 mAdc 
!Bl= +10 mAdc 
182 = --- IO mAdc 

MODEL 303 LUMATRON 
PULSE GENERATOR 
OR EQUIVALEIH 
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CHARGE STORAGE TEST CIRCUIT 

R4 

(HFR) 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watt 

Watt 

c 

c 

MODEL 12-AB 
LUMATRON 
OSCILLOSCOPE 
OR EQUIVALENT 



-- Motorola High-Frequency Transistors --

2N744 (continued) 

ELECTRICAL CHARACTERISTICS (At 25•c unless otherwise noted) 

cnaracteristlc Sym Min Typ Max Unit 

Collector Cutoff Current ICES µAde 
(VCE = 20 Vde, IE= O) - . 005 I. 0 
(VcE = 20 Vdc, la= o, TA= 11o··c) - - 100 

Collector Cutoff Current lcEX µAde 
(VcE = 10 Vdc, VaE = 0. 35 Vdc, TA= 100 ·c) - - 30 

Emitter Cutoff Current !EBO µAde 
(VEB = 5 Vde, le = 0) - - 10 

Collector-Emitter Breakdown Voltage av CEO Vde 
(le = IO mAdc, la = o)• 12 30 -

Forward Current Transfer Ratio hFE -
(le= I. o mAde, VcE = o. 25 Vde) 20 - -
(le = 10 mAde, VcE = O. 35 Vdc) 40 - 120 
(le = IO mAdc, VcE = o. 35 Vde, TA= -55 C) 20 - -
(Ic = 100 mAde, VcE = t. o Vdc)• 20 - -

Small Signal Forward Current Transfer Rat~o hie -
(le = 10 mAdc, VcE = 10 Vde, f = IOO me) 2. 8 4. 5 -

Base-Emitter Voltage VaE Vdc 
(le = 10 mAdc, la = 1 mAde) 0. 7 - o. 85 
Cle= 10 mAdc, la= 1 mAde, TA= -55'C) - - 1. 1 
(le = 100 mAde, la = 10 mAdc)• - - I. 5 
Uc= 100 mAde, la= IO mAde, TA= -55•c)• - - I. 6 

Collector-Emitter Saturation Voltage VcE(sat) Vde 
(le= 10 mAdc, la= 1 mAdc, TA= 170'C) - - o. 35 
Uc = 100 mAde, Ia= 10 mAdc, TA= 170°C)• - - I. 0 

Output Capacitance Cob pf 
(Vea= 5 Vde, IE= O) - 3. 0 5. 0 

Turn-on Time ton nsec 
(Condition 1) - 26 -
(Condition 2) - 10 16 
(Condition 3) - 7 -
(Condition 4) - 6 12 

Turn-off Time to ff nsec 
(Condition 1) - 30 -
(Condition 2) - 17 24 
(Condition 3) - 18 -
(Condition 4) - 23 45 

Charge Storage Time Constant TS nsec 
(le = 10 mAdc, la1 = -Ia2 = 10 mAdc) - - 18 

* Pulse Test· Pulse width < 300 µsec duty cycle < 2% = . = 

ton to!! 

CONDITION Ic ~l ~1 VaJ'~c\'ff) Vee R1 = R2 R3 R4 R5 Vaa VIN Vaa VIN 
rnA Vde !1 !1 !1 !1 v v v v 

1 3 1 -0. 5 -0. 9 3. 4 6. 8 K 50 1 K 0 -I. 8 IO. 2 8. 4 -M. 2 

2 10 3 -1. 5 -1. 5 3. 0 3. 3 K 50 220 0 -3. 0 15. 0 12. 0 -15 0 

3 50 15 -7. 5 -1. 8 4. 0 680 50 18 1 K -3. 5 15. 3 • 11. 7 -15. 3 

4 100 40 -20. 0 -2. 4 6. 0 330 56 0 lK -4. 5 20. 0 *15. 3 -20. 0 

*VBs is pulsed for 1. 5 sec ~ less than 10% duty cycle 
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--Motorola High-Frequency Transistors --

2N753 

For Specifications, See 2N706 Data Sheet 

2N827 
VcEs=20V 
le= lOOmA 

fr = 350 Mc Typ 

PNP germanium mesa transistor for high- speed 
switching applications. 

CASE 22 
(T0-18) 

ABSOLUTE MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collect~r-Emitter Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current (Continuous) 

Junction Temperature 

Storage Temperature 

Device Dissipation @ 25°C 
Ambient Temperature 
(Derate 2mW/0C above 250C) 

8-50 

Symbol Rating Unit 

VcBo 20 Vdc 

Ve Es 20 Vdc 

VCEX 10 Vdc 

VEBO 4 Vdc 

Ic 100 mAdc 

TJ +100 oc 

Tstg -65 to+ 100 oc 

Po 150 mW 



--Motorola High-Frequency Transistors --

2N827 (continued) 

ELECTRICAL CHARACTERISTICS (at 25'C unless otherwise soecified) 

I 
Characteristic 

Collector-Base Breakdown Voltage 
Oc =100 µAde, IE =0) 

Collector-Emitter Breakdown Voltage 
Oc= ioo µAde, VEs=O) 

Emitter-Base Breakdown Voltage 
(IE= 100 µAde, le= O) 

Collector Latch-up Voltage 

Collector-Emitter Cutoff Current 
(VCE =15 Vdc, VEB =0) 

Collector-Base Cutoff Current 
(Yes =15 Vdc,) 

DC Forward Current Transfer Ratio 
Oc = 10 mAdc, V CE= 0.3 Vdc) 

Collector-Emitter Saturation Voltage 
Oc =10 mAdc, ls =3.3 mAdc) 

Base-Emitter Voltage 
(1c =10 mAdc, 18 =3.3 mAdc) 

Small-Signal Forward Current Transfer Ratio 
Uc =10 mA, YcE=l v, f= 100 me) 

Collector Output Capacitance 
(Yes =10 v, IE=O, f=l me) 

Delay Time 

Rise Time 

Storage Time 

Fall Time 

GENERA TOR Zout = 50 n 
Yee= -3V 

lcs= -lOmAdc 
I 8, = -3.3mAdc 
I 82 = --:-3.3mAdc 

Symbol Min Typ 

I BVcso 
20 22 

BVCES 
20 22 

BVEBO 
4 5 

LVCEX 10 ---
1CES --- 0.5 

1cso --- 0.5 

hFE 
100 150 

VCE(sat) 
--- 0.16 

VBE 
--- 0.39 

hfe 
2.5 3.5 

cob --- 4 

td --- 10 

tr --- 10 

ts --- 15 

tf --- 15 

Max 

---

---

---
---

5 

5 

---

0.25 

0.5 

---

9 

15 

20 

30 

30 

INPUT PULSE t, = t, ~ 1 nsec 
INPUT PULSE WIDTH = 100 nsec 
150% DUTY CYCLE) 

SWITCHING TIME TEST CIRCUIT 

_)J 
v,E!o1 = +4Vdc 

SCOPE 

Z1N ~ 1 Megn 

C1N ~ 20pt 

t,~ l nsec 

8-51 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

µAde 

µAde 

---

Vdc 

Vdc 

---

pf 

nsec 

nsec 

nsec 

nsec 



I 

-- Motorola High-Frequency Transistors --

2N828 
Vces = 15 V 
lc=200mA 

fr = 400 Mc Typ 

\ 
PNP germanium epitaxial mesa transistor for high

speed switching applications. 

CASE 22 
(T0-18) 

ABSOLUTE MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 
Collector-Emitter Voltage 
Emitter-Base Voltage 
Collector DC Current 
Junction Temperature 
Storage Temperature 
Total Device Dissipation 
at 25°C Case Temperature 

(Derate 4 mW/°C above 25°C) 
Total Device Dissipation 
at 25°C Ambient Temperature 

(Derate 2 mW/°C above 25°C) ,______ 

Symbol 

Veno 

VcEs 

VERO 

I" 
TJ 

T,., 

Po 

Po 

INPUT WAVEFORM PULSE VOLTS 
INTERNAL RESISTANCE 

+"" 0--1-mr-
-5.4V 

SWITCHING TIME TEST CIRCUIT 

0--l.-----
INPUT WAVEFORM 

PULSE VOLTS 
INTERNAL RESISTANCE 

CHARGE STORAGE TIME TEST CIRCUIT 

OBSERVE 
+1.osv SCOPE TRIGGER INPUT HERE O.OlµF 

3K 

Ratl11 Unit 

15 Vdc 
15 Vdc 
2.5 Vdc 

200 mAdc 
100 oc 

-65 to +100 oc 

300 mW 

150 mW 

TYPER SAMPLING RESISTOR 
2800 20 0 

1 11 ~ = +0.25mA 

Ir = -lOmA 

-3Vdc (APPROX) 

(ADJUST FOR I,.= -lOmA) 

USE TEKTRONIX TYPER PLUG-IN 

TYPER SAMPLING RESISTOR 

9800 201l 

- lOVdc (APPROX) 

NOTEo (ADJUST FOR I,.= IOmA) 

1111 = -0.lOmA 

1 11 ~ = +lOmA 

Ir :::: -lOmA 

HEWLETI·PACKARD 
MODEL 185 SAMPLING 

OSCILLOSCOPE 

1251l 
HFR o_s--c_ rTrt ,. ..... ",~ " T • 1 ::: HFR O.OOlµF O.OOlµF 

STORAGE AND FALL TIME TEST CIRCUIT 0.1µ.F O.lµF 

- 7.5Vdc -3.0Vdc 
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-- Motorola High-Frequency Transistors --

2N828 (continued) 

ELECTRICAL CHARACTERISTICS <at 25°C unless otherwise specified) 

Characteristic 
~-

Collector-Base Breakdown Voltage 
h = 0, le= -100µAdc 

Collector-Emitter Breakdown Voltage 
VER= 0, le= -100 µAde 

Collector-Emitter Breakdown Voltage 
Is= 0, le =-1 mAde 

Emitter-Base Breakdown Voltage 
le= 0, h = -100 µAde 

Collector Cutoff Current 
IE= 0, Yee= -6 Vde 

Forward Current Transfer Ratio 
le= -10 mAde, 
VeE = -0.3 Vde 

Collector Saturation Voltage 
le= -10 mAdc, 
Is= -1 mAdc 

Collector Saturation Voltage 
le = -50 mAde, 
Is= -5 mAdc 

Base-Emitter Voltage 
le= -lOmA 

Collector Capacitance 
Im= 0, YeB = -lOVdc 

Small-Signal Forward Current 
Transfer Ratio 

le= -10 mAdc, 
VcE = -1Vdc,f=100 me 

Current Gain-Bandwidth Product 
YcE = -1 Vdc, 
le= -IOmAdc 

Delay Plus Rise Time 
Storage Time 
Fall Time 
Charge Storage Time Constant 
Rise Time 
Storage Time 
Fall Time 

SKL MODEL 503 
PULSE GENERATOR 

J_J 
INPUT WAVEFORM 

Symbol Min 

BYcBo 15 

BVcE" 15 

BY mo -

BY EBO 2.5 

leeo -

hFE 25 

YcE(,.t) -

Yrn( •• ,) -

VBE( •• t) 0.34 

Co• -

hr, 3 

fT 300 

t. + t, -
t. -
tr -
T, -
t, -
t. -
tr -

RISE TIME FACTOR 

51 n 
HFR 
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Typ 

25 

25 

10 

-

0.4 

40 

0.12 

0.18 

0.39 

3.5 

4 

400 

50 
33 
35 
14 
7 
5 
3 

O.lµF 

O.OOlµf 

Max Unit 

- Vdc 

- Vdc 

- Vdc 

- Vdc 

3 µAde 

- -

0.2 Vdc 

0.25 Vdc 

0.44 Vdc 

- pf 

- -

- me 

70 nsec 
50 nsec 
50 nsec 
25 nsec 
- nsec 
- nsec 
- nsec 

HEWLETT PACKARD 
MODEL 185 SAMPLING 

OSCILLOSCOPE 

125!! 
HFR 

-3.0Vdc 

I 
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-- Motorola High-Frequency Transistors --

2N828A 
2N829 

Vces= 15V 
le =200mA 
fr= 300 Mc Min 

PNP germanium epitaxial mesa transistors for high
s peed switching applications 

CASE 22 
(T0-18) 

MAXIMUM RATINGS 

Maximum Ratings 

Collector to Base Voltage 

Collector to Emitter Voltage 

Emitter to Base Voltage 

Collector Current (Continuous) 

Total Device Dissipation at 25°C case 

Temperature (Derate 4. Omw/°C above 25°C) 

Total Device Dissipation at 25°C 

Ambient Temperature (Derate 2._0mw/°C) 

Junction Temperature 

Storage Temperature 

Symbol 

VCBO 

VCES 

VEBO 

Ic 

PD 

PD 

T. 
J 

Tstg 

8-54 

Rating Unit 

15 Vdc 

15 Vdc 

2. 5 Vdc 

200 mAdc 

300 mW 

150 mW 

+100 'c 

-65 to +100 'C 



-- Motorola High-Frequency Transistors --

2N8 28A, 2N 829 (continued) 

ELECTRICAL CHARACTERISTICS (at 25°C ambient temperature unless otherwise noted) 

Characteristic Symbol Minimum Typical Maximum Unit 

Collector to Base Breakdown Voltage BVCBO 15 25 -- Vdc 

IE = O, IC = -lOOµAdc 

Collector to Emitter Breakdown BVCES 15 25 -- Vdc 

Voltage 

BEB = 0, IC = -lOOµAdc 

Emitter to Base Breakdown Voltage BVEBO 2. 5 -- -- Vdc 

IC = 0, IE = -100µ Ade 

Collector Cutoff Current 1CBO 
-- .4 3 µAde 

IE= 0, VCB = -6Vdc 

Forward Current Transfer Ratio hFE -- --
IC = -lOmAdc, V CE = -. 3Vdc 2N828A 25 40 

2N829 50 80 

Forward Current Transfer Ratio hfe -- --
IC= -150mAdc, V CE = -lVdc 2N828A 25 40 

2N829 50 80 

Collector Saturation Voltage V CE(sat) -- Vdc 

IC= -lOmAdc, IB = -1.0 mAdc 2N828A 0.11 0. 20 

IC = -lOmAdc, IB = -0. 5mAdc 2N829 0.11 0. 20 

Collector Saturation Voltage V CE(sat) -- -- 0. 25 Vdc 

IC = -50mAdc, 1s = -5. OmAdc 

Collector Saturation Voltage VCE(sat) -- Vdc 

·re = -150mAdc, IB = -15mAdc 2N828A 0. 35 0. 50 

le= -150mAdc, IB = -7. 5mAdc 2N829 0. 38 0. 50 

Base to Emitter Voltage VBE Vdc 

IC = -lOmAdc, IB = -lmAdc 2N828A 0. 34 0.40 0. 44 

IC = -lOmAdc, IB = -0. 5mAdc 2N829 . 30 0. 38 0.44 

Base to Emitter Voltage VBE -- Vdc 

re= -150mAdc, IB = -15mAdc 2N828A 0. 70 0. 85 

IC = -150mAdc, IB = -7. 5mAdc 2N829 0. 65 0. 85 

Collector Capacitance cob -- 2. 2 4 pf 

IE= 0, VCB = -6Vdc 
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.-.. -. - Motorola High-Frequency Transistors --
2N828A, 2N829 (continued) 
ELECTRICAL CHARACTERISTICS (continued) 

Characteristic 

Input Capacitance 

VEB = lVdc 

Small Signal Forward Current 
Transfer Ratio 

IC= -lOmAdc, VCE = -lVdc, f = lOOmc 

Current Gain Bandwidth Product 

V CE = -1 Vdc, IC = -lOmAdc, f = lOOmc 

Delay Plus Rise Time (Fig. 
IC= -lOmAdc 

Storage Time (Fig. 1) 
IC= -lOmAdc 

Fall Time (Fig. 1) 
IC= -lOmAdc 

Total Control Charge (Fig. 

IC= -lOmAdc 

Delay Plus Rise Time (Fig. 

IC = -150mAdc 

Turn Off Time (Fig. 2) 

IC = -150mAdc 

Total Control Charge (Fig. 

IC = -150mAdc 

1) 

3) 

2) 

4) 

SAMPLING 
RESISTOR 

280 20 

INPUT 
SIGNAL 

PULSE 
VOLTS 
INTERNAL 
RESISTANCE 

SCOPE vout 
+1. 25 Vdc 

-5. 4 VDC 

le 
181 = -lmAdc 
Is2 "'+O. 25mAdc 

VsE (O) = +1. 25Vdc 

SCOPE INPUT IMPEDANCE :: !Megohm 
SCOPE INPUT CAPACITANCE = 20pf 
GENERATOR OUTPUT IMPEDANCE = 50 ohms 
INPUT PULSE tr ::::i: tf = 2nsec 

lOmA SWITCHING TIME TEST CIRCUIT 
FIGURE 1 

*ADJUST V88 FOR -5. 4 VOLT PULSE AT POINT A 

300 
-3.!Vdc 

u 
-5. 4 Vdc 
AT POINT A 100 

Symbol 

cib 

hfe 

ft 

td+tr 

ts 

tf 

QT 

td+tr 

1off 

QT 

Minimum 

PULSE 
VOLTS 

--

3. 0 

300 

--

--

--

--

--

--

--

Typical 

2. 2 

4.0 

400 

35 

30 

30 

50 

25 

60 

120 

Maximum 

3. 5 

--

--

50 

50 

50 

80 

50 

100 

175 

SAMPLING 
RESISTOR 

48 2 

Unit 

pf 

--

Mc 

nsec 

nsec 

nsec 

pC 

nsec 

nsec 

PC 

INPUT INTERNAL 
SIGNAL RESISTANCE SCOPE Vout 

Ic "" -150mAdc +l. 9 Vdc o-u-
-8. 2 Vdc 

181 = -7. 5mAdc 
182 = +1. 9mAdc 
VsE(O). = +L 9Vdc 

SCOPE INPUT IMPEDANCE :::: !Megohm 
SCOPE INPUT CAPACITANCE = 20pf 
GENERATOR OUTPUT IMPEDANCE = 50 ohms 
INPUT PULSE tr = tf = 2nsec 

150mA SWITCHING TIME TEST CIRCUIT 
FIGURE 2 

*ADJUST Vaa FOR -8 VOLT PULSE AT POINT A 
50 

-7, 75 Vdc 

Vaa* 

u 
-8 Vdc 
AT POINT A 100 fHgRELAY -= 

- rr-- 9o% 20mV 

- _)103--!\..r<:..:_L MAX 

lOnsec MAX ..:I ~ f 
150mA TOTAL CONTROL CHARGE TEST CIRCUIT 

FIGURE 4 
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--Motorola High-Frequency Transistors --

2N834 
2N835 

V CES = 20-30 V 
le= 200mA 

fr = 500 Mc Typ 

CASE22 ~ 
(T0-18) \\ 

NPN silicon epitaxial mesa transistors for high
speed switching applications. 

MAXIMUM RATINGS 

Characteristic Symbal Type Ratin1 Unit 

Collector-Base Voltage Vcuo 2N834 40 Vdc 
2N835 25 Vdc 

Collector-Emitter Voltage VcEs 2N834 30 Vdc 
2N835 20 Vdc 

Emitter-Base Voltage VEBO 2N834 5 Vdc 
2N835 3 Vdc 

Collector Current le 200 mAdc 

Junction Temperature Ts +175 oc 
Storage Temperature T.t, -65 to +175 oc 
Total Device Dissipation @ Pn 1.0 Watt 

25°C Case Temperature 
(Derate 6.67 mw/°C above 25°C) 

Total Device Dissipation @ Pn 0.5 Watt 
100°C Case Temperature 
(Derate 6.67 mW/°C above 100°C) 

Total Device Dissipation @ Pn 0.3 Watt 
25°C Ambient Temperature 
(Derate 2 mW/°C) 

TURN-ON AND TURN-OFF TIME MEASUREMENT CIRCUIT CHARGE STORAGE TIME CONSTANT MEASUREMENT CIRCUIT 

... 

t..:V11=-4Ydc: r---r 
o•----'--t

v,.=+21"* 

0.1,d 

~~ ........ IM.-1 !--0 
'-· 

'··~·:u=+l8\ldl:: v,.~-19Vdc 

.n 
+UV 

+IOVd~ 

110 

"' 
0.11'1 

~.....-..Mr--"Nl---il--0 
'-· 

NOTE: All SWITCHING TIMES MEASURED WITH LUMATRON MODEL 420 SWITCHING TIME Tm S£T 01 EQUIVALENT. 
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-- Motorola High-Frequency Transistors --

2N834, 2N835 (continued) 

ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 

Chll'Khristlc 

Collector-Base Breakdown Voltage 
I. =0, le= 10,.Adc 

Emitter-Base Breikdown Voltage 
le= 0, Ia= 10,.Adc 

Collector Cutoff Current 
Vn = O,·Vca = 30Vdc 

Collector Cutoff Current 
VH = 0, Voz =20Vdc 

Collector Cutoff Current 
I,= 0, Vea= 20Vdc 

Collector Cutoff Current 
1. = o, Vea= 20Vdc, T. = +uo•c 

Forward Current Transfer Ratio (Note 1} 
Io= IOmAdc, Vo•= I Vdc 

Collector saturalion Voltage 
le= 10 mAdc, Ia= 1.0 mAdc 

Collector Saturation Voltage (Note 1) 
le =SO mAdc, Ia= S.O mAdc 

Base-Emitter Saturation Voltage (Note 1) 
le = I 0 mAdc, Ia = 1.0 mAdc 

Collector Capacitance 
Im =O, Vea= IOVdc,f= IOOkc 

Small Signal Forward Current Transfer Ratio 
le= 10 mAdc, Ves = 20 Vdc, f = 100 me 

Small Siana! Forward Current Transfer Ratio 
Io= 10 mAdc, Ve•= IS Vdc, f = 100 me 

Current Gain-Bandwidth Product 
Vem=20Vdc,le= IOmAdc,f= IOOmc 

Cu«ent Gain-Bandwidth Product 
Vo,= IS Vdc, Io= 10 mAdc, f = lOOmc 

Char1e.Stora1e Time Constant (fi1ure 2i Note 2) 

Turn-on Time (figure 1: Note 3) 

Tum-of! Time (Figure I; Note 3) 

Not• 1 - Pulsed CoAdltlons 
Pulse leqth :!!E 12 maec 
Duty C)'de ~ 29' 

RISE TIME FACTOR 

~ 
i.· ., 
iii 
'1 
~ 
<!'. 

~ 
~ 
ii 
oi 

2.0 

l.8 
l_ 

l.6 

1.4 

1.2 

l.O 
I 

l_ 
l 

~ 
~ 
~ 
~ 

"!-

10 20 

Srlllflol '"' Min '"' MH 0111 

BVoso 2N834 40 - - Vdc 
2N835 25 - - Vdc 

BVBBo 2N834 5 - - Vdc 
2N835 3 - - Vdc 

Icu 2N834 - - 10 ,,Ade 

lozs 2N835 - - 10 ,,Ade 

Iese - 0.01 0.5 ,,Ade 

Icao - 6 30 ,,Ade 

h •• 2N834 25 40 - -
2NB35 20 40 - -

Voa< .. 11 2N834 - 0.15 0.25 Vdc 
2N835 - 0.18 0.30 Vdc 

Vost .. u 2N834 - 0.28 0.4 Vdc 
2N835 - 0.35 - Vdc 

v •• , .. o - 0.74 0.9 Vdc 

c .. - 2.8 4.0 pl 

h .. 2N834 3.5 5.0 - -
h .. 2N835 3.0 4.5 - -

fr 2N834 350 500 - me 

fr 2N835 300 450 - me 

.. 2N834 - 14 25 .... 
2N835 - 16 35 nsec 

t.. 2N834 - 10 16 nsec 
2N835 - 11 20 nsec 

tou 2N834 - 16 30 nsec 
2N835 - 20 35 nsec 

Not•2-lc=lOmA Not•J-lc=10mA 
I1n=IB1= 10mA Ia1=l mA 

IB1=t mA 
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CHARACTERISTICS 
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-- Motorola High-Frequency Transistors --

2N838 
Vces = 30V 
le= lOOmA 
fr= 300Mc 

CASE 22 
(T0-18) \ PNP germanium epitaxial mesa transistor for high

speed switching applications. 

ABSOLUTE MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Collector-Emitter Voltage 
(see Figure 2) 

Emitter-Base Boltage 

Collector Current (Continuous) 

Junction Temperature 

Storage Temperature 

Device Dissipation @ 25°C 
Ambient Temperature 
(Derate 2mW/DC above 25oc) 

AREA OF PERMISSIBLE LOAD LOCI 

SWITCHING TIME TEST CIRCUIT 

§ 

Symbol Rating Unit 

Vcso 30 Vdc 

VcEs 30 Vdc 

VcEX 15 Vdc 

VEBO 2.5 Vdc 

Ic 100 mAdc 

TJ +100 OC 

Tstg -65 to+ 100 OC 

·-
PD 150 mW 

ioo 0 -,-,--,-"f?""""C'""?"'7"'-"""'""'""""""' 

LATCH-FREE 
LOAD LINE AREA 

Latch-up Free Operating Area. Latch-up is the 
failureofthecollectorpolentialforeturntolhe 
supply voltage upon turn-off. The curve shows 
the permissible operating area to a~o1d latch-up 
Load excursions must n_ot pass through the 
shaded area_ Excursions into the shaded area 
will not necessarily harm the transistor, but may 
produce the reduction in output voltage noted 

, above and cause high power diss1pat1on. 

z 601---+-+---+-~--+- W"//>'C~;;~:(~'(i~tch·UP Voltage Test Circuit 

~ 

0 40 l---+-+---+--1--

0 
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Vw COLLECTOR-EMITTER VOLTAGE (VOLTS) 

GENERATOR Z.,01 =SOD Vee= -3V 

INPUT PULSE t, = t1 :::;:: 1 nsec 
INPUT PULSE WIDTH= 100 nsec 
(50,% DUTY CYCLE) 

l.2Kn 

_:JI SlU l.2Kn 

Vs, 1oi = +4Vdc 

Vee= 10 Vdc 

I cs = - !OmAdc 
I e• = -3.3mAdc 
I 8, = +3.3mAdc 

SCOPE 

Z1N :=:::: 1 Megn 

C1N == 20 pf 
t, ~ 1 nsec 

I 



--Motorola High-Frequency Transistors --

2N838 (continued) 

ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 

Qonollrtstlc SJmal Min TJP Mal Unit 

Collector-Base Breakdown Voltage BVcBO Vele 
('c =100 µAde, IE •O) 30 35 

Collector-Emitter Breakdown Voltage BVcEs Vele 
(lc=IOO µAde, VEe=O) 30 35 

Emitter-Base Breakdown Voltage BVEBO Vele 
(IE= 100 µAde, le• O) 2.5 4.5 

Collector Latch-up Voltage LVCEX Vdc 
(see Figure 2) 15 

Collector-Emitter Cutott Current icES µAde 
(VcE •U Vde, VEB =O) 10 

Collector-Base Cutoff CUrrent lcBO µAde 

(Vce=15Vl 10 

DC Forward Current Transfer RaUo hFE 
(le • IOmAde, V CE= 0.3 Vde) 30 70 

Collector-Emitter Saturation Voltage Vcii:(sat) Vde 

('c -10 mAdc, le=3.3 mAdc) 0.1 0.18 

Base-Emitter Voltage VBE Vde 
('c = 10 mAdc, le= 3.3 mAdc) 0.39 0.5 

I Small-Signal Forward Current 'l'ransfer Ratio hie 
(lc=lO mA, VcE=lV, f=lOO me) 4.5 

Collector Output Capacitance cob pf 
(Vce·lO v, 1ro. f=l me) 

Delay Time 10 15 nsee 

Rise Time 15 nsee 

Storage Time ts 10 20 nsec 

Fall Time tr 10 20 nsee 
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--Motorola High-Frequency Transistors --

2N869 
2N995 

CA-SE 22 
(T0-18) 

V CBO = 20-25 V 
fr = 300 Mc Typ 

PNP silicon annular transistors for high-frequency 
general-purpose amplifier applications. 

ABSOLUTE MAXIMUM RATINGS 

Characteristics Symbol Type Rating Unit 

Base Voltage VcBo 2N869 25 Volts 
2N995 20 Volts ---

Collector-Emitter Voltage VcEO 2N869 18 Volts 
2N995 15 Volts 

---
Emitter-Base Voltage VEBO 2N869 5 Volts 

2N995 4 Volts ---
Total Device Dissipation Po Both 

at 25°c Case Temperature Types 1.2 Watts 
at too0c Case Temperature 0.68 Watt 
(l'.~er_ate 6.86 mw/0c above 250C) ---- ---

Total Device Dissipation PD Both 
at 25°c Ambient Temperature Types 0.36 watt 
(Derate 2.06 mw;oc above 25°c) ---

Storage Temperature T stg Both -65 to +200 oc 
Types 

---
Junction Temperature Tj Both +200 oc 

Types 
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- Motorola High-Frequency Transistors --

2N869, 2N995 (continued) 

ELECTRICAL 'CHARACTERISTICS (At25°Cunl"'oth"w;,.,notod) 

Characteristics Symbol Min Typ Max Unit 

Collector-Base Breakdown Voltage BVcBO Volts 
(Ic = 10 µAde, IE = 0) 2N869 25 --- ---

2N995 20 --- ---
Collector-Emitter Sustaining Voltage * V CEO (sust) * Volts 

(Ic = 10 mAdc, IB = 0) 2N869 18 --- ---
2N995 15 --- ---

Emitter-Base Breakdown Voltage BVEBO 
(IE = 10 µAde, le = 0) 2N869 5 --- --- Volts 

2N995 4 --- ---
Collector Cutoff Current 1CBO µAde 

(VCB = -15 Vdc, IE= O) 2N869 --- --- . 010 
2N995 --- --- . 005 

(VcB = -15 Vdc, IE = 0, TA= 150°C) Both Types --- --- 25 

Emitter Current 1EBO µAde 
(VEB = 4.0 Vdc, Ic = 0) 2N995 --- --- 10 

Collector Saturation Voltage VcE (sat) Volt 
Uc = 10 mAdc, IB = 1.0 mAdc) 2N869 --- o. 17 1.0 
(Ic = 20 mAdc, IB = 2.0 mAdc) 2N995 --- --- 0.2 

Base Saturation Voltage VBE (sat) Volt 
(le = 10 mAdc, IB = 1.0 mAdc) 2N869 --- 0.78 1.0 
(Ic = 20 mAdc, IB = 2.0 mAdc) 2N995 --- --- 0.95 

DC Forward-Current Transfer Ratio * hFE* ---
Uc = 10 mAdc, VcE = -5.0 Vdc) 2N869 20 --- 120 
(le = 1.0 mAdc, VcE = -1.0 Vdc) 2N995 25 --- ---

I 
(le = 20 mAdc, V CE = -1.0 Vdc) 2N995 35 --- 140 
(le = 50 mAdc. VcE = -1.0 Vdc) 2N995 25 --- ---

Open-Circuit Output Capacitance cob pf 
(VcB = -10 V, IE = O) 2N869 --- 3 9 

2N995 -· - 3 10 

Open-Circuit Input Capacitance Cib pf 
(VEB = -0.5 V, Ic = 0) Both Types --- 7 i1 

Small-Signal Forward-Current 
Transfer Ratio hre ---

(le= 10 mA, VcE = -15 v, f = 100 Mc) 2N869 1. 0 3.0 ---
(Ic = 10 mA, VcE = -lOV,f= 100 Mc) 2N995 1.0 3.0 ---

*Pulse Note: Pulse Width = 300 ~sec, Duty Cycle 1% 
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-- Motorola High-Frequency Transistors --

2N914 Vceo = 15 V 

fr = 500 Mc Typ 

NPN silicon annular transistor for high-speed switch
ing applications. 

CASE 22 
(T0-18) 

ABSOLUTE MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 
t-

Collector-Emitter Voltage 

Collector-Emitter Voltage 
(R" ~ 10 !!) 

Emitter-Base Voltage 

Operating Junction Temperature 

Storage Temperature 

Lead Temperature 
(Soldering, no limit) 

Total Device Dissipation 
at 25°C Case Temperature 
(derate 6.9 mW/°C) 

Total Device Dissipation 
at 25°C Ambient Temperature 
(derate 2.06 mW/°C) 

CHARGE STORAGE TIME CONSTANT TEST CIRCUIT 

ovu 
-9V 

INPUT PULSE 
Rise Time ~ 1 nsec 

500 Source Impedance 

0.1 215 

100 

+7V 

+5V 

= 

OUTPUTTO 
SAMPLING OSCILLOSCOPE 

Rise Time ::::: 1 nsec 
500 Input Impedance 

PW ~ 200 nsec 

Symbol Rating Unit 

Vceo 40 Vdc 

Vceo 15 Vdc 

Vee• 20 Vdc 

Vuo 5 Vdc 

T, 200 ·c 
T,,9 -65 to +300 ·c 

300 ·c 

Po 1.2 Watts 

Po 0.36 Watt 

To, and To11 TEST CIRCUIT 

INPUT PULSE 
Rise Time ~ 1 nsec 

500 Source Impedance 

0.1 

T 
-4V 

= 

OUTPUTTO 
SAMPLING OSCILLOSCOPE 

Rise Time ~ 1 nsec 
500 Input Impedance 

PW ~ 200 nsec 
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-- Motorola High-Frequency Transistors --

2N914 (continued) 

ELECTRICAL CHARACTERISTICS (At 25' unless otherwise specified.) 

Characteristic Symbol Min TJP Max 

Collector Cutoff Current I coo 
(Vc1 = 20 V, I, = 0) - 4.0 25 
(Vc1 = 20 V, I,= 0, T,. = 150'C) - 3.0 15 

Emitter Cutoff Current luo 
(Vu = 4.0 V, le = 0) - - 0.1 

Collector Current leEx 
(VIE= 0.25 V, Ve,= 20 V, T,. = 125'C) - - 10 

Collector-Base Breakdown Voltage BVe10 
Cle = 1.0 µA, I, = 0) 40 - -

Emitte·r-Base Breakdown Voltage BVuo 
(I, = 10 µ.A, le = 0) 5.0 - -

Collector-Emitter Sustaining Voltage (Note 1) Vcu.1su1t) 
Oe = 30 mA (pulsed), RIE ~ 10 ohms) 20 - -

Collector-Emitter Sustaining Voltage (Note 1) VcE0(,1u1t) 

Oe = 30 mA (pulsed), 11 = 0) 15 - -

Base Saturation Voltage Vu11•tl 
Oe = 10 mA, 11 = 1.0 mA) 0.70 0.74 0.80 

Collector Saturation Voltage VcEl•••J 
(le= 200 mA, 11 = 20 mA) - 0.40 0.70 
Oe = 10 11, T,. = -55'C to +125'C) (Note 3) - 0.14 0.25 

DC Forward Current Transfer Ratio (Note 2) h,. 
Oe = 10 mA, Ve, = 1.0 V) 30 60 120 
Oe = 10 mA, Ve,= 1.0 V, T,. = -55'C) 12 35 -

Oe = 500 mA, Ve,= 5.0 V) 10 20 -

Output Capacitance c •• 
(Ve1 = 10 V, I, = 0) - 2.8 6.0 

Small Signal Forward Current Transfer Ratio h,. 
(Ve,= 10 V, le= LO mA, f = 100 me) 3.0 5.0 -

Charge Storage Time Constant (Note 4) ... 
Cle = 111 = 112 = 20 mA) - 10 20 

Turn-on Time (See Note 4) td+r 

Oe = 200 mA, 111 = 40 mA, 112 = 20 mA) - 20 40 

Turn-off Time (See Note 4) tHf 

Oe = 200 mA, 111 = 40 mA, 112 = 20 mA) - 25 40 

NOTE 1. Rating refers to a high-current point where. collector-emitter 
voltage is lowest. 

NOTE 2. Pulse Conditions: Length = 300 µ.sec; duty cycle~ I%. 
NOTE 3. le = 1.0 mA through 20 mA 
NOTE 4. Measured on Sampling Scope. PW ~ 200 nsec. 
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Unit 

nA 
µA 

µA 

µA 

Volts 

Volts 

Volts 

Volts 

Volts 

Volts 

-

pf 

-

nsec 

nsec 

nsec 



-- Motorola High-Frequency Transistors --

2N915 Vceo = 50V 
hFe = 50 

fr = 400 Mc Typ 

CASE 22 
(T0-18) 

NPN silicon annular transistor for high-frequency 
amplifier, oscillator and switching applications. 

MAXIMUM RATINGS 

Characteristic Symbol Maximum Unit 

Collector-Base Voltage VCBO 70 Vdc 

Collector-Emitter Voltage VCEO 50 Vdc 

Emitter-Base Voltage VEBO 5 Vdc 

Total Device Dissipation PD 
@ 25° C Case Temperature 1. 2 w 
Derating Factor Above 25°C 6. 9 mW/°C 

Total Device Dissipation PD 
@ 25°C Ambient Temperature . 36 w 
Derating Factor Above 25"C 2. 06 mW/°C 

Junction Temperature, TJ +200 oc 
Operating 

Storage Temperature Range Tstg -65 to +300 oc 

8-65 
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--Motorola High-Frequency Transistors --

2N915 (continued) 

ELECTRICAL CHARACTERiSTICS 

Characteristic 

Collector Cutoff Current 
IE = 0 VCB = 60V 

Collector Cutoff Current @ 150° C 
IE = 0 VCB = 60V 

Collector Breakdown Voltage 
IC = 100 /1 A IE = 0 

Collector to Emitter Sustaining Voltage 
le = lOmA IB = 0 

Emitter Breakdown Voltage 
IC = 0 IE = 100 µA 

Base Saturation Voltage 
le = lOmA IB = 1. OmA 

Collector Saturation Voltage 
IC = !OmA IB = I. OmA 

DC Pulse Current Gain 
IC = !OmA VCE = 5. OV 

Output Capacitance 
IE = 0 VCB = lOV 

Emitter Transition Capacitance 
IC = 0 VEB=0.5V 

High Frequency Current Gain 
le = JOmA VCE = 15V 

Small Signal Cw-rent Gain f = 
IC = 1. OmA VCE = 5. ov 
IC = 5. OmA V CE = 5. OV 

Input Resistance f = Ike 
Ic = I. OmA VCE = 5. ov 
le = 5. OmA VCE = 5. OV 

Output Conductance f = Ike 
IC = 1. OmA 

le = 5. OmA 

*pw = 300 µ s 
duty cycle ~ 1% 

VCE = 5. ov 
VCE = 5. OV 

f = lOOmc 

Ike 

Symbol Minimum Maximum 

1CBO 
10 

1CBO 30 

BVCBO 70 

*VcEo 50 

BVEBO 5. 0 

VBE(sat) 0. 9 

VCE(sat) 1. 0 

hFE 50 200 

cob 3.5 

CTE 10 

hfe 2. 5 

hfe 40 200 

50 250 

hie 6000 

2000 

h 
oe 75 

125 
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Unit 

nA 

/1 A 

Volts 

Volts 

Volts 

Volts 

Volts 

pf 

pf 

ohms 

ohms 

µmho 

µmho 



--Motorola High-Frequency Transistors --

2N916 
VcEO = 25 V 
hFE = 50 

f1 = 400 Mc Typ 

CASE 22 ~ 
(T0-18) \\ 

NPN silicon annular transistor for high-frequency 
amplifier, oscillator and switching applications. 

MAXIMUM RATINGS 

Characteristic Symbol Maximum Unit 
Collector-Base Voltage VCBO 45 Vdc I 
Collector-Emitter Voltage VCEO 25 Vdc 

Emitter-Base Voltage VEBO 5 Vdc 

Total Device Dissipation PD 
@ 25 °C Case Temperature 1. 2 w 
Derating Factor Above 25 -·c 6. 9 mW/°C 

Total Device Dissipation PD 
@ 25 ·'c Ambient Temperature . 36 w 
Derating Factor Above 25 C 2. 06 mW/'C 

Junction Temperature, Operating TJ +200 oc 

Storage Temperature Range Tstg -65 to +300 c 

ELECTRICAL CHARACTERISTICS 

Characteristic Symbol Minimum Maximum Unit 
Collector Cutoff Current 1CBO 

10 nA 
IE= 0 VCB = 30V 

-
Collector Cutoff Current (il:l 50 c 1CBO 10 µA 

I,;= 0 VCB = 30V 

Collector Breakdown Voltage BVCBO 45 Volts 
IC = lOµA IE= 0 

Collector to Emitter Sustaining Voltage *VCEO 25 Volts 
le= 30mA IB = 0 

Emitter Breakdown Voltage BVEBO 5. 0 Volts 
1c = u IE= 10 µA 

Base Saturation Voltage VBE(sat) 0. 9 Volts 
le= lOmA IB = 1. OmA 

Collector Saturation Voltage V CE(sat) 0.5 Volts 
le= lOmA IB = 1. OmA 

DC Pulse Current Gain *hFE 50 200 
le= lOmA V CE= 1. OV 

Output Capacitance cob I 
6. 0 pf 

IE= 0 V CB= 5.0V 

Emitter Transition Capacitance CTE 10 pf 
1c = o VEB=0.5V 

High Frequency Current Gain f = lOOmc hfe 3. 0 
IC= lOmA VCE = 15V 

Small Signal Current Gain f = 1 kc hfe 40 200 
IC= 1.0mA V CE= 5.0V 

IC = 5. OmA V CE = 5. OV 50 250 

Input Resistance f = 1 kc h. 6000 ohms 
le = 1. OmA v CE = 5. ov ie 

le = 5. OmA v CE = 5. ov 2000 ohms 

Output Conductance f = 1 kc hoe 75 µmho 
le = 1. OmA v CE = 5. ov 
le= 5.0mA VCE = 5.0V 125 µmho 

*pw = 300µs duty cycle '.01% 
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-- Motorola High-Frequency Transistors --

2N918 
G. = 15 db @ 200 Mc 
NF = 6 db @ 60 Mc max 
P0 = 30mW@500Mc min 

CASE 22 
(T0-18) \ NPN silicon annular transistor for ultra-high fre

quency oscillator and amplifier applications. 

MAXIMUM RATINGS 

Characteristic Srmbol Rating Unit 

Collector-Base Voltage YCBO 30 Volts 

Collector-Emitter Voltage YCEO 15 Volts 

Emitter-Base Voltage YEBO 3. 0 Volts 

Total Dissipation at 25~C Case Temperature PD 0. 3 Watt 
at 25' C Ambient Temperature 0. 2 Watt -

Operating Junction Temperature TJ •200 ·c 

Storage Temperature Tstg -65 to +300 "C 

ELECTRICAL CHARACTERISTICS (at 25°C unless otherwise specified) 

Characteristic Symbol Test Conditions Min Typ Max Unit 
Collector Cutoff Current 1CBO Ycn=ISY,IE '0 10 nA 

VCB = lSV, 150 C, IE '0 I. 0 i;A 

Collector-Base Breakdown Voltage BVCBO 'c 1.0 µA, IE 0 30 Volts 

Emitter-Base Breakdown Voltage 
BVEBO 'c 10 µA, IC 0 Volts 

Collector-Emitter Voltage BVCEO 'c 3 mA IS Volts 

DC Current Gain hFE vcE = 1. o v, Ic = 3.0 mA 20 50 

Collector-Emitter Saturation Voltage VCE(sat) Ic = 10 mA, 18 = I 0 mA 0.4 Volt 

Base-Emitter Saturation Voltage V BE(sat) le= lOmA, Is= l.OmA I. 0 Volt 

Output Capacitance cob VCB = 10 V I. 7 pf 

IE =0,f=l40kc 

VCB = O,f • 140 kc 3. 0 pf 

IE ' 0 

Input Capacitance cib V EB= 0, 5 V 2.0 pf 

'c ' 0 

Small Signal Current Gain hfe 'c = 4. 0 mA 6. 0 9. 0 

VCE = lOV 

f=IOOmc 

Amplifier Power Gain Ge 'c '6.0 mA 15 db 
VCB = 12 V 

f = 200 me 
RG = RL = 50 Q 

Power Output pout 'c = 8. 0 mA 30 mW 

Yes "15 Y 
f=500mc 

Collector Efflciency elf Yes' 1s y 25 % 
f=500mc 

le = 8,0 mA 

Noise Figure NF 'c = 1.0 mA db 
VCE'6.0V 

f = 60 me 
RG '400 !2 
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--Motorola High-Frequency Transistors --

2N929 
2N930 

Vceo = 45 V 
NF= 3-4 db @ 10 cps to 15.7Kc1 

NPN silicon annular transistors for low-level, low
noise amplifier applications. 

CASE 22 
(T0-18) 

MAXIMUM RATll\IGS 

Characteristic 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation 
@TA= 25°C 

Derating Factor above 25 °C 

Total Device Dissipation 
@TC= 25 "C 

Derating Factor above 25 °C 

Junction Temperature, Op. 

Storage Temperature Range 

Symbol 

VCEO 

VEBO 

IC 

PD 

PD 

TJ 

Tstg 

8-69 

Rating Unit 

45 Vdc 

5 Vdc 

. 030 Ade 

0. 3 Watt 

2. 0 mW/°C 

0. 6 Watt 

4.0 mW/°C 

175 oc 

-65 to +300 -c 
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--Motorola High-Frequency Transistors --

2N929, 2N930 (continued) 

ELECTRICAL CHARACTERISTICS (At 25'C unless otherwise noted) 

Characteristic 

Collector-Emitter Breakdown Voltage* 
le = 10 mA, IB = 0 

Emitter-Base Breakdown Voltage 
IE = 10 nA, le = 0 

Collector- Base Cutoff Current 
V CB= 45 V, IE = 0 

Collector-Emitter Cutoff Current 
V CE = 45 V, V EB = 0 

vcE=45V, VEB=O, TA=170'C 

Collector-Emitter Cutoff Current 
V CE= 5 V, IB = 0 

Emitter-Base Cutoff Current 
V EB= 5 V, IC= 0 

DC Forward Current Transfer Ratio 
IC = 10 µA 1 V CE = 5 V 

IC= 10 µA, VCE = 5 V, TA= -55'C 

IC = 500 µA, V CE = 5 V 

le = 10 mA, v CE = 5 V* 

Collector-Emitter Saturation Voltage* 
IC = 10 mA, IB = . 5 mA 

Base-Emitter Voltage* 
IC = 10 mA, IB = • 5 mA 

Output Capacitance 
V CB = 5 V, IE = 0, f = 1 me 

High-Frequency Current Gain 
IC = 500 µA, v CE = 5 v, f = 30 me 

Small-Signal Current Gain 
IC = 1. 0 mA, V CE = 5 V, f = 1 kc 

Input Resistance 
IC = 1. 0 mA, V CB = 5 V, f = 1 kc 

Output Conductance 
IC = 1. 0 mA, V CB = 5 V, f = 1 kc 

Voltage Feedback Ratio 
IC = 1. O mA, V CB = 5 v, f = 1 kc 

Noise Figure 
Ic = 10 µA, v CE = 5 v, f = 10 cps to 

15. 7 kc, R = 10 KQ 

*Pulse Conditions: Width $ 300 µsec 
Duty Cycle :O 2% 

Symbol Minimum 

BVCEO 45 

BVEBO 5 

1CBO 

1CES 

1CEO 

1EBO 

2N929 
hFE 

40 
2N930 100 
2N929 10 
2N930 20 
2N929 60 
2N930 150. 
2N929 
2N930 

V CE(sat) 

VBE 0. 6 

cob 

hfe 1. 0 

2N929 
hfe 

60 
2N930 150 

hib 25 

hob 

hrb 

NF 

2N929 
2N930 
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Maximum 

. 010 

. 010 

10 

. 002 

.010 

120 
300 

350 
600 

1. 0 

1. 0 

8.0 

350 
600 

32 

1. 0 

600 

4. 0 
3.0 

Unit 

v 

v 

µA 

µA 

µA 

µA 

v 

v 

pf 

ohms 

µmho 

Xl0- 6 

db 



2N956 

--Motorola High-Frequency Transistors --

For Specifications, See 2N718A Data Sheet 

Vee= 12-15 V 
le= 100mA 
fr= 460Mc 

2N960 
2N961 
2N962 
2N964 
2N965 
2N966 PNP germanium epitaxial mesa transistors for high

s peed switching applications. 

CASE 22 
(T0-18) 

MAXIMUM RATINGS 

Characteristic Symbol 2N960 2N961 
2N964 2N965 

Collector-Base Voltage Vcao 15 12 
Collector-Emitter Voltage Vc•s 15 12 
Emitter-Base Voltage Vuo 2.5 2.0 

2N962 
2N966 

12 

Unit 

Vdc 
_1_2_ VciC 
TIS VciC 

Junction Temperature _T_;_ --- 100 --- ---CC 
___ st_o_ra_g_e_T_e_m_p_er_a_tu_re ___________ ~ T,19 ____ -_6_5_t_o_+_10_0____ __°C_ 

Total Device Dissipation at 25°C Case 
__ T_e_m~p_er_a_tu_r_e_(d_e_ra_t_e_4_m_W_!_0_C_a_bo_v_e_2_5_0_C) ___ P_0~ _____ J_O_O ____ _ 

Total Device Dissipation at 25°C Ambient 
Temperature (derate 2 mW/°C above 25°C) 

NORMALIZED 0 C CURRENT TRANSFER RATIO 
versus COLLECTOR CURRENT 

Ii::: 
L. 

7 
:::;;;i 

~ 2.0 

; 1.5 

~ 1.2 

~ 1.0 

~ 0.8 

~ 0.6 

u v 
c 0.4 
fl 
::l 0.3 

~ 
~ 0.2 

v ,.,.1 
v 

~0.15 
l 

TI 
+85°C 

..d:: l 
+25°C 

""' 
T~= -55'0 c 

,.,.,.. 

Id Va= I Vdc 

5 10 20 50 
le, COLLECTOR CURRENT (mAdc) 

100 

8-71 

150 

CURRENT GAIN·BANOWIOTH PRODUCT (IT) 
versus COLLECTOR CURRENT 

le, COLLECTOR CURRENT (mAdc) 

mW 

mW 

I 
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-- Motorola High-Frequency Transistors --

2N960 SERIES (continued) 

ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise specified) 

Characteristic Symbol Min Typ Max Unit 

BY cw Vdc Collector-Base Breakdown Voltage 
Oc = -100 µAde, IE = 0) 2N960, 2N964 15 25 

.,-,---~--------"2"'N9'-'6-"1''-'2"-N9"'6"'-2,._,2"'N'"96'-'5'-', 2"'N'-"96,,,6c__ ---- --~1=2 _____ 2_0 __ ------ --V-dc--
Collector·latch-up Voltage LVcEx 

Vee= -11.5 Vdc {Figure 1) 

Emitter-Base Breakdown Voltage 
(IE= -100 µAde, le= 0} 

Collector-Emitter Cutoff Current 
(Ve~= -15 Vdc) 
(VeE = -12 Vdc) 

All Types 

2N960, 2N964 
2N961, 2N965 
2N962, 2N966 

2N960, 2N964 
2N961, 2N962, 2N965, 2N966 

BVuo 

11.5 

2.5 
2.0 
I.25 

100 
100 

Vdc 

Collector-Base Cutoff Current --lc-,0-- ----- -;Adc-
~l~Vc~•-=_-_6_V_d~c,~l,~=~0)~----A-ll~Ty~p~es~------- ______ -____ o_.4 __ -~3~- ----
DC Forward Current Transfer Ratio 

lie= -10 mAdc, VcE = -0.3 Vdc) 2N960, 2N961, 2N962 hn 20 40 
70 2N964, 2N965, 2N966 40 

(le:::::: -50 mAdc, VcE = -1 Vdc) 2N960, 2N961, 2N962 20 55 -
2N964, 2N965, 2N966 40 90 -

(le= -100 mAdc, VcE = -1 Vdc) 2N960, 2N961, 2N962 20 50 -
~~~~~~~~~--~2"'N~96~4~, 2"-N"-96"'5"-, =2N~9"-66'----- _____ 4~0 _____ 8_5 __ ------ ___ _ 
Collector-Emitter Saturation Voltage VcE( .. 1) 

lie= -10 mA, I,= -1 mA) 2N964, 2N965, 2N966 

(le = -50 mA, 11 = -5 mA) 

fie= -100 mA, 11 = -10 mA) 

Base-Emitter Voltage 

2N960, 2N961, 2N962 
2N964, 2N965, 2N966 
2N960, 2N961, 2N962 
2N964, 2N965, 2N966 
2N960 2N961, 2N962 

All Types 

All Types 

(le= -10 mA, 11 = -1 mA) 

Oc = -50 mA, 11 = -5 mA) 

fie= -100 mA, 11 = -10 mA) 2N960, 2N961, 2N964, 2N965 
2N962, 2N966 

Current Gain-Bandwidth Product 
(IE= -20 mAdc, Vc1 = -1.0 Vdc) All Types 

Collector Output Capacitance 
(Vc1 = -10 Vdc, IE= 0, f = 1 me) All Types 

Emitter Transition Capacitance 
(VE• = 1 Vdc) All Types 

Turn-on Time - All Types 
(le= -10 mAdc, 111 = -l mAdc, V1E(0) = +1.25 Vdc) (Fig. 2) 
(le= -100 mAdc, 111 = -5 mAdc, V11:(0) = +I.25 Vdc) (Fig. 3) 

Turn-off Time 
Oc = -10 mA, 111 = -1mAdc,1 12 = 0.25 mAdc) (Fig, 2) 

2N960, 2N961, 2N964, 2N965 
2N962, 2N966 

(le= -100 mAdc, 111 = --:5 mAdc, 182 = 1.25 mAdc) (Fig. 3) 
2N960, 2N961, 2N964, 2N965 
2N962, 2N966 

Rise Time Constant {Figure 4) All Types 

Hole Storage Factor (figure 6) All Types 

Fall Time Constant (figure 5) All Types 

Total Control Charge 
Uc= -10 mAdc, 11 = -1 mAdc) 

(Figure 7) 2N960, 2N961, 2N964, 2N965 
2N962, 2N966 

Oc = - 100 mAdc, 11 = -5 mAde) 

40 

0 

(Figure 8) 2N960, 2N961. 2N964, 2N965 
2N962, 2N966 

STORAGE TIME versus CIRCUIT CURRENT RATIO 

~ 
100 mAdc 

50 mAdc 

T~ ~ lOmAdc 

1-- I., =41., 

RL=toOn 

R8 :::: I Kn 

5 10 15 20 
le/I,,, CIRCUIT CURRENT RATIO 

Vdc 
0.11 0.18 
0.13 0.20 
0.18 0.35 
0.20 0.40 
0.27 0.60 

_____ -____ o_.3o ____ o~.1~0 _____ _ 
v,. Vdc 

0.30 0.40 0.50 
0.40 0.55 0.75 
0.40 0.65 1.00 

--- -~0.~40~- __ 0~·~75~- __ l_.25 __ ----
me 

300 460 -
c,, ---- ---- ---p,--

2.2 4 --c,-.- ---- ---- --p,--
--,.-.- __ -____ 2._o ____ 3_.5 _____ _ 

nsec 
35 50 

_____ -____ 3_o ____ s_o _____ _ 

60 
80 

85 
100 

50 85 

nsec 

_____ -____ so ____ 1_00 _____ _ 

__ ,.._, ___ -____ o._6 __ -----~ 

__ K'_, _ ----- 16 ----- __ n_se_c_ 

--~-:- ----- --0·-5-- ----- pico~::ombs 

COLLECTOR-EMITTER 
SATURATION VOLTAGE 

versus 
AMBIENT TEMPERATURE 
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--Motorola High-Frequenc:y Transistors --

2N963 
2N967 

Vces=12V 
le= lOOmA 
fr= 300Mc 

PNP germanium epitaxial mesa transistors for high
s peed switching applications. 

CASE 22 
(T0-18) 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Junction Temperature 

Storage Temperature 

Device Dissipation @ 25°C Case Temperature 
(Derate 4 mW/°C above 25°C) 

Device Dissipation @ 25°C Ambient 
(Derate 2 mW/°C) 

0 

NORMALIZED DC CURRENT TRANSFER RATIO 
versus COLLECTOR CURRENT 

~ 2.0 

e:; 1.5 

~ 1.2 : ~:~ 
0.6 

~ 

u 0.4 

c 0.3 

~ 

~ 0.2 
z 0.15 

J_ il 
r 85!C t--- J_i 

+ 5°C 
L 

L 0°C 

i........- J _.....,,. .:.:F 
L Rill 

P'" 
.:. 1 

H 
..::::::. 
~ 

,,,.,... 

v"~lv~ 

10 20 

le, COLLECTOR CURRENT (mAdc) 

50 

COLLECTOR-EMITTER SATURATION VOLTAGE 
versus BASE CURRENT 

bl 

~> o. 7 l---+--+-t>-+--+-.,_,--+-++-f----1---+---+-+-l-l 
T, ,= 2J°c 

~ 0.6 1--+-+-t--t--++-t-++++----+--+-t-t-+-I 

~ 0.5 1----+--+-t>-+--+-+l\_,..~-H----+--+-...._,H-+ 
~ f'i.. !-.... sJ"mAdc 
~ 04 t---H-t-t--t-+t-+-t+r-...._,::-1f-~t-F'-"i'-t-H 

~. 0.3 f---+-+-\-+-+-H-t-,i,..;1r....-+--+---+-1.J _ ~ !-' m,Adc 

t; 0.2 L~~g~~R=*l::=±:l::l±B ~ I le 2 mAdc _ __. 
0· 10·"'.1--,,-0.2:--,0~.3:-:o-=.4_,_,.o.'='s "'=. o"'.s-,.1"=".0---=-'""3 __..4 _S;-6~ 

.! 
11, BASE CURRENT (mAdc) 

Symbol Rating Unit 

Vcao 12 Vdc 

VcE~ 12 Vdc 

TJ 100 oc 

l1t9 -65 to + 100 oc 

Po 300 mW 

Po 150 mW 

CURRENT GAIN-BANDWIDTH PRODUCT (f,) 
i!f versus COLLECTOR CURRENT 

,;,soo J~! 
:;§ U-1---T---.._..!..v,00 .i'. Vdc 

roo~ --t£N 
~ 300 l"V'-:;.-f""-t--+-+-+-+++--- vc, o.s vdc ~ 

1200 
z JOO i:> 
z 

0 

" 
2 10 20 50 

.£ le, COLLECTOR CURRENT (mAdc) 

VOLTAGE versus TEMPERATURE CHARACTERISTICS 

-75 --50 -25 25 50 75 100 

TA, AMBIENT TEMPERATURE (°C) 
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--Motorola High-Frequency Transistors --

2N963, 2N967 (continued) 

ELECTRICAL CHARACTERISTICS (At 25'C unless otherwise specified) 

Characteristic 
Collector-Base Breakdown Voltage 

le = - 100 µAde, le = 0 
Collector-Latch-up Voltage 

Vee= -10 Vdc 
Emitter-Base Breakdown Voltage 

I,= - 100 µAde, le= 0 
Collector-Emitter Cutoff Current 

Vee= -12 Vdc, V" = 0 
Collector Cutoff Current 

Vea = -6 Vdc, le = 0 
£milter Cutoff Current 

V" = -5 Vdc, le = 0 
Collector Cutoff Current 

Vee= -10 Vdc, V" = +0.3 Vdc, TA = 55°C 
Base Cutoff Current 

Vee= -10 Vdc, v .. = +0.3 Vdc, TA= 55°C 
DC Forward Current Transfer Ratio 

le= -10 mAdc, Vee= -0.3 Vdc 2N963 
2N967 

Collector Saturation Voltage 
le= -10 mAdc, 11 = -1 mAdc 

Base-Emitter Voltage 
le= -10 mAdc, 11 = -1 mAdc 

Current Gain-Bandwidth Product 
Ve,= -1 Vdc, le= -20 mAdc, f = 100 me 

Collector Output Capacitance 
Vee = -5 Vdc, I, = 0, f = 1 me 

Jnpufl:apac1tance 
v .. = -1 vdc, le= 0, f = 100 kc 

Turn-on l 1me 
le= -10 mAdc, 111 = -1 mAdc, Vu1o1 = +1.25 Vdc 

Turn-offi1me 
le= -10 mAdc, 111 = -1mAdc,1 82 = +1.25 mAdc 

T.otal Control Charge 
le= -10 mAdc, I,= -1 mAdc 

COLLECTOR LATCH-UP VOLTAGE TEST CIRCUIT 

t0.3 Vdc 

'tl 
-2.5Vdc 

TEKTRONIX 541 
OR £QUIVALENT 

~ l l l 

Vee= - 10 Vdc 

BASE AND COLLECTOR CUTOFF CURRENT TEST CIRCUIT 

u 
-S.4Vdc 
at point A 

8-74 

Symbol Minimum Maximum Unit 

BVeao 
12 - Vdc 

LVeex 
10 - Vdc 

BVEBo 
2 - Vdc 

Ices 
- 100 µAde 

leao 
- 5 µAde 

luo 
- 1 mAdc 

lcex 
- 20 µAde 

l,l 
- 20 µAde 

h., 
20 - -
40 -

Vci::i~••I - 0.2 Vdc 

v .. 
0.3 0.5 Vdc 

fr 
300 me 

c,. 
- 5 pf 

c .• 
4 pf 

t., 
60 nsec 

lo ff 
120 nsec 

Q, 
120 pico-coulombs 

10-mA (lcJ SWITCHING TIME TEST CIRCUIT 
TYP£ R SAMPLING 
RESISTOR 

INPUT SIGNAL 

+l.25Vdc 

-5.4 Vdc 

280 o 20 n -3.l Vdc 

NOTE: 
le:;:; -10 mAdc 
191 =-1 mAdc 
In= +0.25 mAdc 
VH(O) = +1.25 Vdc 
USE TEKTRONIX TYPE "R" 

PLUG-IN 
TEKTRONIX TYPE 581 SCOPE 

OR EQUIVALENT 

10-mA llcl TOTAL CONTROL CHARGE TEST CIRCUIT 

+0.3Vdc 

-0.18Vdc o--OM......,>--1 

+v 



-- Motorola High-Frequency Transistors --

2N964 For Specifications, See 2N960 Data Sheet 

VcEO = 7V 
le= lOOmA 

fr = 460 Mc Typ 

CASE 22 
(T0-18) 

PNP germanium epitaxial mesa transistor for high
speed switching applications. 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 
Collector-Emitter Voltage 
Emitter-Base Voltage 
Collector Current 
Junction Temperature 
Storage Temperature 
Total Device Dissipation at 25°C 

Case Temperature 
(Derate 4mW/°C above 25°C) 

Total Device Dissipation at 25°C Ambient 
Temperature (Derate 2 mW/°C above 25°C) 

60 

z 50 f--Vco l Volt 

~ 40 
z 

30 

1i 
" z 20 
;; 
,1 

!-- k::i - """" 1---- ------ - ----- .-
-f---1 -1-

-r--- I- ---IO 
2 

NOTE: L1mic Curves are based on periodk en11ineerini': evaluation. 

TOTAL CONTROL CHARGE 

~ 
;; 
8 100 

~ 70 
1i ,. 

50 ~ l.--1 ,. 
.J 

20 

Symbol Rating Unit 

Vceo 15 Vdc 
Vces 15 Vdc· 
V•eo 2.5 Vdc 
le 100 mAdc 
T, 100 oc 

T119 -65 to +100 oc 

Po 300 mW -----
Po 150 mW 

CURRENT GAIN CHARACTERISTICS 

-
-~ """' ---·- - -:::: 

1--- \ 
'<- - -

I- &= ~--
r--- ~ 

- - --'ii TJ::: as·c 

§= TJ:::: 2s·c 

TJ:::; o·c 
\: TJ::: --55'C 

10 20 50 100 

le:. COLLECTOR CURRENT (mAdc) 

100-mA {le) SWITCHING TIME TEST CIRCUIT 

INPUT SIGNAL 

+ 1.25 Vdc 

48 !l i. !l -5.2 Vdc 

NOTE, 

TYPE R SAMPLING 
RESISTO~ 

I,= -100 mAdc 
111 = -5 mAdc 
I,, = + 1.25 mAdc 
Vo, = + 1.25 Vdc 
USE TEKTRONIX TYPE "R" 

PLUG-IN 
TEKTRONIX TYPE 581 SCOPE 

OR EQUIVALENT 
0.2 0.5 0. 7 1.0 2.0 5.0 7 .0 IO 

1,, BAS£ CURRENT (mAdc) 
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-- Motorola High-Frequency Transistors --

2N964A (continued) 

FOR ADDITIONAL CURVES, SEE 2N960 DATA SHEET 

ELECTRICAL CHARACTERISTICS 
I Registered with EIA as the 2N964A) (at 25°C unless otherwise noted~ 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Base Breakdown Voltage BVc10 Vdc 
(le= -100 µAde, I,= 0) 15 25 

Collector-Emitter Breakdown Voltage ~ ~ 
(IC= 10 mAdc, I,= 0) 

Collector Latch-up Voltage ~ 11.5 Vdc 
Emitter-Base Breakdown Voltage BVno Vdc 

(I, = 100 µAde, le= 0) 2.5 

Collector-Emitter Cutoff Current le., -;;Ade 
(Vee= -15 Vdc, V., = 0) 100 

Collector Cutoff Current ~ ~ 
(Ve,= -6 Vdc, I,= 0) 0.4 3 

Base Leakage Current --1,-,- µJae 
(Vee= - 6 Vdc, V0, = +0.5 Vdc) 4 
(Ve, = - 6 Vdc, V0, = +0.5 Vdc, TJ = 85°C) 50 140 

ON CHARACTERISTICS 

Forward Current Transfer Ratio --h,-,-

(le= -10 mAdc, Vee= -0.3 Vdc) 40 80 
(le= --10 mAdc, Vee= -0.3 Vdc, T; = -55°C) 20 45 
(le= -50 mAdc, Vee= -1 Vdc) 48 105 
(le= -100 mAdc, Vee= -1 Vdc) 40 95 
(le= -100 mAdc, Ve,= -1 Vdc, '..L = 85°C) 35 85 

Collector Saturation Voltage ~ ~ 
(le= -10 mAdc, I,= -1 mAdc) 0.1 0.18 
(le = -50 mAdc, I,= -5 mAdc) 0.16 0.28 
(le= -100 mAdc, 11 = -10 mAdc) 0.22 0.4 

Base-Emitter Voltage --v.-,- ~ 
(le= -10 mAdc, 11 = -1 mAdc) 0.3 0.38 0.44 

I 
(le= -50 mAdc, l, = -5 mAdc) 0.4 0.48 0.58 
(le= -100 mAdc, 11 = -10 mAdc) 0.4 0.6 0.72 

TRANSIENT CHARACTERISTICS 
Output Capacitance ---c.;;;- --pf-

(Vc1 = -1 Vdc, I,= 0, f = 1 me) 2.7 5 
(Vea= -10 Vdc, I,= 0, f = 1 me) 2.2 4 

Input Capacitance --c-,.- -p-,-

(V., = 1 Vdc, le= 0, f = 100 kc) 2 3.5 

Small Signal Forward Current Transfer Ratio h,. 
(le= -20 mAdc, Vee= -1 Vdc, f = 100 me) 3.0 4.6 

Current-Gain - Bandwidth Product 
__ f_T_ 

me 
(I,= -20 mAdc, Vc1 = -1 Vdc) 300 460 

Delay Time Plus Rise Time T.+T." nsec 
(le =-10 mA) 35 50 
(le=- 100 mA) 30 50 

Storage Time Plus Fall Time t.+t, nsec 
(le= -10 mA) 60 85 
(le= -100 mA) 50 85 

Total Control Charge --Q,- pico-
(IC = - 10 mA, I, = - 1 mA) 50 75 coulombs 

Active Region Time Constant --r,:- nsec 
(le=- 10 mA) 0.6 1.5 
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- Motorola High-Frequency Transistors --

2N965 
2N966 For Specifications, See 2N960 Data Sheet 

2N967 For Specifications, See 2N963 Data Sheet 

2N968 thru 2N975 
VcES = 7-15 V 
le= lOOmA 
fr= 320Mc 

CASE 22 ~ 
(T0-18) \\ PNP germanium mesa transistors for high-speed 

switching applications. 

MAXIMUM RATINGS 

Characteristic Symbol 

Collector - Base Voltage Vcao 
Collector - Emitter Voltage Vces 
Emitter - Base Voltage Veao 

. Junction Temperature T 
Storage Temperature Range ~-
Total D.evice Dissipation @ Ti = 25°C 

(Derate 4mW/°C above 25°C) _!~_ 
Total Device Dissipation @ TA = 25°C 

(Derate 2mW/°C above 25°C) Po 

NORMALIZED D.C. CURRENT GAIN versus COLLECTOR CURRENT 
10 
8 
6 
~ VcE :::; 1 Vdc -+---+---+--+--+--+--< 

z 2.01--f--f-+--+--+---+---+--+--I 

~ LO~::;~~~=+t~~5'~C~J--~~=t;;~~~ U 0.8 ,.:::::::l +25°C 

ci 0.6 / .......- ~ 
~ 0.4 ..:c_ 55°C '74--+--1--1 
:i -+--1 ~ 
~0.2 ~ 

0.1 
0.1 0.2 0.5 1.0 2.0 5 10 

le:, COLLECTOR CURRENT (mAdc) 
20 50 100 

COLLECTOR SATURATION VOLTAGE versus AMBIENT TEMPERATURE 

g 0.3~~---~ 
~ 
~ 
;! 
~ 0.251-+---t-+--J.."'-t---+---I 

i5 s 
~ 
~ 
~ 0.151-+--7"1~+---+-t---+---I 

LI .~75-.~_5-0--~2-5"""""0-+2~5-+-5~0-+~7-5_,+100 
T..,, AMBIENT TEMPERATURE (°C) 

2N968 2N969 2N970 2N971 
2N972 ' 2N973 2N974 2N975 Unit 

15 12 12 7 Vdc 
~l-5--1-2- -12- --- --

7 Vdc ------ --- ---- --
2.5 2.0 1.25 1.25 Vdc ------ ---- ---- --or--

500 

400 

z 
I/ 

300 

200 

100 

0 
0 

+100 --
-65 to +100 oc --

300 mW --
150 mW 

CURRENT GAIN-BANDWIDTH PRODUCT (h) 
versus COLLECTOR CURRENT 

v- -1 

VcE:::: 1 Vdc 
r ... :;:;: 25°C 

10 20 30 40 50 

le. COLI ECTOR CURRENT (mAdc) 

STORAGE TIME versus CIRCUIT CURRENT RATIO 

100 ,____ le.-:-: 25 mAdc 

~ 60 

I ..? 40 
r---

20 
5 

I - 10 mAdc 

10 15 

lcllsi. CIRCUIT CURRENT RATIO 

--i 

T,., ::::- 2s0 c 

111 ;;: 4 111 

Rl::::: 1001? 

R, 1 KO --1 

--i 

20 
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--Motorola High-Frequency Transistors --

2N968 thru 2N975 (continued) 

ELECTRICAL CHARACTERISTICS t At 2s 0 c unless otherwise noted 1 

Characteristic Symbol Minimum Typical Maximum Unit 

Collector Base Breakdown Voltage 2N968, 2N972 BVeoo Vdc 
lie= -100 µAde, I, = 0) 2N969, 2N970, 15 25 -

2N973,2N974 12 20 -
2N971. 2N975 7 15 -

Emitter Base Breakdown Voltage BV.,0 Vdc 
(I,= 100 µAde, le= 0) 2N968, 2N972 2.5 -- -

2N969, 2N973 2.0 - -
2N970,2N974 1.25 - -

2N971, 2N975 1.25 - -
Collector-Emitter Cutoff Current lcES µAde 

IVae = 0) 2N968, 2N972 
(Ve,= -15 Vdc) 2N969, 2N970, - - 100 
!Vee= -12 Vdc) ·2N973, 2N974 - - 100 
(Vee = -7 Vdc) 2N971, 2N975 - - 100 

Collector-Base Cutoff Current lcao µAde 
(Ve1 = -6 Vdc, I, = 0) 2N968, 2N969, 2N970, 2N972, - - 3 

2N973,2N974 2N971,2N975 - - 10 

DC Forward Current Transfer Ratio 2N968, 2N969,2N970, 
h" -

(le= -10 mAdc, Vee= -0.5 Vdc) 2N971 2N972, 2N973, 17 35 -
2N974,2N~75 40 75 -

(le = -25 mAdc, Ve, = -OJ Vdc) 2N968, 2N969, 2N970, 20 40 -
2N9712N972,2N973,2N974, 2N975 40 85 -

Collector-Emitter Saturation Voltage Vcei1atJ Vdc 
(le = -10 mAdc, I,= -1 mAdc) All Types - 0.19 0.25 
(le = -25 mAdc, 11 = -1.5 mAdc) All Types - 0.25 0.5 

Base-Emitter Voltage 2N968,2N969,2N972, Vee(sat) Vdc 
Oe = -10 mAdc, I,= -1. mAdc) ~N973 2N970, 2N971. 0.30 0.39 0.55 

2N974,2N975 0.30 0.43 0.65 

Oe = -25 mAdc, 18 = -1.5 mAdc) 2N968, 2N969, 2N972, - 0.45 0.80 
2N973 2N970, 2N971, 2N974, 2N975 - 0.60 1.0 

Current Gain-Bandwidth Product h me 

I 
(I,= -10 mAdc, Ve1 = -1 Vdc) All Types 250 320 -

Collector Output Capacitance cob pf 
(Vea= -10 Vdc, f = 1 me, I,= 0) All Types - 4.0 9.0 

Emitter Transition Capacitance C,, pf 
(Veo = 1 Vdc, le = 0) All Types - 3.5 -

Turn-on Time 2N968,2N969, 2N972, t., nsec 
(le= -10 mAdc, 111 = -1 mA) 2N973 
V., (0) = + 1.25 Vdc 2N970, 2N971, 2N974, - 50 75 

2N975 - 65 100 

Turn-off Time foff nsec 
Oe = -10 mAdc, 181 = -1 mAdc) 
I., = 0.25 mAdc 2N968, 2N969 -- 70 150 

2N972, 2N973 - 75 175 
2N970, 2N971. 2N974, 2N975 - 100 275 

Total Control Charge a, pico-
(le= -10 mAdc, I,= 1 mA) 2N968, 2N969, ~N972, 2N9/3 coulombs 

2N970, 2N971. 2N974, 2N975 - 75 100 
(Figure 4) - 80 150 

Oe = -25 mAdc, 11 = -1.5 mA) 
2N968,2N969, 2N972, 2N973 - 90 175 
2N97~ 2N971,2N974,2N975 - 175 300 
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-- Motorola High-Frequency Transistors --

2N985 
VcEO = 7V 
lc=200mA 
fr= 300Mc 

PNP germanium epitaxial mesa transistor for high
speed switching applications. 

CASE 22 
(T0-18) 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Junction Temperature 

Storage Temperature 

Device Dissipation 
@Tc ; 25°C 

Derating factor above 25°c 

Device Dissipation 
@TA ; 25°c 

Derating factor above 25°c 

+L2~.._u---
-5.5V 

INPUT PULSE 
t.~ 1 nsec 
t• :=:::; 1 nsec 

PW;:::::, 200 nsec 

v .. 

I Kii 

Symbol Ratings Unit 

VCBO -15 Vdc 

VcEO -7 Vdc 

VEBO -3 Vdc 

Ic -200 mAdc 

TJ 100 OC 

Tstg -65 to +100 OC 

PD 300 mW 
4 mw/0 c 

PD 150 mW 
2 mw/0 c 

SWITCHING TIME TEST CIRCUIT 

Yee= -10.3V 

~-----------<l YouT 
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I 
I 

_j__ 
,,, c, 

I 
I 
I _..._ 

OSCILLOSCOPE RISE TIME~ 1 nsec 

TOT AL COLLECTOR SHUNT 
CAPACITANCE=::: 6 pf 



-- Motorola High-Frequency Transistors --

2N985 (continued) 

ELECTRICAL CHARACTERISTICS (At 25'C unless otherwise noted) 

Characteristic Symbol Min Max Unit 
Vdc Collector-Base. Breakdown Voltage BVcBo 

(le = -100 µAde, IE = 0) -15 

Collector-Emitter Breakdown Voltage BVCEO 
(le" -5 mAdc, 18 = 0) -7 

Vdc 

Collector-Emitter Breakdown Voltage BVcES 
lie" -100 µAde, RBE = 0) -15 

Vdc 

Emitter-Base Breakdown Voltage BVEBO 
(IE" -100 µAde. Ic = O) -3 

Vdc 

Collector Cutoff Current Icao 
IVcB" -5 Vdc, IE = 0) -3 

µAde 

Emitter Cutoff Current 1EBO 
(VEB = -3 Vdc, 1c = O) -100 

µAde 

DC Current Gain hFE 
(le = -10 mAdc, VcE = -0.25 Vdc) 40 

(le = -100 mAdc, VcE = -0.5 Vdc) 60 

Collector Saturation Voltage VCE(sat) 
Ile = -10 mAdc, 18 = -0.5 mAdc) -0.15 

Vdc 

Ile = -100 mAdc, 18 = -5 mAdc) -0.30 

Base-Emitter Voltage VBE 
Ile = -10 mAdc, 18 = 0.5 mAdc) -0.28 -0.40 

Vdc 

Ile = -100 mAdc, 18 = -5 mAdc) -0.40 -0.60 

Small Signal Current Gain lhtel 
(VCE = -2 Vdc, le = -30 mAdc, f = 100 me) 3.0 

Collector Output Capacitance cob 
(VcB = -5 Vdc, IE= O, f = 1 me) 

pf 

Turn-on Time 1on (le = _-10 mAdc, IBl = -5 mAdc, VBE(O) = +l.25 Vdc) 35 

Turn-off Time 'o1t 
Uc = -10 mAdc, Ia1 -· -5 mAdc, IB2 = +1.25 mA) eo 

2N995 

For Specifications, See 2N869 Data Sheet 
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-- Motorola High-Frequency Transistors --

2N 1131 
2N1991 

Vceo = 20-35V 
lc=600mA 

fr= 120 Mc Typ 

PNP silicon annular transistors for medium-current
switching applications. 

CASE 31 
(T0-5) 

MAXIMUM RATINGS 

Characteristics 

Collector-Base Voltage 
2Nll31 
2N1991 

Collector-Emitter Voltage 
2Nll31 
2N1991 

Emitter-Base Voltage 
2Nll31, 2N1991 

Collector-Emitter Voltage 
(Rbe ~lOQ) 

2Nll31 

Collector Current 
2Nll31 

Total Device Dissipation 
@ 25°c Case Temperature Both Types 
Derating Factor Above 25°c 2Nll31 

2N1991 

Total Device Dissipation 
@ 25oc Ambient Temperature Both Types 
Derating Factor Above 25°C 2N1131 

2N1991 

Junction Temperature 
2Nll31 
2N1991 

Storage Temperature Range 
2N1131 
2N1991 

8-81 

Symbol 

VcBo 

VcEO 

VEBO 

VCER 

1c 

PD 

PD 

TJ 

Tstg 

Rating Unit 

Vdc 
50 
30 

Vdc 
35 
20 

Vdc 
5 

Vdc 

50 

mAdc 
600 

2 Watts 
19.3 mw/0 c 
16.0 mw/0 c 

0.6 Watt 
4.0 mW/DC 
4.8 mw/0 c 

De 
+175 
+150 

oc 
-65 to +300 
-65 to +150 



--Motorola High-Frequency Transistors --

2N1131, 2N1991 (continued) 

ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 

Characteristics Types Symbol Mill Mar Unit 

Collector-Base Breakdown Voltage BVcao Vde 
(le = 100 µAde, IE = O) 2Nl131 50 -
Uc = 1.0 mA, IE = O) 2Nl991 30 -

Emitter-Base Breakdown Voltage BVEBO Vde 
(IE = 100 µAde, le = O) 5 -

Collector-Emitter Breakdown Voltage BVCEO Vde 
(le = 100 mAdc pulse, IB = O) 2N1131 35 -

2Nl991 20 -
Collector-Emitter Breakdown Voltage BVCER Vde 

(le = 100 mAdc pulsed, Rbe;;;: 10 n) 2Nl131 50 -
Collector Cutoff Current 1cao µAde 

(Vea = 30 Vde, IE= O) 2Nl131 - I 

(V CB = 30 Vdc, IE = 0, TA = 1500c) 2Nl131 - 100 

(Vea = 50 Vde, IE= O) 2N1131 - 100 

(Vea = 10 Vde, IE = 0) 2Nl99! - 5 

(Vee "'10 Vdc, IE = 0, TA= 150°C) 2N1991 - 200 

Emitter Cutoff Current 1EBO µAde 
(VEB = 2Vde,1c = 0) 2N1131 - 100 
(VEB = I Vde, 1c == O) 2Nl991 - 200 

DC Forward Current Transfer Ratio hFE -
(le = 5 mAdc, VcE = 10 Vdc) 2Nl131 15 -
(IC = 30 mAdc, VcE = 10 Vdc) 2N1991 15 -
(Ic = 150 mAdc, VcE = 10 Vdc) 2Nl131 20 60 

2Nl991 15 45 

Collector-Emitter Saturation Voltage VcE (sat) Vde 
(le = 150 mAde, Ia = 15 mAdc) - 1.5 

Base-Emitter Saturation Voltage VBE (sat) Vde 
(Ic = 150 mAdc, 18 = 15 mAdc) 2Nl131 - 1.3 

2N1991 - 1.5 

Output Capacitance Cob pf 

(VCB = 10 Vdc, IE = 0, f = 100 kc) - 45 

Input Capacitance cib pf 
(VEB = 0.5 Vdc, Ic = 0, f = 100 kc) 2Nl131 - 80 

AC Current Gain hie -
(le = 50 mAdc, VcE = 10 Vdc, f" 20 me) 2Nl131 2. 5 

2N1991 2. 0 

Small~Signfll Forward Current Transfer Ratio hte -
(le = 1 mAdc, VeE = 5 Vdc, f = 1 kc) 2Nl131 15 50 
(Ie = 5 mAdc, YcE = 10 Vdc, f "' 1 kc) 2N1131 20 -

Small Signal Input Resistance hib ohms 
(le = 1 mAdc, Vea = 5 Vdc, f = 1 kc) 2Nl131 25 35 
(le = 5 mAdc, Vea = 10 Vdc, f = 1 kc) - 10 

Small Signal Output Admittance hob µmhos 
(le = 1 mAdc, VeE = 5 Vdc, f = 1 kc) 2N1131 - I 
(le = 5 mAdc, YcE = 10 Vdc, f = 1 kc) - 5 

Small Signal Voltage Feedback Ratio hrb 
x 10~ 4 

(le = 1 mAdc, VcE = 5 Vdc, f = 1 kc) 2Nl131 - 8 
(Ic = 5 mAdc, VcE = 10 Vdc, f = 1 kc) - 8 

Pulse Test: Pulse width ~ 300 µsec, Duty Cycle ~ 2% 
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-- Motorola High-Frequency Transistors --

2N1132,A,B 
For Specifications, See 2N722 Data Sheet 

2N 1141 thru 2N 1143 
2N 1195 

G. = 25 db @ 70 Mc 
NF=4-5db@ 100Mc 
Po= 300mW 

CASE 31 
(T0-5) 

PNP germanium mesa transistors for amplifier, 
driver, oscillator and doubler applications. 

MAXIMUM RATINGS 

Characteristic Symbol 2N1141 2N1142 2N1143 2N1195 Unit 

Collector-Base Voltage Vceo 35 30 25 30 Vdc --- -- -- -- -- --
Emitter-Base Voltage Veeo 1.0 0.7 0.5 1.0 Vdc --- -- -- -- -- --
Collector Current (Continuous) le 100 100 100 40 mAdc --- -- -- -- -- --
Emitter Current (Continuous) I, 100 100 100 - mAdc --- -- -- -- -- --
Base Current I, 50 50 50 - mAdc --- -- -- -- -- --
Junction Temperature TJ +100 +100 +100 +100 oc 

--- -- -- -- -- --
Storage Temperature Range Tstg -65to+loo oc 

--- -- --
Total Device Dissipation at 25 ° C Case 

Temperature (10 mW I •c1 Po 750 750 750 - mW --- -- -- -- -- --
Total Device Dissipation at 25 ° C Ambient 

Temperature (De rate 4 mW/ ° C above 25 ° C) Po 300 300 300 - mW -- -- -- -- -- --
Collector Dissipation at 25 ° C Ambient 

Temperature (Derate 3 mW/ ° C above 25 ° Cl Pc - - - 225 mW 

TRANSISTOR SELECTION CHART 

Typical 100mc Noise Ficure Minimum h,, 
Minimum BYeio @Ye,= -10Vdc, I,= lmAdc @le= -lOmAdc, Ve,= 

TYPE @le= -lOOµAdc,I, =0 R,=7!ITT -10Vdc, I= 100mc 

35Vdc 30Vdc 25 Vdc 4.0 db 4.5db 5.0db 12 db 10 db 8db 
---

2Nl141 ,,,,,, ,,,,,, ,,,,,, 
--- --------- --------- --------

2Nl142 ,,,,,, ,,,,,, ,,,,,, 
--- --------- -------- --------

2NIW ,,,,,, ,,,,,, ,,,,,, 
--- -------- --------- --------

2Nl195 ,,,,,, ,,,,,, ,,,,,, 
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--Motorola High-Frequency Transistors ---

2Nl 141·2Nl 143, 2Nl 195 (continued) 

ELECTRICAL CHARACTERISTICS (At 25 °C case temperature unless otherwise specified) 

Characteristic Symbol Minimum Typical Maximum 

Collector-Base Breakdown Voltage BVcoo 
Oc=-lOOpAdc,li;=Ol 2Nll41 35 45 

2Nll42 30 45 
2Nll43 25 45 
2Nll95 __ 30 __ __ 45_ 

Emitter·Base Breakdown Voltage BV,~ 
(l,=100µ~1,=01 2Nli41 1.0 L3 

2Nll42 0.7 1.3 
2Nll43 0.5 1.3 
2Hll9~ __jJL__ ____lJ__ 

Collector-Base Cutoff Current I= 
Nc1=-15Vdc,l,=0) 2Nll41, 2Nll42, 2Nll43 0.5 5 
~"- 20Vdc li-0! 2Nllj5 __Qj__ __ 5_ 

Emitter-Base Cutoff Current 1~ 
!Y,,- 0.S Vdc I~ -- 0) AH T~QeS __ 0.2_ 

OC Forward Current Transfer Ratio '· Ne•= lOVdc,lc= -lOmAdc) 2Nll4!,2Nll42, 2Nll43 IO 25 
2Nll95 __ 25_ 

Collector Saturation Voltage 
11,= -51lmAdc,1,=-10mAdcl 2Nll41, 2Nll42, 2Nll43 

Vcu .. 11 

0.185 
2Nll95 ___Q,m._ 

Small Signal Forward Current Transfer Ratio h., 
Ne•= -lOVdc, le= -lOmAdc, f = lOOmcJ 2Nll41 12 18 

2Nll42 IO 18 
2Nll43 8 18 
2Nll95 __ 12_ __ 18 _ ---

Small Signal Forward Current Transfer Ratio h., 
Nc1=-l0Vdc,lc= -lOmAdc,f = 1 kc) 2Nll41, 2Nll42, 2Nll43 0.98 

2Nll95 ___l1lL_ ---1lL_ ~ 
Small Signal Input Impedance h., 

Ne•= -lOVdc, le= -lOmAdc, f =I kc) 2Nll41, 2Nll42, 2Nll43 3.6 
2Nll95 --- _3_.6 _ __ IO_ 

Output Admittance h. 
Ne1=lpVdc, le=-lOmAdc, f = 1 kc) 2Nll4l.2Nll42, 2Nll43 10 

2Nll95 __ IO_ _2_0_ 
Voltage feedback Ratio h,. 

0.0013 Ve•=-10Vdc, le= -lOmAdc,f = l kc) 2Nll41, 2Nll42, 2Nll43 
2Nll95 --- ~ __!l!!QL_ 

Small Signal Current Gain Cutoff Frequency fa, 
Na.=-lOVdc,lc= -lOmAdc) All Types --- ___..!Qf1ll__ 

Base Resistance r.' 
!Va=-lOVdc, le= -IOmAdc,f =250mc) 2Nll41 65 70 

2Nll42 80 
2Nll43 110 
2Nll95 65 80 

Collector Transition Capacitance -c-.. -
!Va= -lOVdc,11=0,f=lmc) 2Nll41 I.I 1.5 

2Nll42 I.I 
2Nll43 I.I 
2Nll95 --- __ I.I_ ---

EmitterTransitionCapacitam:e C,. 
Nu-- 0.5Vdc, le -0, f - Imel Alllli!eS _2_.5_ 

Collector-Base Time Constant ~ 
!Va= -lOVdc, 11 - 3mAdc, f =30mc) AllTYl!;eS --- __ 23_ ---

Noise Figure Nf 
!Vc1= -5Vdc,11= -.8mAdc, 
f = 4.5 me, R1 = 3000) 2Nll41 3.0 

2Nll42 3.5 
2Nll43 4.0 

!Ve1 = -lOVdc, I,= 1 mA<k, 
2Nll95 3.0 

f = 100 me, R, = 750) 2Nll41 4.0 
2Nll42 4.5 
2Nll43 5.0 

Va= -10Vdc,11=1 mAdc, 
2Nll95 4.5 

f = 200 me, R, = 50n) 2Nll41 5.5 
2Nll42 6.0 
2Nl!43 6.5 
2Nll95 __ 6.0_ 

Oscillator Efficiency 
IYe1 = -20Vdc, le= -lOmAdc, f =400mc) 2N1141 20 

2Nll42 18 
2Nll43 12 
2Nll95 __ 18_ 

Collector Series Resistance r' 
!Ve1=-10Vd<:,I,= lOmAdc) AllTYJ)es 

COMMON EMITTER POWER GAIN hte, AND NOISE FIGURE versus FREQUENCY 

40 
1T 
IT 

~11~ -F-r 
0 IJ 

~ 
~ 

10 20 5() 
FREQUENCY (MCI 
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Yea=-10Vdc 
le=-lOmAdc V[ T.=25'CI 

~Pg 
h~ 
~ ~ 

0 
100 200 .500 1000 

Unit 

Vde 

Vdc 

µAde 

µAde 

Vde 

--db--

Ohms 

.umhos 

me 

~ 

--,f--

pf 

psec 

db 

--%--

Ohms 



--Motorola High-Frequenry Transistors --

2N1204,A 
2N1494,A 
2N1495 
2N1496 
2N2096 
2N2097 

VcEo = 12-25 V 
le= 500mA 
fr = 200 Mc Typ 

2N2099 
2N2100 

CASE~ CME:S 

PNP germanium epitaxial mesa transistors for high, 
speed, high-current switching in line and core driver 
applications. 

(T0-5~]\ \ (T0-31) 

2N1204,A 
2N1495 
2N2099 
2N2100 

2N1494,A 
2N1496 
2N2096 
2N2097 

MAXIMUM RATINGS 

Characteristics 
Collector-Base Voltage 

2N1204, 2N1204A, 2N1494, 2N1494A 
2N2096, 2N2099 
2Nl495, 2N1496, 2N2097, 2N2100 

Collector-Emitter Voltage 

2N2096, 2N2099 
2N1204, 2N1204A, 2N1494A 
2N2097, 2N2100 
2N1495, 2N1496 

Collector-Emitter Voltage 

2N1204, 2Nl204A, 2Nl494, 2N1494A 
2N2096, 2N2099 
2N1495, 2N1496, 2N2097, 2N2100 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation@ TC= 25°C 

All Types 
derating factor above 25°C 

Total Device Dissipation@ TA= 25°C 

T0-5 Case 
2N1204, 2N1204A, 2Nl495, 2N2099, 
derating factor above 25°C 

T0-31 Case 

2N2100 

2N1494, 2N1494A, 2N1496, 2N2096, 2N2097 
de rating factor above 25 ° C 

Operating Junction Range 
Storage Temperature Range 

8-85 

Symbol Maximum Unit 

VCBO Vdc 

20 
25 
40 

VCEO Vdc 

12 
I 15 

20 
25 

VCES Vdc 

20 
25 
40 

VEBO 4 Vdc 

Ic 500 mAdc 

PD 
750 mW 
10 mW/°C 

PD 

300 mW 
4.0 mW/°C 

500 mW 
6.67 mW/°C 

TJ 
Tstg 

-65 to +100 oc 
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--Motorola High-Frequency Transistors --

2N 1204,A SERIES (continued) 

ELECTRICAL CHARACTERISTICS (At25'Cambfeotunlmoth.,w(>enoted) 

Characteristics Symbol Minimum Typical Maximum Unit 
Collector-Base Breakdown Voltage BVCBO Vdc 

{IC= 100 µAde, IE= OJ 2N1204, 2N12Q4A, 2Nl494, 2Nl494A 20 40 
2N209"6, 2N209!. 25 
2Nl495, 2Nl496, 2N2097, 2N2I00 40 

Collector-Emitter Breakdown Voltage BVCES Vde 
{IC = 100 11Adc, V EB ~ O} 2N1204, 2Nl204A, 2Nl494, 2N1494A 20 40 

2N2096, 2N209il 25 
2Nl495, 2N1496, 2N2097, 2N2100 40 

Collector-Emitter Breakdown Voltage BY CEO Vdc 
{IC = 2 mAdc, 18 = O) 2Nl204, 2N1204A, 2Nl494. 2Nl494A 15 25 

(le = 10 mAdc, 18 = 0) 2N2096, 2N2099 12 
2N2097, 2N2100 20 
2Nl495, 2Nl496 25 

Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE "' 1 mAdc. 'c = O) 2N1204, 2N1204A, 2Nl494 thru 2N1496, 2Nl494A 

(IE"' 10 mAdc, I.C = 0) 2N2096, 2N2097, 2N2099, 2N2100 

Collector Cutoff Current 1cBo 
µAde 

(VCB = 5 Vdc; IE= O} 2Nl204, 2Nl204A, 2Nl494 thru 2N1496, 2N1494A o. 4 

(VCB = 12 Vdc. IE= OJ 2N2096, 2N2099 12 

(VCB = 15 Vdc, IE= O) 2N2097, 2N2100 12 

Emitter Cutoff Current 1EBO 
µAde 

(V OB = o. 5 Vdc, le =OJ 2Nl494 thru 2Nl496, 2Nl494A 

(VOB = 1 Vdc, le :Q) 2N2096, 2N2097, 2N2099, 2N2100 10 50 

DC Current Gain hFE 
(IC= 200 mAdc, V CE = 0, 5 Vdc) 2N1204A, 2Nl494A, 2N1495, 2Nl496 25 

(IC = 200 mAdc, V CE = 1 Vdc) 2N2097, 2N2100 30 70 

(IC =400mAdc, VCE = 1.5 Vdc)• 2N1204, 2N1494, 2N2096, :iN2099 15 35 
2N2097, 2N2100 20 50 

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(IC = 50 mAdc, IB = 2. 5 mAdc) 2N2097, 2N2100 0.3 

(IC = 200 mAdc, ·r8 = 10 mAdc) 2N1204, 2Nl204A, 2Nl494, 2Nl494A 0, 4 
2N2097, 2N2100 o. 5 
2N2096, 2N2099 0.6 

(le = 200 mAdc, IB = 20 mAdc) 2Nl495, 2Nl496 0.3 

(IC = 400 mAdc, IB = 25 mAdc)•• 2N1204A, 2N1494A, 2N1495, 2Nl496 o. 7 

Base-Emitter Saturation Voltage VBE(eat) Vdc 
(IC = 50 mAdc, IB = 2. 5 mAdc) 2N2097, 2N2100 0.5 

(IC= 200 mAdc, IB = 10 mAdc} 2Nl204, 2N1204A, 2Nl494 thru 2N1496, 2Nl494A 0.40 0,60 o. 72 
2N2097, 2N2100 0,6 
2N2096, 2N2099 ... 

Collector Output Capacitance c,. pf 
(V CB = 10 Vdc, IE = O, f = 4 me) 2Nl204, 2Nl204A, 2Nl494 thru 2Nl496, 2Nl494A 3.5 6,5 

2N2096, 2N2097, 2N2099, 2N2100 3.5 20 

Input Capacitance cib pf 
(V OB = 1 Vdc, le = 0, f = 4 me) All Types 50 

AC Current Gain .,. 
(IC= 20 mA, VCE = 10 V, f = 100 me} 2N1204, 2N1204A, 2N1494, 2Nl494A 1.1 

2Nl495, 2Nl496 
--1 

l.5 

Rise Time 

" 2N20ft7, 2N2100 20 
2Nl204, 2Nl204A, 2Nl494, 2Nl494A, 2N2096, 2N2099 35 
2N1495, 2Nl496 55 

Minority Carrier storage Time Constant ~. 
2Nl204, 2N1204A, 2N1494, 2Nl494A 30 75 
2Nl495, 2Nl496 60 

Storage Time '· 2N2097, 2N2100 50 
2N2096, 2N2099 70 

Fall Time 
2N2097, 2N2100 40 
2N2096, 2N2099 60 

*Pulse Test. Pulse width s; 1 msec, Duty cycle s; 6% 
**Pulse Test: Pulse width S 5 msec, Duty cycle S:. 2% 

RISE TIME TEST CIRCUIT STORAGE AND FALL TIME TEST CIRCUIT 

50 

10 v 

CRO OR EQUIVALENT --+ 250 {SEE NOTE ll 
TEKTRONIX TYPE 517 !H

9
RELAY 

50 I 250 50 

.... 
10 v 

8-86 

10 v - 5V --IOV 

NOTE l SCOPE IMPEDANCE SUFFICIENTLY HIGH SO THAT DOUBLING 
OR HALVING ITS VALUE DOES NOT CHANGE THE READING 

SCOPE RISE TIME FAST ENOUGH SO THAT DOUBLING OR 
HALVING ITS VALUE DOES NOT CHANGE THE READING 



--Motorola High-Frequenc;y Transistors --

2N 1204,A SERIES (continued) 

NORMALIZED CURRENT GAIN 
CHARACTERISTICS 

OJ '----''---:L---'--:L-...._,U-.,...,.--.._~,,......~. 
10 30 50 70 100 300 500 

le, COLLECTOR CURRENT (mAdc) 

CARRIER STORAGE TIME CONSTANT TEST CIRCUIT 

11, I, 20 mA 
1.5 K 

ADD SCOPE AND PROBE 
CAPACITANCE TO C, FOR 
CORRECT CALCULATION 
OF Ts (K's) 

INPUT PULSE 

_fL 
--I le-- 10 µ5" 

Vo111 
TO SCOPE 

COLLECTOR EMITTER SATURATION VOLTAGES 
versus BASE CURRENT 

1.0 

~ 0.8 

2:. 
~ 

~ 0.6 
§! 
~ 
0 

~ 0.4 

8 
j 0.2 " 

1 
'-

~ -

Ti= 25°C 

~ 

~ 
........ t-..... 

le= 500mA 

~ 1,~~oomtf 

ur50mAffi le,,.., lOmA 

il..ll 
O.l 0.3 0.5 0.7 1.0 3.0 5.0 7.0 10 30 50 

TYPICAL RISE ANO FALL· TIME BEHAVIOR 

Vee IOV 
TJ 25"C 
/IF 10 

I\ 
20 ---+--+-+-+-- t--1 -H 

~ 
~ 

50 70 IOO 

le, COLLECTOR CURRENT (mAl 

I,, BASE CURRENT (mAdc) 
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TOTAL CONTROL CHARGE 

t----+-L is),; ~ 
:;i >----+--+'c'_''+-10--+--1--+-1--H- L 

~ V1 
~ 10001---t---t-+-t--t--t-+-1-+-r+-.L.7"Z'+--t--t-+l---1_Ht-1 

700\----t---t-+-t--t--t-+-l-t-io'f--!--+--+-+-t-1 

~ 500 l---+--t-+-+--t--+---b'lp-t-H--1---+-+-+-'-' 

e1 VJd 8 
~ 300!---t---t-+.~l7!--+-+-+-+-H1--+--+--t-+--+-~ 

~ -t-+--1 

100 ~-+---t-+-+--+---+-~-+-H--~.L_'--'-'-' 
LO 3.0 5.0 7.0 IO JO 50 

18, BASE CURRENT !mAdc) 

I 
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- Motorola High-Frequency Transistors-

2N142Q For Specifications, See 2N697 Data Sheet 

2N 1494, A thru 2N 1496 For Specifications, See 2Nl204 Data Sheet 

2N1561 
2N1562 
2N1692 
2N1693 

G. = 5-6db@ 160 Mc 
P0 = 0.4-0.5 W@ 160 Mc 

PNP germanium mesa transistors for VHF power 
amplifier applications. 

CASE 23 CASE 24 
2Nl561 2N1692 
2N1562 2N1693 

MAXIMUM RATINGS 

Characteristic Symbol Type Rat1n1 

Collector-Base Voltage VcBo 25 

Collector-Emitter Voltage VcEs 25 

Emitter-Base Voltage VEBO 2Nl561,2Nl692 3* 
2Nl562,2Nl693 2* 

Collector DC Current (Continuous) le 250 

Collector Current (Instantaneous) le 500 

Junction Temperature T...1. 100 

Storage Temperature Range T .. , -65 to +100 

Total Device Dissipation at 
25°C Case Temperature Pn 3 
(Derate 40 mw;0 c above 25°C) 

Total Device Dissipation at 
25°C Ambient Temperature Pn 2Nl561,2Nl562 250 
(Derate 3.3 mW/°C above 25°C) 2Nl692,2Nl693 350 

•May be exceeded provided total rated device dissipation is not exceeded. 

POWER GAIN versus FREQUENCY 

14~--,--,---,---,----.----.--, 

g 10 

;:; e 8>---+---t--+-~+
!'E 

·<Ji i 6 

J 41----1-----+--+--l--Tlt----t--I 

•'--11--'---"'-----'--~-~--
o 50 70 100 150 200 300 400 

FREQUENCY !MEGACYCLES) 
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SAFE OPERATING AREA 

600 --··· --1 I 
ABSOLOTE MAXIMUM LIMIT 

.. j._. 

''="""~~"""''"""""""' 0 5 10 15 20 25 
v~,., C0LLECTOR"8ASE YOLTAG! (VOLTS) 

Unit 

v 
v 
v 
v 

mAdc 

ma 
oc 
oc 

Watts 

mW 



--Motorola High-Frequem;y Transistors --

2N1561, 2N1562, 2N1692, 2N1693 (continued) 

ELECTRICAL CHARACTERISTICS (At2.5"CunlOS1othcrwlteaoted) 

n..mlllll ., .... "" ... "' Collector-8111 lll1kdowo Yoltqe BVcBO 25 -
1, = O, lo= -100,.Adc: 

Collector.fmltter Bre1kdown Yoltqe BVou 25 -v .. = O,lc = -100,.Adc 
Collector Cutoff Current 1 ... - 1.5 

I.=0.Vc•=-10Vele 
Emitter Cutoff Current ••mo 2Nl562, 2Nl693 - 5.0 

lo= O, Vn = -0.4 Vele 
Emilttr Cutoff Current 1 ... 2N1561, 2Nl692 - 5.0 

le= 0, Vn = -1.0Vele 
Colloctor Saturetlon Yolllp VCll(Htl 2N1561, 2Nl692 - -

le = -200 mAdc, lo = -40 mAdc 2N!562, 2Nl693 - -
Smoll Slpol Forword Current Trolllfer Rollo h .. 2Nl561, 2Nl692 - 10 

le= -50mAtlc, V .. = -IOVdc, 2N1562, 2Nl693 - 9 
f= 160mc 

Colloctor Clpac:lllnc1 c .. - - 7 
1. = 0, v .. = -10 Vele 

Current Galn-81ndwldlb Product f• 2N1561, 2Nl692 - 500 
le= -50mAdc;Vc•= -IOVele 2N1562, 2Nl693 - 450 

8111 R1slsllnc1 ... - - 25 
I.= -20mAdc, v .. = -IOVele, f =300mc 

Power Output p, 2Nl561, 2Nl692 0.5 -
lo= -IOOmAeleMax, f= 160mc 
Ve•= 15 Vele, P,, = 125 mW 

2N1562, 2N1693 0.4 -
-

P_,Galn o. 2N15&1, 2N1692 & -
lc=-IOOmAtlcMax, 
Vca=-15Vdc,f= 160mc, 
P.=0.5Watt 

P_,Glln o. 2Nl562, 2N1693 5 -
lc = -100 mAclC Max, 
V .. =-15Vdc,f= 160mc. 
P,=0.4Watt . 

POWER OUT, COLLECTOR CURRENT AND COLLECTOR EFFICIENCY versus POWER IN 

2N1561/2Nl692 
100 

v~.K = -15Vdc 

100~ I. BO f= 160mc 

Lo 
T,, = 2s0 c l; E o. 80 15 

! &i 
60 ~ 5 0.6 s 40 

0 ~ i 0.4 I 20- 40 ~ 
i5 

,: 0.2 20 ~ 
_;, 

- 1.0 ii 
5 1 
!. o.s I g 
Ill: 0.6 

~ ~ ~ 0.4 

8 
0.2 _;, 

10 

8 

4 

2Nl562/2Nl693 .-.-
Ye~= -15Vdc 
f = 160mc 
lt. = 25°C 

... 
-
-
10 

-
-

3.0 
4.0 

--
10 

--
-
--

-

-

00 
'--~'---"''----''---"~...._~...,,a 

00 

I. I !'! ! 0. I g 0. 

L. I .J 
0. 

~ 

25 50 75 100 
P1., POWER IN (mW) 

125 150 25 50 75 100 125 150 
P In• POWER IN (mW) 

POWER OUT, COLLECTOR CURRENT AND COLLECTOR EFFICIENCY versus FREQUENCY 

2Nl561/2Nl692 

""I i-- -Q T 
60 1 '; 
60 

r--,._ .. ]"-,.. 

---~ I' 
40 

~ ...... 
2 

' Y(··=-15Vdc t•.,= 125mW T,,= 2s0c 
0 j_ _l 

0 40 60 80 100 160 200 
FREQUENCY (MEGACYCLES) 

100 

i 
80 i 
60 $ 

~ 

40 e 
~ 

20 a 
;, 

0 
300 400 

1.0 

s 0.8 
!. 

~ 0.6 

I 
.. 0.4 .. • 

0.2 
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2Nl562/2Nl693 

u1n 
Ydc 

Vdc 

,,,.,. 
mAdc 

mMc 

Ydc 
Vdc ... 
db 

pl 

me 
me 

Ohms 

Witts 
Witts 

db 

db 

I 
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--Motorola High-Frequency Transistors --

2N1561, 2N1562, 2N1692, 2N1693 (continued) 

1. 100 

u 
80 s 0. 1 

i ~ 0.6 60 

ii 
~ 0.4 ~ 40 

~ .: 8 0. 20 
_p 

2N)6)3 

2N1692 
2N1693 

2N)7)) 

2N199) 

2N2096 
2N2097 
2N2099 
2N2100 

POWER OUT, COLLECTOR CURRENT AND COLLECTOR EFFICIENCY versus COLLECTOR-EMITTER VOLTAGE 

2Nl561/2N1692 2Nl562/2Nl693 
1.0 100 

80~ Ui" 0.8 ! so 

60~ i z 
g 0.6 ~ 60 

$ ~ 

40 ~ ~ 0.4 § 40 

~ . g 
PIN:::: 125mW 20u 0.2 3 20 f:::: 160mc ~ 

TA:::25°C 
0 

10 15 0 5 10 

V0 :, COLLECTOR-EMITTER VOLTAGE (VOLTS) Vn:. COLLECTOR-EMITTER VOLTAGE lVOLTSl 

For Specifications, See 2N718A Data Sheet 

For Specifications, See 2Nl561 Data Sheet 

For Specifications, See 2N718A Data Sheet 

For Specifications, See 2Nll31 Data Sheet 

For Specifications, See 2Nl204 Data Sheet 

8-90 

80 ~ 
t; 

60 ~ 
~ 

40 g 
~ 

20 8 
~ 

15 



-- Motorola High-Frequency Transistors --

2N2192,A,B thru 2N2195,A,B 
V CEO = 25-50 V 
le= lA 
fr= 250Mc 

NPN silicon annular transistors for high-current 
switching and amplifier applications. 

CASE 31 
(T0-5) 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation 
@ 25°C Case Temperature 

Derating Factor Above 25°C 

Total Device Dissipation 
@ 25°C Case Temperature 

Derating Factor Above 25°C 

Junction Tenwerature, Operating 

Storage Temperature Range 

Symbol 

VCBO 

VCEO 

VEBO 

Ic 

PD 

PD 

TJ 

Tstg 

8-91 

2N2192 
2N2192A 2N2193 2N2195 
2N2192B 2N2193A 2N2195A UNIT 
2N2194 2N2193B 2N2195B 
2N2194A 
2N2194B 

60 80 45 Vdc 

40 50 25 Vdc 

5 8 5 Vdc 

1.0 1.0 1.0 Ade 

o. 8 o. 8 o. 6 Watt 

4.56 4.56 3.43 mW/°C 

- 2.8 Watts - 16 mW/°C 

-65 to +200 oc 

-65 to +300 oc 

I 
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-- Motorola High-Frequency Transistors --

2N2192,A,B thru 2N2195,A,B (continued) 

ELECTRICAL CHARACTERISTICS (at25'C unless otherwise specified) 

Characteristics 

Collector-Base Breakdown Voltar.;e 
(le - 100 µAde, 'E - O) 2N2192, A. B, 2N2194, A, R 

2N2193, A. B 
2N2195, A, B 

Colleclor Emitter-Open Base Sustain Voltaf!;e• 
(IC "' 25 mA pulsed, ID - O) 2N2192, A, J3, 2N2194, A. B 

2N2193, A, B 
2N2195, A, B 

Emitter-Base Breakdown Voltage 
(IE= 100 µAde, le m O) 2N2192, A, B, 2N2194, A, B, 

2N2l95, A, I3 
2N2193, A, B 

Collector Cutoff Current 
{V CB "'30 Vdc, IE "'O) 2N2192, A, B, 2N2194, A, B 

2N2195, A, B 

{V CB "'30 Vdc, IE "'0, TA ,. 150 C) 2N2192, 11., 8 
2N2194, A, B 
2N2195, A, B 

CVc8 =60Vctc, IE~o) 2N2Hl3, A, B 

(V CB K 60 Vdc, IE ~ O, TA z 150' C) 2N2193, A, B 

Emitter Cutoff Current 
(V EB - 3 Vdc, IC - O) 2N2192, A, B, 2N2194, A, B 

2N2195, A, B 

(V EB - 5 Vdc, le - 0) 2N2193, A, B 

Collector-Emitter Saturation Voltage 
(IC " 150 mAdc, IB = 15 mAdc) 2N2192 thru 2N2195 

2N2192A thru 2N2195A 
2N2192B thru 2N2195B 

Base-Emitter Saturation Voltage 
(le - 150 mAdc, IB = 15 mAdc) AU Types 

DC Current Gain* 
(IC - 0.1 mAdc, V CE=- IO Vdc) 2N2192, A, B, 2N2193, A, B 

(le - IO mAdc, v CE= 10 Vdc) 2N2I92, A, B 
2N2193, A, B 
2N2194, A, B 

(le - 10 mAdc, v CE - 10 Vdc, TA"' -55°C) 2N2192, A, B 
2N2193, A, B 

(IC -150 mAdc, VCE: 10 Vdc) 2N2192, A, B 
2N2193, A, B 
2N2194, A, B 
2N2195, A, B 

(IC " 150 mAdc, V CE ., 1,0 Vdc) 2N2192, A, B 
2N2193, A, B 
2N2194, A, B 
2N2195, A, B 

(IC - 500 mAdc, V CE = 10 V<lc) 2N2192, A, B 
2N2193, A, B 
2N2194. A, B 

(le" LO Ade, YcE" 10 Vdc) 2N2192, A, B, 2N2193, A, B 

Output Capacitance 
(V CB~ 10 Vdc, IE., O, f _, 1.0 me) All Types 

Small Signal Current Gain 
(IC,_ 50 mA, YCE = lOV, f., 20 me) All Types 

Rise Time 1 
Storage Time 1 2N2192-94, 2N2192A-94A, 2N21928-948 

Fall Time -, 
*Pulse Test: PW,::;. 300 µsec, Duty Cycle~ 2% 

2N2192,A,B-V":::: 7.51/,Vb:::: 7.51/ 

2N2193,A,B} 
V":::: 151/,Vb::: ISV 

2N2194, A, B 

v.::_n_ 
0 10 
~µsecl--
t.:::: 20 nsec 

t,:::: 20 nsec 

R~,, :::: 50 ~! 

8-92 

Symbol Min 

nvcoo 
60 
80 
45 

v • 
CEO{sus) 

40 
50 
25 

BVEBO 

'coo 

1EBO 

VCE(sat) 

VBE(sat) 

hFE* 
15 

75 
30 
15 

35 
20 

100 
4U 
20 
20 

70 
30 
15 
10 

. 35 
20 
12 
15 

c,, 

h,, 
2.0 

( 

' 
t, 

330 pf 

... 

,010 
.100 

15 
25 
50 

.010 

25 

,050 
.100 

.050 

0,35 
0,25 
0.18 

1.3 

300 
120 

60 

20 

70 

150 

50 

Unit 

Vdc 

Vdc 

Vdc 

µAdt: 

µAde 

Vdc 

Vdc 

pf 

Scope Input: 
R = 10 Megohms 

c = 11.5 pf 



--Motorola High-Frequency Transistors --

2N2217 thru 2N2222 

VcEo= 30V 
fr = 400 Mc Typ 

NPN silicon annular Star transistors for high-speed 
switching and DC to UHF amplifier applications. 

CASE 22 
(T0·18) 

CASE 31 
(T0-5) 

ABSOLUTE MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Total Device Dissipation at 
25°C Case Temperature 

Derating Factor Above 25°C 

Total Device Dissipation at 
25°C Ambient Temperatures 

Derating Factor Above 25°C 

Junction Temperature 

Storage Temperature 

Symbol 

Vcoo 

Vceo 

V.,o 

Po 

Po 

Tj 

T,,. 

8-93 

2N2217-19 2N2220·22 Unit 
(T0-5) (T0-18) 

60 60 Vdc 

30 30 Vdc 

5 5 Vdc 

3 1.8 Watts 
20 12 mW/°C 

0.8 0.5 Watts 
5.33 3.33 mW/°C 

-65to+175 oc 

-65 to +300 oc 
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-- Motorola High-Frequency Transistors --

2N2217 thru 2N2222 (continued) 

ELECTRICAL CHARACTERISTICS (At 25'C unless otherwise noted) 

Characteristic 

Collector Cutoff Current 
!Va= 50 Vdc, I, = 0) 

Collector Cutoff Current 
(Vc1 = 50 Vdc, T..., = 1S0°C) 

Collector-Base Breakdown Voltage 
Oe = 10 µAde, I,= 0) 

Collector-Emitter Breakdown Voltage 
Oe = 10 mAdc, I, = 0) 

Emitter-Base Breakdown Voltage 
(I,= 10 µAde, le= 0) 

Collector Saturation Voltage 
Oe = 150 mAde, I,= 15 mAde) All Types 
Oe = 500 mAde, I, = 50 mAdc) 

2N2218, 2N2219 
2N2221, 2N2222 

Base-Emitter Saturation Voltage 
Oc = 150 mAdc, 11 = 15 mAdc) All Types 
Oe = 500 mAde, I,= 50 mAdc) 

2N22!8, 2N2219 
2N2221, 2N2222 

DC Forward Current Transfer Ratio 
Oc = 0.1 mAdc, VcE = 10 Vdc) 

2N2218, 2N2221 
2N2219, 2N2222 

Oe = 1.0 mAde, Ve, = 10 Vdc) 
2N2217, 2N2220 
2N2218, 2N2221 
2N2219, 2N2222 

'(le= 10 mAdc, Yee:::::: 10 Vdc) 
2N2217, 2N2220 
2N2218, 2N2221 
2N2219, 2N2222 

Oc = 150 mAdc, VcE = 10 Vdc) * 
2N2217, 2N2220 
2N2218, 2N2221 
2N2219, 2N2222 

Oc = 500 mAdc, VcE = 10 Vdc) * 
2N2218, 2N2221 
2N2219, 2N2222 

Output Capacitance 
Yeo= 10 Vde, I,= 0, f = lOOKC 

Input Capacitance 
V., = 0.5 Vde, le = 0, f = IOOKC 

Small Signal Forward Current Transfer Ratio 
(Ve,= 20 Vde, le= 20 mAde, f = lOOmc) 

Current Gain - Bandwidth Product 
Oe = 20 mAdc, Ve, = 20 Vde) 

Turn-on Time 
(Fig. 1) 

Turn-off Time 
(Fig. 2) 

Total Switching Time 
(Fig. 3) 

•Pulse Test: 
Pulse width ~ 300 .asec 
Duty Cycle ~ 2 % 

Symbol Min. Typ. 

1 • ., 
- .001 

leoo 
- -

BVc10 
60 90 

BVcEo 
30 45 

BVHo 
5 -

YcE(utl 
. 

- 0.24 

- 0.8 

YeE(s•tJ 
. 

- 1.0 

- 1.5 

h., 

20 -
35 -
12 -
25 -
50 -
17 -
35 -
75 -
20 -
40 -

100 -
20 -
30 -

c., 
- 4 

c,b 
- 20 

h,, 
2.5 4.0 

fr 
250 400 

t.. - 26 

t.,,, 
- 68 

ttot•I 

- 12 

Mn. 

.OJ 

10 

-

-

-

o.~ 

1.6 

1.3 

2.6 

--
-
--
-
-
-
60 

120 
300 

-
-

8 

-

-

-
-

-

-

FOR DESIGN CURVES SEE 2N2218A DATA SHEET 
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Unit 

µAde 

µAde 

Vde 

Vde 

Vdc 

Vde 

Vdc 

Vdc 

Vdc 

-
-

--
-
-
-
-

---
-
-
pf 

pf 

-

me 

nsec 

nsec 

nsec 



-- Motorola High-Frequency Transistors --

2N2218A 
2N2219A 
2N2221A 
2N2222A 

VcEO = 40V 
fr= 400 Mc Typ 

\ \ NPN silicon annular Star transistors for high-speed 
, \switching and DC to VHF amplifier applications. 

CASE 22 
(T0-18) 

ABSOLUTE MAXIMUM RATINGS 

2N2218A 
Characteristic Symbol 2N2219A 

(T0-5) 

Collector-Base Voltage VCBO 75 

---
Collector-Emitter Voltage VcEO 40 

---
Emitter-Base Voltage VEBO 6 

---
Total Device Dissipation at 

25- C Case Temperature Pn 3 
Derating Factor Above 25 C 20 

---
Total Device Dissipation at 

25 C Ambient Temperature Pn 0. 8 
Derating Factor Above 25 C 5. 33 

---
Junction Temperature Range T· 

J 
---

Storage Temperature Range Tstg 

TYPICAL CURRENT GAIN CHARACTERISTICS 

2.0 

1.0 

0.5 

0.2 
0.1 0.2 0.5 1.0 2.0 5.0 10 20 

le, COLLECTOR CURRENT (mAdc) 

8-95 

2N2221A 
2N2222A Unit 
(T0-18) 

75 Vdc 

---
40 Vdc 

---
6 Vdc 

·---
1. 8 Watts 
12 mW/'C 

---
0. 5 Watts 
3. 33 mW/'C 

---
-65to+l75 'C 

---
-65 to +300 'C 

50 100 

I 
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-- Motorola High-Frequency Transistors --

2N2218A, 2N2219A, .2N2221A, 2N2222A (continued) 

ELECTRICAL CHARACTERISTICS 
(At 25'C Ambient temperature unless otherwise specified.) 

Static Characteristics Symbol Min 

Collector-Base Breakdown Voltage BVcao 75 
~ = 10 µAde, IE= 0) Ali Types 

Collector-Emitter Breakdown Voltage BVCEO 40 
(le = 10 mAdc, IB = 0) All Types 

Emitter-Base Breakdown Voltage BVEBO 6 
(IE= lOµAdc, le= 0) All Types 

Collector Cutoff Current 1cao 
(Vea= 60 Vdc, IE= 0) All Types -
(Vea= 60 Vdc, IE= o, TA= 150'C) All Types -

Collector Cutoff Current 1CEX 
(V CE= 60 Vdc, V OB = 3Vdc) All Types -

Bas·e Cutoff Current 1BL 
(VcE = 60 Vdc, YOB= 3 Vdc) All Types -

Emitter Cutoff Current 1EBO 
(YOB= 3 Vdc, le= 0) All Types -

Collector-Emitter Saturation Voltage* v • 
(le = 150 mAdc, IB = 15 mAdc) All Types 

CE (sat) 
-

(le = 500 mAdc, IB = 50 mAdc) All Types -
Base-Emitter Saturation Voltage v * 

(IC = 150 mAdc, 18 = 15 mAdc) All Types 
BE(sat) o. 6 

(le = 500 mAde, IB = 50 mAdc) All Types -
DC Forward Current Transfer"""Rati~ hFE 

. 
(le = 0. 1 mAdc, v CE = 10 Vdc) 2N2218A, 2N2221A 20 

2N2219A, 2N2222A 35 

(le = 1. o mAde, v CE = 10 Vdc) 2N2218A, 2N2221A 25 
2N2219A, 2N2222A 50 

(le = 10 mAdc, v CE = 10 Vdc) 2N2218A, 2N2221A 35 
2N2219A, 2N2222A 75 

(le = 10 mAde, v CE = 10 Vde, 2N2218A, 2N2221A 15 
TA = -55'C1 2N22 l 9A, 2N2222A 35 

(le = 150 mAde, VcE = 10 Vdc) 2N2218A, 2N2221A 40 
2N2219A, 2N2222A 100 

(le = 150 mAdc, V CE = 1. 0 Vde) 2N2218A, 2N2221A 20 
2N2219A, 2N2222A 50 

(le = 500 mAdc, V CE= 10 Vdc) 2N2218A, 2N2221A 25 
2N2219A, 2N2222A 40 

• Pulse Test S. 300 µsec, ctuty cycle $ 2% V OB - Base-Emitter Reverse Bias 

Smal1Signa1Char;icteristin 

Small Signal Current Gain 
(IC "' 1.0 mA, V C - 10 V, f - 1 kc) 

(le" lOmA, Ve - lOV, f,, 1 kc) 

Voltage Feedback Ratio 
(le " LO mA, v c - 10 v, f ., I kc) 

(IC "' 10 mA, V C ~ 10 V, f,,, 1 kc) 

Input Impedance 
(IC "' 1.0 mA, V CB ,. 10 V, f ,, 1 kc) 

(le - 10 mA, Ven - 10 v, r - I kc) 

Output Admittance 
(IC - 1.0 mA, V C ., 10 V, f "' 1 kc) 

(IC - 10 mA, v c - 10 v' f - 1 kc) 

Collector-Base Time Constant 
(IC - 20 mA, V CE "'20 V, f"' 31.8 me) 

Noise Figure 
(IC " 100µ A, V CE" 10 V, Rg ., 1 k.Q, f,,, 1 kc) 

2N2218A, 2N2221A 
2N2219A, 2N2222A 

2N2218A, 2N2221A 
2N2219A, 2N2222A 

2N2218A, 2N2221A 
2N2219A, 2N2222A 

2N2218A, 2N2221A 
2N2219A, 2N2222A 

2N2218A, 2N2221A 
2N2219A, 2N2222A 

2N2218A, 2N2221A 
2N2219A, 2N2222A 

2N2218A, 2N2221A 
2N2219A, 2N2222A 

2N2218A, 2N2221A 
2N2219A, 2N2222A 

2N2219A, 2N2222A 

8-96 

Symbol 

,. c 
b ' 

Min 

30 
50 

50 
75 

1 
2.0 

0.2 
0.25 

10 
25 

Max 

-

-
-

0.01 

10 

10 

20 

10 

0.3 

1.0 

1.2 

2.0 

--
-
-
--
--
120 
300 

--
--

... 
150 
300 

300 
375 

2.5 
4 

3.5 
8 

1.0 
1.25 

15 
35 

100 
200 

150 

Unit 

Vde 

-We 

Vcfc 

µA.ac 

nAdc 

nAdc 

nAoc 

Vdc 

Vde 

-

Unit 

k ohms 

µmhos 

psec 

db 



--Motorola High-Frequency Transistors --

2N2218A, 2N2219A, 2N2221A, 2N2222A (continued) 

SMALL SIGNAL FORWARD CURRENT GAIN AND VOLTAGE FEEDBACK RATIO versus COLLECTOR CURRENT 

2N2218A, 2N2221A 
IVCE;:::lOV @1Kc) 

2N2219A, 2N2222A 
•oo -----------~T-1----40 400 ...., 
200 l--l-l--l--l-+.++-++l--+---+--l-H-1f ~ 20 200 ~ h,, 

loofi;:" ~ i.-+-1 ..... ~ 10 

20 L-_J___J__J__j__t...J..Jo.Ul.1--1--1--1---1--1--1-1--1-UD-l-I 2.0 

'lo... li. ;pM-1 
1,0 ~i;i;;;i;;;El;tWJ;;;;;;Eii:;;;;j;;~;;l:1m;;;;;EJ 1.o t 0.8 

0.1 0.2 0.5 1.0 2.0 5.0 10 20 

le, COLLECTOR CURRENT (mAdc) 

100 

20 

10 
8 
0.1 0.2 

-~ 

0.5 1.0 2.0 
le, COLLECTOR CURRENT fmAdc) 

SMALL SIGNAL INPUT IMPEDANCE AND OUTPUT CONDUCTANCE versus COLLECTOR CURRENT 

2N2218A, 2N2221A 
10 

~ hj. 
6.0 l"'l;I 

4.0 ro;;: 
K: 

"' 1.)' 

!Vco lOV@ 1 Kcl 

100 

"·· ;iz:: +-
60 

40 
~ 
~ 

20 .5 
} 

.. 
~ 

J:::.= 

20 

10 

6.0 

4.0 

2.0 

2N2219A, 2N2222A 

1"' ::r 
""" 

hj. 

1'. 
~ 

-J-

h,, ~ 

5.0 10.0 20 

rm m u 
•.,_±+-

IS 
~ ~ 

p17 ~ 1.0 JO 
1.0 

0.6 6.0 

40 

20 

10 

6.0 

4.0 

2.0 

l.O 

200 

100 

60 ~ 

40 ~ 
3 

20 } 

10 

J;;; 
0.4 4.0 

0.1 0.2 0.4 0.6 1.0 2.0 4.0 6.0 fO 20 

0 6 

04 
0.1 0.2 0.5 10 

4 
20 

10 

0 
100 

I,, COLLECTOR CURRENT (mAdc) 

1 KC NOISE FIGURE versus SOURCE IMPEDANCE 

T,.::: 25°C 
Ve::: IOV 

le::: l.OmAY !)'V ,, f1 I 
II 

17 lc=lDOµ.AY°V 

rx V7'1,::: 10µ.A 

~ ~ 
~ 

4 6 I K 4 6 lOK 2 4 6 100 K 

R~, SOURCE IMPEDANCE (ohms) 

8-97 

10 COLLECTOR CURRENT (mAdc) 

NOISE FIGURE versus FREQUENCY 

le::: 10µ.A 
R~::: 4.3Kn 

1 Kc 4 Kc IO Kc 
f, FREQUENCY (CPS) 

l l 
Ve::: lOV +
T,,, = 25°C 

40 Kc 100 Kc 

I 
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--Motorola High-Frequency Transistors --

2N2218A, 2N2219A, 2N222lA, 2N2222A (continued) 

COLLECTOR SATURATION VOLTAGE versus BASE CURRENT 

i.o----~--1----\~--.--.T--.----.-\..--.---.--.----.---,N...,2-21-aA-, 2""'N2_2_21,..A..., 

0.8 l-....l-...J....-+--+-,,-=-1-\-o -mA-l--'-+-1--l--,l-l=-10-0l-mA---+-\~1---1--1----+----+-'•_=_2-150-c -t--i 
o.s l--1---1---1--+-+-1--l--+!-1-""-~\H-----+-;H--l-l---lf---f--l-t-I 

0.4 1--1--L-''_j-l~-O~mA----l.~--1-~l,'--=-5-l-;\-mA+---+~+~---1-I-, ~--~2~µ0~1.-A+1'-+t--_---+---+--+-+-i 

o.2 LLL~>..l'---L___:">.+::Llt--1-~~~-1-_::~=--,l:.-:il-1-_-l~---_.:.. __ =+= 
1

==1--f-H 

oo.o L,-LoL.1 __ ....J. __ _Jo.L4 -L..L-i.Lo __ ....1.. __ -1. __ 4.1..o--1L......J10'----'----,1::-o--'--l-"'.:'100 

11, BASE CURRENT (mAdc) 

I\ 
lc=50mA 

'\1 
le= 200mA 

T 
2N2219A, 2N2222A 

T) = 25°C 

OL--....1....-1-----L----l-....l....--l--J'----'----.1--.I--'--'----'----'---'---'--' 
0.06 0.1 0.4 1.0 4.0 10 40 100 

111 BASE CURRENT (mAdc) 

CURRENT GAIN - BANDWIDTH PRODUCT and COLLECTOR 
, BASE TIME CONSTANT versus COLLECTOR CURRENT 

140---------------

1201---1--+--+-+--+-+--+-+--+---< 
I\ Vc1 ::::lOV ~ 
Ll_ T.., = 2s0 c ~ 

~ ~ ~ -~ 
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--Motorola High-Frequency Transistors --

2N2220 

For Specifications, See 2N2217 Data Sheet 

2N2256 thru 2N2259 VcEs =7V 
lc=lOOmA 
fr= 320Mc 

CASE 22 
(T0-18) 

NPN silicon and PNP germanium mesa complemen
tary transistors for high-speed non- saturated switching 
applications. 

MAXIMUM RATINGS 

2N2256 2N2258 
Characteristic Symbol 2N2257 2N2259 Unit 

Collector-Base Voltage Vcao 7 7 Vdc 
--- ---

Collector-Emitter Voltage VcEs 7 7 Vdc 
--- ---

Emitter-Base Voltage VEBO I 1 Vdc 
--- ---

DC Collector Current le 100 100 mAdc 
--- ---

Storage Temperature TsrG 65 to +175 65 to +100 oc 
--- ---

Junction Temperature T, +175 +100 oc 
--- ---

Device Dissipation at 25°C Case Po 1000 300 mW 

Derating factor above 25°C 6.67 4 mW 1°C 
--- ---

Device Dissipation at 25°C Ambient Po 300 150 mW 

Derating factor above 25°C 2 2 mW/°C 

TRANSISTOR SELECTION CHART 

TYPE h,. (a> le= 25 mA 

nPE NPN PNP 20 40 

2N2256 x x 
·. 

2N2257 x x 
2N2258 x x 
2N2259 x x 
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-- Motorola High.Frequency Transistors --

2N2256 thru .2N2259 (continued) 

ELECTRICAL CHARACTERISTICS 
(At 25°C unless otherwise noted) - All voltages and currents are magnitudes only) 

Characteristic Symbol Minimum .Typical Maximum Unit 

Collector-Base Breakdown Voltage BVcoo 
le= lOOµAdc I,= 0 All TYPES 7 15 - Vdc 

Collector-Emitter Breakdown Voltage BVcu 
le= lOOµAdc v .. = o All TYPES 7 15 - Vdc 

Emitter-Base Breakdown Voltage BVuo 
I,= lOOµAdc le= 0 All TYPES 1 - - Vdc 

Collector Cutoff Current leoo 
Veo = 6Vdc 1, =0 All TYPES - 3 10 µAde 

Collector Cutoff Current le;., 
Yeo= 6Vdc le=O TA = 65°C All TYPES - 30 100 µAde 

DC Forward Current Transfer Ratio h,. 
le= lOmAdc Ve,= lVdc 2N2256, 2N2258 17 30 -

2N2257,2N2259 40 50 -
le= 25mAdc Ve,= lVdc 2N2256,2N2258 20 35 -

2N2257 2N2259 40 55 -
Base-Emitter Voltage v .. 

le= lOmAdc Ve,= lVdc 2N2256,2N2257 - 0.70 0.8 Vdc 
2N2258, 2N2259 - 0.35 0.5 Vde 

le= 25mAdc Ve,= !Vdc 2N2256,2N2257 - 0.8 0.9 Vde 
2N2258, 2N2259 - 0.45 0.6 Vdc 

Conduction Threshold Yr 
Base-Emitter Voltage* 2N2256,2N2257 0.5 - - Vde 

le= 200µA Ve,= 6V 2N2258,2N2259 0.1 - -
Collector Output Capacitance c •• 

Yeo= 5Vdc l,=O f = 4mc 2N2256, 2N2257 - 4 5 pf 
2N2258, 2N2259 - 4 8 pf 

Current-Gain - Bandwidth Product IT 
Ve, = 1 V, le = 10 mA 2N2258, 2N2259 (Ge) } 250 320 - me 
Va = 15 V, le = 10 mA 2N2256, 2N2257 (Si) 

Turn-on Time t.. 
2N2256,2N2257 - 3 7 nsee 
2N2258,2N2259 - 4 8 

Turn-off Time t.11 
4 7 2N2256,2N2257 - nsee 

2N2258,2N2259 - 3 7 

Base Resistance r'. 
Yeo= 2V l,=5mA f = 300mc 2N2256, 2N225.7 - 50 100 c~ms 

2N2258,2N2259 - 75 125 

•Base to emitter forward bias voltaae at ·which transistor will be at the threshold of conduction; i.e. that bak to 
emitter voltage at which the collector current is less than or equal to the specified amount under a 1iven 
collector to emitter voltage condition. 
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--Motorola High-Frequency Transistors --

2N2256 thru 2N2259 (continued) 

+3V 

t.,t,< lNSEC 
Rs= son l' Sµf 

~-;u- 1000 
OSCILLOSCOPE 

GROUND '5.2 K It, < 0.7 NSEC) 

Pf ANES 
GR01UND 

500 

:SDn 
PLANE 

3-1500 IN916 RESISTORS 5Dn IN A "Y" 
CONFIGURATION 

I K l'O.OSµf 

-22V 
l" 0.05,u.f 

NPN SWITCHING TIME TEST CIRCUIT 

CASCADE COMPLEMENTARY 
GATE 

-IV 

STATIC CHARACTERISTICS 

t-- - - T'fl'ICAL tUl\lt '" tt"C IO&!i"C 
·..-·-·-1Yf'ICALCUlll£••0''C 

ID'--...1.---'----'-'-'"'-"~'m _ _..._..._1_.._ _ _.___. 
5 10 20 30 40 50 

le , COLLECTOR CURRENT (mA) 

CURRENT GAIN CHARACTERISTICS 

t.,t1 <1 NSEC 
Rs= son 

3-1500 
RESISTORS 

IN A "Y" 
CONFIGURATION 

son 

IOOU 
GROUND 
PLANES 

:son 

+22V 

-3V 

1" Sµf 

GROUND 
PLANE 

OSCILLOSCOPE 
It, < 0.7 NSEC) 

5011 

IN916 
+---<o--.--o +IV 

l K l' 0.05µ1 

l" 0.05µ.f 

PNP SWITCHING TIME TEST CIRCUIT 

"1111''/"GR"GlTES 

"TIWISlllOll 
S3llfi$ 

·-18¥ """~ -18V 

I _,:n_ 
i 
I 
I 
I 

CURRENT MODE INVERTER FOR 
USE WITH DIODE LOGIC 

PROPAGATION DELAY TIME IOnSec. 

DYNAMIC CHARACTERISTICS 

soo~~--~--,-.,,-,,,-(11r,.--~--~---.----, 

i 4001---=--=-=~:::-'_'"'_11:-IJRYro---+---t-----+-----1 
g - r---1------------
~ 300 .,,,,,,.-1'"" i 2so LL ~ !"-. 
~200v , 
~ 150 0---+---+----+----t------~ 
~ 

100'--_. __ _... __ _.. __ .._ ___ ..._ _ __. 

5 10 15 20 35 50 
le , COLLECTOR C0RRENT (mAJ 

GAIN-BANDWIDTH PRODUCT CHARACTERISTICS 

8-101 

I 



I 

- Motorola High-Frequency Transistors --

2N2303 For Specifications, See 2N722 Data Sheet 

2N2330 
2N233) 

Vceo= 30V 
VeqsatJ = 3 mV 

' 
NPN silicon annular Star transistors for low-level 

DC/AC chopper applications. 

CASE 22 CASE 31 
(T0-18) (T0-5) 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Total Device Dissipation 
at 25°C Case Temperature 
Derating Factor Above 25"C 

Total Device Dissipation 
at 25°C Ambient Temperature 
Derating Factor Above 25°C 

Junction Temperature 

Storage Temperature 

INVERSE SATURATION VOLTAGE 
versus 

EMITTER CURRENT 

Symbol 

Vcao 

Vceo 

Veao 

Po 

Po 

Ti 

T,,9 

> 
.§ 7 

8-102 

2N2330 2N2331 
Unit (T0·5) (T0-18) 

30 30 Vdc 

20 20 Vdc 

5 5 Vdc 

3 1.8 Watts 

20 12 mW/°C 

0.8 0.5 Watts 

5.33 3.33 mW/°C 

-65 to +175 oc 

- 65 to +300 oc 

T1.. = 25°C 

1,::::::200~ 

11 - liLl 
'· = 500 r-1:2 

i ~ /I 1,::::100µ.~ 17 

= ~ ~ v 
40 60 100 200 400 600 1000 

IE, EMITTER CURRENT (µ.A) 



-- Motorola High-Frequency Transistors --

2N2330, 2N2331 (continued) 

ELECTRICAL CHARACTERISTICS< At 25T unless otherwise noted l 

Characteristics 

Co'lector Cutoff Current 
(1 :s = 4.5 Vdc, I, = 0) 

Collector-Base Breakdown Voltage 
(le = 10 µAde, I, = 0) 

Collector-Emitter Breakdown Voltage 
(le == 1.0 mAdc, 18 = 0) 

Emitter-Base Breakdown Voltage 
(I, = 10 µAde, le = 0) 

Forward Current Transfer Ratio 
(le= 10 mAdc, Ve, = 1 Vdc) 

Offset Voltage 
(I,= 200 µAde. I,= 0) 

Inverse Saturation Voltage 
(1 8 = 200 µAde, I, = 50 µAde) 

Offset Current 
(V8c = 2.0 Vdc, Vee= 0, TA= 25°C) 

Offset Current 
(V8c = 2.0 Vdc, Yee= 0, TA= 85°C) 

Collector Capacitance 
(Vc8 = 2 Vdc, I,= 0) 

Common Base Input Capacitance 
(V., = 2 Vdc, le = 0) 

Small Signal Forward Current Transfer Ratro 
(le = 1 mAdc, Vee = 1 Vdc, f = 100 me) 

0.8 

l 0.6 

~ 
> 0.4 

~ 
' } 0.2 

\ r-1 

~ ~ 
~ 

~ 

OFFSET VOLTAGE 

versus 
BASE CURRENT 

T,,,:::: 25°C 

N-
_,__, --
T, ~15°C 

20 40 60 JOO 200 

11, BASE Off.DRIVE CURRENT (µA) 

IE:::: 0 

E-

400 600 1000 
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Symbol 

lcso 

BVcso 

BVcrn 

BV"o 

h,, 

v[offl 

VEC[IATI 

I [off I 

If off I 

cob 

c.b 

h,, 

'1 

Min. Typ. 

- 0.1 

30 60 

20 30 

5 -

50 -

- 03 

- 1.0 

- 0.1 

- 1 

- 7 

- 15 

1 1.5 

INVERSE 
SATURATION 

CHARACTERISTICS 

Max. 

1.0 

-

-

-

-

0.75 

3.0 

1 

10 

10 

20 

-

i 60f--~+--f--,F,~~~~'h:o. 
40 

!::: 
1ii 

20 

0.5 1.0 1.5 2.0 2.5 

VEC, EMITTER-COLLECTOR VOLTAGE (mVdc) 

Unit 

nAdc 

Vdc 

Voe 

Vdc 

-

mVdc 

mVdc 

nAdc 

nAdc 

pf 

pf 

-

I 

3.0 
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-- Motorola High-Frequency Transistors --

2N2369 
2N3227 

Vceo = 15-20 V 
fr = 600 Mc Typ 

NPN silicon annular transistors for low-current, 
high-speed switching applications. 

CASE 22 
(T0-18) 

MAXIMUM RATINGS 

Characteristics 

Collector-Base Voltage 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

2N2369 
2N3227 

2N2369 
2N3227 

Collector Current (10 µsec pu1se) 

Total Device Dissipation· 
@ 25°C Ambient Temperature 

Derating Factor Above 25°c 

Total Device Dissipation 
@ 25°c Case Temperature 

Derating Factor Above 25°c 

Junction Temperature, Operating 

Storage Temperature Range 

Symbol 

VcBO 

VcES 

VCEO 

VEBO 

Ic(Peak) 

PD 

Po 

TJ 

Tstg 

8-104 

Rating Unit 

40 Vdc 

40 Vdc 

15 Vdc 
20 

4.5 Vdc 
6.0 

500 mA 

0.36 Watt 
2.06 mw/0 c 

1.2 Watts 
6.85 mw/0 c 

+200 oc 

-65 to +200 oc 



--Motorola High-Frequency Transistors --

2N2369, 2N3227 (continued) 

ELECTRICAL CHARACTERISTICS !TA= 25"C unless otherwise noted) 

Characteristics Srtnbol Min Max Unit 

Collector Cutoff Current 1ceo µAde 
(Vee = 20 Vdc) 2N2369 - 0.4 

2N3227 - 0.2 

(Vee= 20 Vdc. TA = 15o0 c) 2N2369 - 30 
2N3227 - 50 

Collector Cutoff Current lcEX µAde 
(VcE = 20 Vdc, \Toll= 3 Vde) 2N3227 - 0.2 

Base Cutoff Current 1BL µAde 
(".j;_E = 20 Vdc, Voe= 3 Vde) 2N3227 - 0.5 

Collector-Base Breakdown Voltage BVceo Vdc 
(~ = 10µ Ade, !a= O) 40 -

Emitter-Base Breakdown Voltage BVEBO Vde 
(IE = 10µ Ade, le = 0) 2N2369 4.5 -

2N3227 6.0 -
Collector-Emitter Breakdown Voltage .. BVCEO • Vdc 

(le ; 10 mAdc) 2N2369 15 -
2N3227 20 -

Collector-Emitter Voltage BVcES Vde 
(~ = 10µ Ade, le= 0) 40 -

Collector-Emitter Saturation Voltage* VCE(sat)* Vdc 
Uc " 10 mAdc, le = 1 mAdc) Both Types - 0.25 
(le_= 100 mAdc, le = 10 mAdc) 2N3227 - 0.45 

Base-Emitter Saturation Voltage .. VBE(sat)* Vdc 
(le = 10 mAdc, I = 1 mAdc) Both Types 0.70 0.85 
(le = 100 mAdc, ~B = 10 mAdc) 2N3227 0.8 1.4 

DC Current Gain• 11FE-. -
(IC = 10 mAdc, VcE = 1.0 Vdc) 2N2369 40 120 

2N3227 100 300 

(le = 10 mAdc, VcE = 1.0 Vdc, TA = -55°CJ 2N2369 20 -
2N3227 40 -

(le = 100 mAdc, VcE = 1.0 Vdc) 2N3227 30 -
(!c_ = 100 mAdc, VcE = 2 Vdc) 2N2369 20 -

Small Signal Current Gain hre -
(~ = 10 mAdc, VcE = 10 Vdc, f = 100 me) 5 -

Output Capacitance Cob pf 
(Vee= 5 Vdc, ~= 0, f = 140 kc) - 4 

Input Capacitance c1b pf 
(Voe = 1 Vdc,_1c = 0, f = 140 kc) 2N3227 4 

Storage Time ts( Ts) nsec 

(le = 1e1 = Ie2 = 10 mAJ - 13 

Turn-On Time 1on nsec 
Uc = 10 mA, Ie1 = 3 mA, I- 12 

Vee = 3 v, v 0 B = 1.5 vJ 

Turn-Off Time toff nsec 
(le= 10 mA, Ie1 = 3 mA, I- 18 

152 = 1.5 mA, Vee = 3 V) 

Total Control Charge QT pC 
Uc = 10 mA, Ie = 1 mA, Vee= 3 V) 2N3227 I- 50 
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-- Motorola High-Frequency Transistors --

2N2369, 2N3227 (continued) 

ELECTRICAL CHARACTERISTICS {continued) 

Characteristics Symbol Min Max Unit 

Delay Time 
Vee =IOV,Voa=2V, td - 5 nsec 

Ic = 100 mA, 181 = 10 mA 2N3227 
Rise Time tr - 18 nsec 

Storage Time Vee = 10 v ts - 13 nsec 
Ic = 100 mA, 2N3227 

Fall Time Ia1 = 182 = 10 mA tr - 15 nsec 

•Pulse Test: PW c 300 µsec, Duty Cycle ;:; 2% 

MINIMUM CURRENT GAIN CHARACTERISTICS 

200~~~~~Il~~I ~~~~~ 

T, = 125°C T T T 

100 ~~:;t:::~~~,,--:::~f--j;:;:::~j:::::-~f==1=~',~-~"~°C~==--=-:l~;E~a~=t~=:j~1='1t= ~1l~ (:: ;..--p;~ T,25°c ~ 
_,,...- V i-- I II ~ r 2soc-:-,,T,;r ~ 

12: .---r """""""- , L , ' 

10 20 50 100 

1.4 

g 1.2 
g 
~ 1.0 

~ 
~ 0.8 

~ 
~ 0.6 

J- 0.4 

0.2 
1 

SATURATION VOLTAGE LIMITS 

I 11 - {3, = 10 
Ti= 25°C 

+.+ 
MAXlGEl•v 

t;N1aE l•!•f 

Lr 
Il 

MAX VcE 1,. 11 

10 20 

le, COLLECTOR CURRENT (mA) 

le, COLLECTOR CURRENT (mA) 

TYPICAL SWITCHING TIMES 

:::s:: fjf = 10 

1---+--i.-"~is::f-'lrl"<+-++-H+--i--+- vv~. ~ 120 vv 
50 >--+-+-'~--'CSJ,.._,._f\,,.._+++--+-+---.~~~ 

]SJ\ w 
kj 

p 

...., 
50 100 

le, COLLECTOR CURRENT (mAJ 
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-- Motorola High-Frequency Transistors --

2N2381 
2N2382 

Vceo = 15-20 V 
lc=SOOmA 
fr= 300Mc 

PNP germanium epitaxial mesa transistors for high
speed, high-current switching applications. 

CASE 31 
(T0-5) 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current (Continuous) 

Junction Temperature 

Storage Temperature 

Device Dissipation @ 25°C Case Temper-
ature (Derate 10 mW/°C above 25°C) 

Device Dissipation @ 25°C Ambient 
(Derate 4 mW/°C) 

ACTIVE REGION TIME CONSTANT 

0 .._____._____,_I ~_..___.___.___. 
10 30 50 70 100 300 500 

le, COLLECTOR CURRENT (mAdc) 

~ 0.8 

Symbol Rating 
Unit 2N2381 2N2382 

Vcao 30 45 Vdc 

Vceo 15 20 Vdc 

v .. o 4 4 Vdc 

le 500 mAdc 
----

TJ 100 oc 

----
TsrG -65 to +100 oc 

Po 750 mW 

----
Po 300 mW 

NORMALIZED CURRENT GAIN CHARACTERISTICS 

o. \·'=o __ _..____,3:-0 -'--f50:-'-'.7"=0-'--"1'"'00---'---3:"00:--'-o-'500 

le, COLLECTOR CURRENT (mAdc) 

TJ::::; 25°C 

~ r--tt--+-t---Ht-t-t-rt---flr--r--t-++++tt1r--t--+-+-j 

COLLECTOR-EMITTER SATURATION VOLTAGES ~ o.s l ~ 
versus BASE CURRENT 1----11--+-t-+-IH--++a---+l~l--4-+-+++++--1--""-.-.i 

~ le= SOOmA 

~ o.• l ~ 1,-JoomlJJ 
J! 0.2 r--l"tl=tM"111--~'-:r::+:t:til:~=:lli~ = ~oD I I "l. -- le 50mA 

''.LW_] 
0.1 0.3 0.5 0.7 1.0 3.0 5.0 7.0 IO 30 50 

11, BASE CURRENT (mAdc) 
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--- Motorola High-Frequency Transistors ---

2N2381, 2N2382 (Continued) 

ELECTRICAL CHARACTERISTICS (At 25•c unless otherwise noted) 

Characteristic Fig. No. Srmbol Min. Trp. Max. Unit 

Collector-Base Breakdown Voltage BYcao Vde 
(le c 100 µAde, IE = 0) 

2N2381 30 - -
2N2382 45 - -

Collecto~-Emitter Breakdown Voltage BY CEO Vde 
(le = 10 mAde, 18 = O) 

2N2381 15 - -
2N2382 20 - -

Latch-Up Voltage 7 LYcEX Vde 

2N2381 20 - -
2N2382 25 - -

Collector- Emitter Leakage Current 1CES µAde 
(YcE · 30, YEB = 0) 2N2381 - - 100 
(VCE • 45, YEB = 0) 2N2382 - - 100 

Emitter-Base Leakage Current 1EBO 
(VEB o. 5 vcte, Ic = O) - - 5 µAde 
(VEB. 4 Vde, le 0) - - I mAdc 

Collector Cutoff Current 1cao µAde 
(Vea= 5 Vdc •. IE = 0) Both Types - I. 0 7 
(VeB = 5Vdc, IE• O, TA• 85°C) Both Types 100 
(Yes. 20 Vde, IE= 0) 

- 25 2N2381 -
2N2382 - - 15 

DC Forward Current Transfer Ratio II hFE -
(le = 200 mAde, v CE = o. 5 Vde) 40 - -
(le - 400 mAde, VcE = I. o Vde) 25 - -

Collector-Emitter Saturation Voltage 8 YcE(sat) Vde 
(le 200 mAde, la = 20 mAde) - o. 25 0. 4 
(le = 400 mAde, Is = 40 mAde) - 0. 4 0. 7 

Base-Emitter Voltage 9 VaE Vdc 
(le = 200 mAde, 18 = 20 mAde) o. 45 0. 54 0. 7 
(le = 400 mAde, Ia = 40 mAde) - 0. 71 0. 9 

Output Capacitance 13 Cob pf 
(V CB = 10 Vdc, IE = 0, f = 4 me) - 3. 5 6 

Input Capacitance 13 cib pf 
(VEa I Vde, le = o, r = 4 me) - 8 15 

Current-Gain - Bandwidth Product r, me 
(VcE 10 Vde, le = 20 mAde, f = 100 me) 300 - -

~lay Time 4 td - 4. 5 7 nsec 

Rise Time 4 tr - 8 15 nsec 

Storage Time 3, 4 Is - 20 30 nsec 

Fall Time 4 4 - 8 15 nsec 

Active Region Time Constant 1,4 TA - !. 6 3. 0 nsec 
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-- Motorola High-Frequency Transistors --

2N2481 ~ VcEo=15V 
~ fr=450Mclyp 

\ \ NPN silicon annular transistor for high-speed switch
ing applications. 

CASE 22 '\ \ 
(T0-18) 

MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL RATING UNIT 

Collector-Base Voltage VCBO 40 Vdc 

Collector-Emitter Voltage VCEO 15 Vdc 

Emitter-Base Voltage VEBO 5 Vdc 

Total Device Dissipation Po 0.36 Watt 
@ 25°C Ambient Temperature 
(Derate 2.06 mw/0 c above 25°C) 

Total Device Dissipation PD 1.2 Watts 
@ 25°c Case Te~perature 
(Derate 6.9 mw/ 0 c above 2s0 c) 

Junction Temperature TJ 200 De 

Storage Temperature Tstg -65 to+ 300 oC 

' 

MINIMUM CURRENT GAIN CHARACTERISTICS 

le, COLLECTOR CURRENT (mA) 
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--Motorola High-Frequency Transistors --

2N2481 (Continued) 

ELECTRICAL CHARACTERISTICS (At 25'C unless otherwise noted) 

CHARACTERISTIC SYMBOL MIN MAX UNIT 
Collector-Base Breakdown Voltage BVcBO Vdc 

(Ic = 10 µAde, IE = 0) 40 ---
Emitter-Base Breakdown Voltage BVEBO Vdc 

(IE = 100 µAde, Ic = O) 5 ---
Collector-Emitter Breakdown Voltage• BVcEO Vdc 

(Ic = 30 mAdc, IB = O) 15 ---
Collector-Emitter Breakdown Voltage BVcES Vdc 

(Ic = i.o µAde, VBE = 0) 30 ---
Collector Leakage Current le EX µAde 

(VcE = 20 Vdc, VBE = 3 Vdc) --- .050 
(VcE = 20 Vdc, VBE = 3 Vdc, TA= 150°C) --- 15 

Base Leakage Current 1BL nAdc 
(VcE = 20 Vdc, VBE = 3 Vdc) --- 50 

Emitter Cutoff Current !EBO nAdc 
(VEB = 4.0 Vdc, Ic = 0) --- 100 

DC Forward Current Transfer Ratio hFE ---
(Ic = l.O mAdc, VcE = 1.0 Vdc) 25 ---
(Ic = 10 mAdc, VcE = 1.0 Vdc)• 40 120 
(le = 10 mAdc, V CE = 1.0 Vdc, TA = .55oc)• 20 ---
(Ic = 150 mAdc, VcE = 1.0 Vdc)* 20 ---

Collector-Emitter Saturation Voltage VcE (sat) Vdc 
(Ic = 10 mAdc, IB = 1.0 mAdc) --- 0.25 
(Ic = 100 mAdc, IB = 10 mAdc)* --- 0.40 

Base-Emitter Saturation Voltage VBE (sat) Vdc 
(le = 10 mAdc, IB = 1.0 mAdc) 0.7 0.82 
(Ic = 100 mAdc, IB = 10 mAdc)* --- 1.25 

I Output Capacitance Cob pf 
(VcB = 5V,Ic= 0, f = 1 Mc) --- 5 

Input Capacitance cib pf 
(VEB = 0.5V,f = lMc) --- 7 

Small-Signal Forward Current Transfer Ratio hfe ---
(VCE = 10 v, Ic = 10 mA, f = 100 Mc) 3 ---

Small-Signal, Short-Circuit, Input Impedance hie (real) ohms 
(Real part) 
(le = 10 mA, VcE = 10 V, f = 250 Mc) --- 60 

Turn-On Time tan nsec 
(le = 100 mA, !Bl = 10 mA, VBE (off) = -2 V) --- 40 
(le = 10 mA, IBl = 1.0 mA, VBE (off)= -2 V) --- 75 

Turn-Off Time toff nsec 
(Ic = 100 mA, !Bl = lQ mA, IB2 = -5 mA) --- 55 
(le = 10 mA, !Bl = 1.0 mA, IB2 = -0.5 mA) --- 45 

Storage Time ts nsec 
(le = 10 mA, IBl = 10 mA, IB2 = -10 mA) --- 20 

•Pulse width=:;. 300 µsec, Duty Cycle ::::::: 2% 
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-- Motorola High-Frequency Transistors --

2N2481 (Continued) 

LO 

~ 

~ 0.8 

I 0.6 

~ 
1i 
~ 0.4 ,. 
I~ 

0.2 
0.2 

TURN-ON TIME VARIATIONS WITH VOLTAGE 

le. COLLECTOR CURRENT !mAl 

FALL TIME BEHAVIOR 

le, COLLECTOR CURRENT (mAJ 

LIMITS OF SATURATION VOLTAGES 

1.8 
/3F=IO 

ijJ r- TJ=25°C 1.6 

4 v 
2 

0 MAXVu1u1) 
H 

~ 
8 d-±:::: H 

1---"r--
6 

' > 0.4 Tr ~ 
+-H 

2 MAX VcE(utl 

0 ll 
1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 

7.o _LL 
5.0 .1 

LO 2.0 3.0 

le, COLLECTOR CURRENT imAl 

STORAGE TIME BEHAVIOR 

H 

5.0 7.0 lO 20 30 50 70 100 200 

le, COLLECTOR CURRENT !mA\ 

COLLECTOR SATURATION VOLTAGE CHARACTERISTICS 

le= IOmAc le= 20mAdc lc=50mAdc le= lOOmAdc 

~ 
N 

0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 

I,, BASE CURRENT (mAdc) 
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--Motorola High-Frequency Transistors --

2N250) 
Vceo = 20V 

f1 =450 Mc Typ 

CASE2~ 
(T0-18) 2 \\ 

NPN silicon annular transistor for high-speed switch
ing applications. 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Total Device Dissipation ~ 
25''C Ambient Temperature 
(Derate 2. 06 mW/ C above 25"C) 

Junction Temperature 

Storage Temperature 

Total Device Dissipation @ 
25'"C Case Temperature 
(Derate 6. 9 mW/' C above 25'C) 

TOTAL CONTROL CHARGE 

200 l-----+--1---1-+----4-i---+-~ll. » 
150 1---1--l----1-+---1---J.,.t:.4---W 

T,=10~1?' 
loo 1---l--l----1-+--+.VH£.~, = ,.., +-

so k9 
~ 

/J~ = 10 

0,2 1 10 
1., BASE CURRENT (mAdc) 

Srmbol Ratin& Unit 

Vcoo 40 Vdc 

VCEO 20 Vdc 

VEBO 6 Vdc 

PD Watts 
o. 36 

TJ +200 c 

Tstg 
i-- -

-65 to ;j200 c 

PD 
1. 2 

Watts 

NORMALIZED CURRENT GAIN CHARACTERISTICS 

8-112 

z 

2.4 

2,2 

2,0 

~ 1.8 

~ 1.6 

B 1.4 
g 1.2 

~ 1.0 

~ 0.8 

"' ~ 0.6 

J 0.4 

0.2 

0 

L 
/ )...-
'/ 
~ 

Ii"' 

J...-1'"" 

0.1 

VcE = 1 volt 

r,1TIJ 
""' T,=+looJ' _.... III ~ 

TJ= +25 ~ 
J.....-..- I]] -r--. 

~ssoc-+-
TTI I m 

1 10 100 
le, COLLECTOR CURRENT tmAdc) 



-- Motorola High-Frequency Transistors --

2N2501 (Continued) 

ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 

Characteristic Symbol Minimum Maximum Unit 

Collector-Base Breakdown Voltage BVcso Vdc 
(le 0 IO µAde, IE 0 0) 40 -

Collector-Emitter Breakdown Voltage BVcEO Vdc 
(IC = 30 mAdc, 18 = 0, Pulsed) 20 -

Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE 0 IO µAde, le 0 0) 6 -

Collector Leakage Current 1cEx 
nAdc 

(V CE 0 20 Vdc, VBE " -3 Vdc) - 25 

Base Leakage Current 1BL 
(V CE 0 20 Vdc, VBE 0 -3 Vdc) - 25 nAdc 
(V CE 0 20 Vdc, VBE 0 -3 Vdc, TA 0 150 C) - so µAde 

DC Forward Current Transfer Ratio• hFE -
(le 0 IOO µAde, VcE 0 I Vdc) 20 -
Uc 0 I mAdc, VcE 0 I Vdc) 30 -
(le 0 10 mAdc, VcE" 1 Vdc) 50 150 
(le 0 IO mAdc, VcE 0 I Vdc, TA 0 -55 C) 20 -
(le = 50 mAdc, V CE 0 I Vdc) 40 -
(le 0 100 mAdc, VcE 0 I Vdc) 30 -
(le 0 soo mAdc, VcE 0 5 Vdc) 10 -

Collector-Emitter Saturation Voltage* VcE(sat) Vdc 
(le 0 10 mAdc, 18 ° I mAdc) - 0. 2 
(le = 50 mAdc, 18 = s mAdc) - o. 3 
(le 0 IOO mAdc, 18 = IO mAdc) - o. 4 

Base-Emitter Saturation Voltage• VBE(sat) Vdc 
Uc -= 10 mAdc, Ia = 1 mAdc) - 0. 85 
(le = 50 mAdc, 18 = 5 mAdc) - !. 0 
(ic = iOO mAdc, Ia = iO mAdc) 1. 2 

Output Capacitance cob pf 
(VCB 0 10 Vdc, IE 0 0, f" IOO kc) - 4 

Input Capacitance cib pf 

(VEB 0 0. 5 Vdc, le "0, f" IOO kc) - 7 

Small Signal Forward Current Transfer Ratio hre -
(V CE 0 20 Vdc, le = IO mAdc, r " IOO me) 3. 5 -

Current-Gain-Bandwidth Product r.,. me 
(V CE 0 20 Vdc, le 0 IO mAdc) 350 -

Charge Storage Time Constant .,.s nsec 
(le 0 !Bl 0 182 ° IO mAdc) - 15 

Total Control Charge QT pico-
(le 0 10 mAdc, Ill 0 I mAdc) - 60 coulombs 

Active Region Time Constant .,.A nsec 
(le 0 IO mAdc) - 2. 5 

•Pulse Test: Pulse width~ 300 µ.sec, duty cycle~ 2% 

COLLECTOR-EMITTER SATURATION VOLTAGES versus BASE CURRENT 
0.7 

fell,= 10 

TJ = 25°C 
0.6 

~ 
<::. 0.5 
~ 

~ 
g 0.4 
~ 
0 

§ 
0.3 ~ 

J 0.2 

f--.-_~t--~41c_=....J.5_0miA_J 
l--~-!-~--l~+-+-~r-..._~...._~-1-~--1~+-lc=IOmAf--~-l--+-+!-<-!-~--l~~+--+-+-!-~-+~~+--+-+4 

0.1 
O.Ql 0.1 IO 100 

I,, BASE CURRENT (mAdc) 
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2N2537 thru 2N2540 
Vceo = 30V 

fr = 400 Mc Typ 

~ NPN silicon annular Star transistors for high-speed 
switching. 

CASE 22 CASE 31 
(T0-18) (T0-5) 

2N2539 2N2537 
2N2540 2N2538 

MAXIMUM RATINGS 

Clllracllrlstlc SJmUI 2112531 
~ 

2112539 U11t 
21125311 2112541 
(I0.5) (I0.111 

Collector-Base Voltage Vceo 60 80 Vdc 

Collector-Emitter Voltage VcEO 30 30 Vdc 

Collector-Emitter Voltage VcER 40 40 Vdc 

Emitter-Base Voltage VEBO 5 5 'Vdc 

Tots! Device Dissipation Po watts 
25 ° C Case Temperature 3 1.8 

De rate above 25 ° C 17. 2 10. 3 mW/°C 

Total Device Dissipation Po watts 
25°C Ambient Temperature 0.8 0. ~ 

De rate above 25 ° C 4.51 2.86 mW/°C 

Junction Temperature TJ -65 to +200 oc 

Storage Temperature Tstg -65 to +300 'C 

ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) - _... ... 1111. ... 
Collector CU.tclftClarrent 'ceo .... 

CVcs•<OVdc, lz•Ol 0.110 
'!J;i• <O Vdc, IE• O, TA• lBO"C) ... 

Emitter Cutoff Current !EBO .... 
(Vgg•3Vdc, re•O) 0.01 

Collector Clataff Cllnent 'csx .... 
(VBB = 0.1 Vde, VCE • Z0 Vdc) 0.3BO 

- """" CUrralll 
1BL ..... 

(VBB • 0.1 Vele, V CB= IO Vele) 0.250 

(VBE = o. z Vele, VcE .. 20 Vele, TA. 1S0°C) ... 
COllector·Baae Bnalcdowa Voltap BVcso Vdc ('c·••.-. •.=•> .. 
Collector-Emitter Brealrdon. Voltap BVcEO Vdc 

(le = 100 mAdc, pulsed, 18 = O) 30 

Collector-Emitter BrealrdDwn Voltage BVcER Vdc 
(le = 100 mAdc, palaed, RBB S 10 0) .. 

Emittel"·Bue BreUdown Voltage BV190 Vdc 
l!l.· 1• ..... re·•> 

C01lector SaWrat1oD Voltlp• YcE(aat) Vdc 
~ • HO mAdc, Ia • 16 mAdc) 0.45 

= IOO mAdc, le = 50 mAdc) ... 
Bue-Emitter Ba.turatlcm. Voltage VBB(oot) Vdc 

(le = 150 mAdc, 18 = 15 mAdc) • ... 
(IC • 600 mAdc, la = 50 mAdc) ... 

DC Forward Cllrrellt Tnnafer Ratio hFB 
(le = 1 mAdc, YCJ: = 10 Vele) IN2!511, 2NH39 .. 

IN2!538, llflMO .. 
(Jc • 10 IDAdc, vc8 .. 10 ve1e) INJSl'I, :nt2l39 30 

INIU8, IN2MO .. 
lie • 1so mAdc, Yes .. 10 ve1e>• INIU'I, INl139 .. . .. 

INl518, llfll40 100 ... 
(le "'500 mAdc, VCE"' 10 Vdc,. IHIU'I, llf21St .. 

INIU8, 2NIMO .. ....,....,..,..._. c .. .. 
(VCB • 10 Vdc, Is"' 0, f = 100 Ire) 

..... Copocl ..... 

""' .. 
t\'n•O.&Vclc, Jc =O, f= lOOJcc) .. 

Small 8tpal Pornrd Cllrrent Traufer Ratio lite 
(!g_• 30 Vdc, re• 30 mAdc, f = 100 me) ... 
•..- Tnt: Plllft wtdlh :Ii 100 peec, datJ cycle :Ii 11 
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2N2630 

--Motorola High-Frequency Transistors --

VcEO = lOV 
le= 100 mA 

PNP germanium mesa transistor for high-speed 
switching applications. 

CASE 22 
(T0-18) 

MAXIMUM RATINGS 

Characteristic 

EMITTER-BASE VOLTAGE 

COLLECTOR-BASE VOLTAGE 

COLLECTOR-EMITTER VOLTAGE 

D. C. COLLECTOR CURRENT 

STORAGE TEMPERATURE RANGE 

DEVICE DISSIPATION @25°C CASE TEMPERATURE 
IJNEAR DERATING FACTOR 4 mW/°C 

Symbol 

VEBO 

VCBO 

VCEO 

Ic 

Tstg 

SWITCHING TIME TEST CIRCUIT 

Maximum Unit 

-4 VOLTS 

-18 VOLTS 

-10 VOLTS 

100 mA 

-65 to +100 'C 

300 mW 

c 
~~~~ 

QUIN 
-5 v 

OUT I 
------~--------0 

Tqs 1 

RC= 750 Q 

RB= 3.3 K 
c = 104 pf 
IC = 20 mA 
lB = 1. 5 mA 

Tqs 2 

RC= 189 Q 

RB=l.lK 
c = 440 pf 
IC = 80 mA 
IB = 4. 5 mA 

GENERATOR RISE AND FALL TIME :5. 10 nSec 

OUTPUT INDICATOR RISE TIME :5. 4. 0 nSec 
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--Motorola High-Frequency Transistors --

2N2630 (Continued) 

ELECTRICAL CHARACTERISTICS 

Symbol Minimum Typical Maximum Unit 

COLLECTOR-BASE 1CBO V CB= -15 Vde - - 5 µAde 
CUTOFF CURRENT 

EMITTER-BASE 1EBO VEB = -2 Vde - - 5 µAde 
CUTOFF CURRENT 

COLLECTOR-BASE BVCBO IC= 25 µA -18 - - Vde 
BREAKDOWN VOLTAGE 

EMITTER-BASE BVEBO IE= 100 µA -4 - - Vde 
BREAKDOWN VOLTAGE 

COLLECTOR-EMITTER BVCEO Ic = 5 mA -10 - - Vde 
BREAKDOWN VOLTAGE 

COLLECTOR-EMITTER LVCER -17 - - Vde 
LATCH-UP VOLTAGE 

COLLECTOR-EMITTER VCE(sat) IC= 100 mA - - -0. 45 Vde 
SATURATION VOLTAGE 

IB=lOmA 

BASE-EMITTER VBE IC= 100 mA - - -0. 8 Vde 
VOLTAGE 

IB=lOmA 

FORWARD CURRENT 
1TE IC= 100 mA 25 - - -

TRANSFER_RA TIO 
VCE = -0. 75 V 

OUTPUT CAPACITANCE cob vcB=-lOV,~=O - - 4 pf 

f = 1 me 

INPUT CAPACITANCE cib VEB = -1 V - - 3. 5 pf 

I 
IC= O, f = 1 mC 

SMALL SIGNAL 
1le VCE = -6 V 3 - - -

FORWARD CURRENT 
IC= 5 mA 

f = 100 mC 

TURN OFF TIME toftr ~ - 20 nSee 

TURN OFF TIME toff2 - - 20 nSee 
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-- Motorola High-Frequency Transistors --

2N2635 
VcEO = 15 V 
le= lOOmA 
fr= 150 Mc 

~, PNP germanium epitaxial mesa transistor for high
speed switching applications. 

CASE 22 . 
(T0-18) 

MAXIMUM RATINGS(at TA= 25°C unless otherwise noted) 

Characteristic Symbol 

Collector-Base Voltage vcBo 

Collector-Emitter Voltage VCEO 

Emitter-Base Voltage VEBO 

Collector Current (Continuous) Ic 

Junction Temperature TJ 

Storage Temperature Tstg 

Device Dissipation @ z5oc PD 
Ambient Temperature 
(Derate 2mW/OC above 25°C) 

INPUT WAVEFORM, 
t,:::: t1 :::= 1 nsec 
PW:== O.Sµsec 
DUTY CYCLE::: 50% 

+l.25Vti 
o- - -

-5.4V 

SWITCHING TIME TEST CIRCUIT 

5Kn 

0-J\Nv-

8-117 

Rating 

30 

15 

2.5 

100 

+100 

-65 to+ 100 

150 

-3.SV 

I 
_L 

T 
I 
I 

_ _J 

CT:::::: 6 pf 
(includes C1") 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

CC 

oC 

mW 

SCOPE 
tr:=::: 3.5nsec 
Rn.i ~ lOOKn 
Cu>1:::::: 3pf 

I 



-- Motorola High-Frequency Transistors --

2N2635 (Continued) 

ELECTRICAL CHARACTERISTICS (at TA= 25'C unless otherwise noted) 

Characteristic Symbol Min Typ Max UnH 

Collector-Base Breakdown Voltage BVCBO Vdc 

(1c = 100 µAde, IE = 0) 30 50 ---
Collector-Emitter Breakdown Voltage BVCEO Vdc 

(Ic = 2 mAdc, Is = O) 15 30 ---
Emitter-Base Breakdown Voltage BVEBO Vdc 

(IE = 100 µAde, 1c = 0) 2.5 4.5 ---
Collector-Base Cutoff Current 1cso µAde 

(VcB = 25V, IE = 0) --· 1 5 
(VCB = 25V, IE = 0, TA = +550C) --- 5 20 

Emitter-Base Cutoff Current 1EBO µAde 
(VEB = lV,Ic = 0) --- 2 20 

Static Forward Current Transfer Ratio hFE ---
(Ic = 10 mA, VeE = 0.5V) 30 --- ---
(Ic = 50 mA, VcE = lV) 45 --- 300 
(Ic = 50 mA, VCE = lV, TA= -55°C) 25 --- ---
(Ic = 100 mA, VcE = lV) 30 --- ---

Base-Emitter Voltage VBE Vdc 
(Ic = 10 mA, 18 = 0.5 mA) --- 0.36 0.45 
(le = 50 mA, 18 = 2.5 mA) --- 0.47 0.70 
(Ic = 50 mA, Is = 2.5 mA, TA = -55°C) --- 0.56 0.85 
(Ic = 100 mA, IB = 10 mA) --- 0.57 0.90 

I 
Collector-Emitter Saturation Voltage VCE(sat) Vdc 

(IC = 10 mA, Ia = 0,5 mA) --- 0.13 0.20 
(le = 50 mA, 18 = 2.5 mA) --- 0.20 0.40 
(Ic = 50 mA, 18 = 2.5 mA, TA= +55°C) --- 0.22 0.45 
(Ie = 100 mA, IB = 10 mA) --- 0.23 0.75 

Small-Signal Forward Current Transfer Ratio I hfe/ ---
(Ic = 30 mA, VcE = 2V, f = 100 me) 1.5 --- ---

Collector Output Capacitance cob pf 
(Vea = 5 v, IE = o, f = 1 me) --- 2.5 5 

Input Capacitance cib pf 
(VEB = lV, le = 0, f = 1 me) --- --- 4 

Delay Time td --- 15 20 nsec 

Rise Time tr --- 20 30 nsec 

Storage Time ts --- 100 185 nsec 

Fall Time tf --- 35 65 nsec 
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-- Motorola High-Frequency Transistors --

2N2800 
2N2801 
2N2837 
2N2838 

VcEO = 35 V 
le= 800mA 
fr= 120Mc 

~ 

CASE1' CASE 31 

PNP silicon annular transistors for medium-speed 
switching applications. 

(T0-18) (T0-5) 

2N2837 
2N2838 

2N2800 
2N2801 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation 
@ 25°C Ambient Temperature 
2N2800, 2N2801 - T0-5 
Derating·Factor Above 25°C 

2N2837, 2N2838 - T0-18 
Derating Factor Above 25°C 

Total Device Dissipation 
@ 2 5 °C Case Temperature 
2N2800, 2N2801 - T0-5 
Derating Factor Above 25°C 

2N2837, 2N2838 - T0-18 
Derating Factor Above 25°C 

Junction Tempe'rature, Operating 

<;;torage Temperature 

DELAY AND RISE TIME TEST CIRCUIT 

+15V +lOV 

INPUT 
Zo =son 
PRF::: 150 PPS 
R1SE TIME ~ 2 nsec _:u- 50 

---+12µsec\.--

Symbol Maximum Unit 

VCBO 50 Vdc 

VCEO 35 Vdc 

VEBO 5 Vdc 

T 800 mA ·c 

PD 

0. 8 Watt 
4. 57 mW/°C 

0. 5 Watt 
2. 86 mW/°C 

PD 

3 Watts 
17. 3 mW/°C 

1. 8 Watts 
10. 3 mW/°C 

TJ +200 oc 

Tstg -65 to +300 oc 

STORAGE AND FALL TIME TEST CIRCUIT 

INPUT +18.9V + lOV 
Zo = 50u 
PRF ~ 150 PPS 
RISE TIME:;::: 2 nsec 

-n o-...-~IM~-6-f-I 
---i>l2µsecr--

50 
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-- Motorola High-Frequency Transistors --

2N2800, 2N2801, 2N2837, 2N2838 (Continued) 

ELECTRICAL CHARACTERISTICS (At 25'C unless otherwise noted) 

Characteristic Symbol Minimum Maximum Unit 

Collector-Base Breakdown Voltage BVCBO Vdc 

(le= 10 µAde, IE= 0) 50 -

Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE= 100 µAde, le= O) 5 

Collector-Emitter Break.down Voltage BVCEO Vdc 
(IC = 100 mAdc, IB = 0) 35 -

Collector Cutoff Current 1CEX nAdc 
(V CE= 25 Vdc, V BE= 0. 5 Vdc) - 100 

Base Cutoff Current 1BL 
nAdc 

(V CE = 25 Vdc, VBE = 0.5 Vdc) 100 

DC Forward Current Transfer Ratio hFE -
Oc = 0. I mAdc, VCE = 10 Vdc) 

2N2800, 2N2837 20 
2N2801 , 2N2838 30 

(IC= 150 mAdc, VCE = 10 Vdc)' 
2N2800. 2N2837 30 90 
2N2801 , 2N2838 75 225 

Oc = 150 mAdc, VCE =I Vde)' 
2N2800, 2N2837 15 
2N2801, 2N2838 30 

(IC = 500 mAdc, VCE = 10 Vdc)' 
2N2800, 2N2837 25 -
2N2801, 2N2838 40 -

Collector Saturation Voltage V CE(sat) 
Vde 

(IC= 150 mAdc, IB = 15 mAdc) - 0. 4 

(IC = 500 mAdc, IB = 50 mAdc) - I. 2 

Base-Emitter Saturation Voltage VBE(sat) Vde 
(IC= 150 mAde, IB = 15 mAdc) - I. 3 

I 
(IC = 500 mAdc, IB = 50 mAdc) - I. 8 

Output Capacitance cob pf 

(V CB= 10 Vde, f= IOOkc) - 25 

Current-Gain - Bandwidth Product IT me 
(IC= 50 mAdc, VCE = 10 Vde, f= JOO me) 120 -

SWITCHING CHARACTERISTICS (At 25'C unless otherwise noted) 

Characteristic Symbol Typical Maximum Unit 

Delay Time td 9 25 nsec 

Rise Time t 
r 25 45 nsec 

Storage Time t s 100 225 nsec 

Fall Time tf 30 45 nsec 

*Pulse Test: Pulse Width~ 300 µsec, duty cycle :;i 2% 
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-- Motorola High-Frequency Transistors --

2N2832 
2N2834 

V CEO = 50-100 V 
le= 20A 
Po= 85 W 

PNP germanium transistors for switching and am
plifier applications. 

MAXIMUM RATINGS 

Characteristic Symbol 2N2832 2N2834 Unit 

Collector-Base Voltage VCBO 80 140 Volts 

--- ---
Collector-Emitter Voltage VCEO 50 100 Volts 

--- ---
Emitter-Base Voltage VEBO 2 2 Volts 

--- ---
Collector Current (Continuous) Ic 20 20 Amps 

--- ---
Base Current (Continuous) Is 5 5 Amps 

--- ---
Power Dissipation Pc 85 85 Watts 

Junction Operating Temperature Range Ti -65 to +110° oc 

CURRENT GAIN VARIATIONS STORAGE TIME versus COLLECTOR CURRENT 

100 __J ITT H __.--" 1:--J Ve~::: 2V H 
t--- 251"C ll'\ 

v L 
P' 

80 
z 
g 

I.,= 111::: 0.11c 

z 60 
-40°C 

~ 

~ 40 
.1-1 100°c ~ ~ 21--~t--+--+-t-++tt+~-r~t---t-tiH-t-tt-~~ 

20 

10 

i-- ~' 

0.1 

~ 
~ 

LO 10 

10 COLLECTOR CURRENT (AMPS) 

CURRENT GAIN BANDWIDTH PRODUCT 

versus COLLECTOR CURRENT 

t;; 

- 0 
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0.1 0.2 0.4 0.6 4 6 8 IO 20 

le, COLLECTOR CURRENT (AMPS) 

VcE :::: 6 VOLTS 

~ ~ v 
=s: 
~ 
~ 

0.1 0.2 0.4 0.6 0.8 1 

le, COLLECTOR CURRENT (Ade) 
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--Motorola High-Frequency Transistors --

2N2832, 2N2834 (Continued) 

ELECTRICAL CHARACTERISTICS (at T.- = is·c unlmoth"w'" not<dl 

-Collectol'-Baae Cutoa CUrrent• 

:~g: .. ":v,IfE .... O~) 
(Yes. lfOV, JE - O) 

Collector-Emitter Current• 
(VcE • !OOV, VBE .. 0) 

fVcE • l80V, VeE .. O) 

Collector-Emitter Cutoff CUrrenr-• 
IVcE .. sov, v8E .. o.2v, Tc • +asoC) 

(Veg a lOOV, Veg • 0.ZV, Tc = +as0 c) 

Emitter-Bue Breakdown. Voltage 
(IE • 50 mAdc, Jc • O) 

Collector-Emitter Breakdown Voltage•• 
(IE • 100 mA, le ,. O) 

Emitter Floating Potential• 
(Vee = aov, Ig = o) 

(Vee .. HOV, lg • 0) 

DC CUrrent Transfer Ratio 
(le • l.OA, Vee • ZV) 
(le .. lOA, VcB • 2V) 

Collect.or-Emitter Saturation Voltage 
Uc " i.o Ade, 18 • 100 mAdc) 
('c .. 10 Ade, 18 • 1.0 Ade) 
(le • zo Ade, 18 • z.o Ade) 

Base-Emitter Saturation Voltage 
Uc • 1 A, Ie - 100 mAdc) 
(X: • 10 A, IB • lAdc) 
(I(:• ZOA, IB"' 2Adc) 

Small Signal CUrrent Gain 
<Ic .. 1.0A, VcE = lOV, f .. 5mc) 

Rise Time 

Storage Time 

Fall Time 

• SWEEP TEST: 1/2 stne wave, eo cps min 
•• PULSE TEST: PW = 1 msec, 2% Duty Cycle 

MERCURY SWITCH 

R, 

0- 2V 

R, 

•• 

All Types 
2N2832 

2N2834 

ZN2832 

ZN2.834 

ZN2832 

ZN2834 

2N2832 

2N2834 

ZN2832 

ZN2834 

119111 
'cso• 

le Es• 

'cEX., 

BVEBO 

... 
VCE(sat) 

VBE(sat) 

... 

.. 

., 

-~ T --- I ---

-----i 

.. 
100 

50 
25 

I 

TJPliif ... 
0.3 

10 

10 

I 
zo 

20 

T .. .. 

o.• 
o.• 

,. 
100 

0.15 
0.30 
0.5 

0.6 
0.?5 
1.0 

•.. 

2.5 

SWITCHING TIME TEST CIRCUIT 

Characteristic Sym Max Unit 

Rise Time µsec 

Storage Time µsec 

Fall Time 2.5 µsec 

0 - 20V 
AOJUST R,, R1, R11 for I,, = 111 = 0.1 lc 

PULSE CONDITIONS; le= 5 AMP, 111 .:::: 0.5 AMP 

Swikhini: times shown :ire for 1:ons1an1 rnrrent drive nmdition~. 

~:L~l'~11t~~Jc_~L~a~a~ci~:~~'.'-S~:Yc\~~ll:~~L· 5'fo~ :~:cM~~~;~fa i~~~·,~::11i~~ 
lfandhook for a more dctaikd cxrl;mation. 
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-- Motorola High-Frequency Transistors --

2N2837 

2N2838 
For Specifications, See 2N2800 Data Sheet 

2N2904, A thru 2N2907 1 A 
2N3485,A,2N3486,A 

V CEO = 40-60 V 
lc=600mA 
fr= 200Mc 

PNP silicon annular Star transistors for high- speed 
switching, complementary circuitry and DC to VHF 
amplifier applications. 

CASE 31 CASE 22 CASE 26 
(T0-5) (T0-18) (T0-46) 

2N2904, A 2N2906, A 2N3485, A 
2N2905, A 2N2907, A 2N3486, A 

MAXIMUM RATINGS 

CHARACTERISTIC 

Collector-Base Voltage 

Collector-Emitter Voltage 
2N2904-2N2907, r '3485, 2N3486 
2N2904A-2N2907A, 2N3485A, 2N3486A 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation@ TC= 25°C 

T0-5: 2N2904, 2N2904A, 2N2905, 2N2905A 
DERATING FACTOR 

T0-18: 2N2906, 2N2906A, 2N2907, 2N2907A 
DERATING FACTOR 

T0-46: 2N3485, 2N3485A, 2N3486, 2N3486A 
DERATING FACTOR 

Total Device Dissipation @ TA = 2 5' C 

T0-5: 2N2904, 2N2904A, 2N2905, 2N2905A 
DERATING FACTOR 

T0-18: 2N2906, 2N2906A, 2N2907, 2N2907A 
T0-46: 2N3485, 2N3485A, 2N3486, 2N3486A 
DERATING FACTOR 

Operating Junction Temperature Range 

Storage Temperature Range 

8-123 

SYMBOL 

VCBO 

VCEO 

---
VEBO 

IC 

PD 

PD 

---
TJ 

Tstg 

RATING UNIT 

60 Vdc 

---vcii: 
40 
60 ---5 Vdc 

600 mAdc 
---

3 w 
17.2 mW/°C 

1. 8 w 
10. 3 mW/°C 

2 w 
11. 43 mW/°C 

600 mW 
3.43 mW/°C 

400 mW 

2.28 mW/°C 

-65 to +200 oc 
-65 to +300 'C 

I 
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--Motorola High-Frequency Transistors --

2N2904, A-2N2907, A and 2N3485, A, 2N3486, A (Continued) 

ELECTRICAL CHARACTERISTICS (At 25'C unless otherwise noted) 

Characttrlstic 
Collector Cutoff Current 

(Yes = 50 Vdc, IE = 0) 

(VCS = 50 Vdc, IE = 0, TA= 150°C) 

Collector Cutoff Current 
(VcE = 30V. VsE = 0.5 V) 

Base Cutoff Current 
(VcE = 30V, VsE = 0.5V) 

Collector-Base Breakdovm Voltage 
(IC = 10 Ade, IE = 0) 

Collector-Emitter Break.do'Nll Voltage"' 
(le = 10 mAdc, Is = O) 

Emitter-Base Breakdown Voltage 
(Is = 10 Ade, le = 0) 

Collector Saturation Voltage• 
(le = 150 mAdc, Is = 15 mAdc) 
(le = 500 mAdc, Is = 50 mAdc) 

Base-Emitter Saturation Voltage 
(le = 150 mAdc. I,, = 15 mAdc)* 
(le = 500 mAdc, Iii = 50 mAdc) 

DC Forward Current Transfer Ratio 
(le = 0.1 mAdc, VcE = 10 Ydc) 

(IC = 1.0 mAdc, VcE = 10 Vdc) 

(le = 10 mAdc, V CE = 10 Ydc) 

2N2904 thru 2N2907, 2N3485, 2N3486 
2N2904A thru 2N2907A, 2N3485A, 2N3486A 
2N2904 thru 2N2907, 2N3485, 2N3486 
2N2904A thru 2N2907A, 2N3485A, 2N3486A 

2N2904 thru 2N2907, 2N3485, 2N3486 
2N2904A thru 2N2907A, 2N3485A, 2N3486A 

2N2904, 2N2906, 2N3485 
2N2905, 2N2907, 2N3486 
2N2904A, 2N2906A, 2N3485A 
2N2905A, 2N2907A, 2N3486A 

2N2904, 2N2906, 2N3485 
2N2905, 2N2907, 2N3486 
2N2904A, 2N2906A, 2N3485A 
2N2905A, 2N2907A, 2N3486A 

2N2904, 2N2906, 2N3485 
2N2905, 2N2907, 2N3486 
2N2904A, 2N2906A, 2N3485A 
2N2905A, 2N2907A, 2N3486A 

(IC = 150 mAdc, VcE = IOVdc)* ;~;:g~: ;~;:g~~: ;~;:g~: ;~;:~~: ;~~::~: ;~~::~~ 

(le= 500 mAdc, VcE = lo Ydc)• 

Output Capacitance 
(VCE = 10 Vdc, IE= 0, f = 100 kc) 

Input Capacitance 

2N2904, 2N2906, 2N3485 
2N2900, 2N2907, 2N3486 
2N2904A, 2N2906A, 2N3485A 
2N2905A, 2N2907A, 2N3486A 

S1111bol 

lcso 

svcso 

VCE(sat)"' 

VBE(sat)"' 

Min 

60 

40 
60 

20 
35 
40 
75 

25 
50 
40 

100 

35 
75 
40 

100 

40 
100 

20 
30 
40 
50 

Mu 

.020 

.010 
20 
10 

50 

50 

0.4 
1.6 

1.3 
2.6 

120 
300 

30 

U11t 
µAde 

nAdc 

nAdc 

Vdc 

Vdc 

Vdc 

Vdc 

Vdc 

pf 

pf 
(VBE = 2 Vdc, le = 0, f = 100 kc) 

l---·~~-~~~~~~~~~~~~~~~~~~~~~--1r--~~-t-~~-t--~-+-~-i 
Current-Gain - Bandwidth Product 

(IC = 50 mAdc, VcE = 20 Vdc, f = 100 me) 

•Pulse Test: Pulse Width = 300 µsec, duty cycle ~ 2% 

SATURATED TURN-ON 
SWITCHING-TIME TEST CIRCUIT 

1K 

0Ul6V 
~ "" PW,,;;:200nset 

SATURATED TURN-OFF 
SWITCHING TIME TEST CIRCUIT 

+15V 

lK 

Ol__[30V 

~ 
PW~200nsec 

"" 
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me 
200 

NON·SATURATEO SWITCHING-TIME TEST CIRCUIT 

1K 

Pt.~t:f~~ 

~ 1000 

.01µ.f 

10Cl{l 
PW= 15nsec 



--Motorola.High-Frequency Transistors --

2N2904, A-2N2907, A and 2N3485, A, 2N3486, A (Continued) 

SWITCHING CHARACTERISTICSCAt 25°C unless otherwise noted) 

ChlflCllflstlc Symbol r,,1ca1 ... U1• 
Delay Time t,i 6 10 nsec 

Rise Time t, 20 40 nsec 

Turn-On Time t"" 26 45 naec 

Storage Time ta 50 80 nsec 

Fall Time tr 20 30 nsec 

Turn-Off Time toa 70 100 nsec 

Total Switching Time ltota1 12 --- nsec 

CURRENT GAIN versus COLLECTOR CURRENT 

nm \ 

0.2 ....__._.__ ............... .....__._._ .............................. __.__.__._..T.J...UJ..f111_..._--J........L-L....L..U..LL...-1."'""---'--'Wl\ 
.01 .02 .05 0.1 0.2 0.5 1.0 2.0 5.0 

CURRENT GAIN-BANDWIDTH PRODUCT 

versus COLLECTOR CURRENT 

le, COLLECTOR CURRENT (mA) 
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10 50 100 200 500 

Ve= lOV 

T..,=+2s·c 

4 6 10 20 40 60 100 200 

le. COLLECTOR CURRENT (mAdc) 



--Motorola High-Frequency Transistors --

2N2904, A-2N2907, A and 2N3485, A, 2N3486, A (Continued) 

~ 
~ 

~ 
~ 
~ 

~ 
Ei 
~ 
:;; 

~ 
f;j 
8 

~ 

COLLECTOR SATURATION VOLTAGE versus BASE CURRENT 

t.0 l 

0.8 

0.6 

0.4 -
0.2 

0 
.06 0.l l.Q 10 100 

11, BASE CURRENT (mAdc) 

I 2N2905, 2N2907, 2N3486 

II \ ANO A VERSIONS 
l---l---l--.\---1----1-1~-~--l--1-1>----1--~-i----l--l--l----I--- T, = 25"C-+--1 

l,=~OmA \ 

LO 
11, BASE CURRENT (mAdc) 

CAPACITANCE VARIATIONS versus VOLTAGE 
40 20 

2'---'-~-'--'--'--'~-'-~...._..._ ....... ~~~ 
0.1 0.2 0.4 0.6 1.0 4 6 10 20 40 

REVERSE BIAS {VOLTS) 
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I\ 

10 

ACTIVE REGION TIME CONSTANT 
versus COLLECTOR CURRENT 

10 20 40 60 100 

le, COLLECTOR CURRENT {mAdc) 

100 

200 400 



-- Motorola High-Frequency Transistors --

Vcao=25V 

2N2929 Ge= 26 db @ 60 Mc 
NF= 5.5 db @ 200 Mc 
Po=300mW 

PNP germanium epitaxial mesa transistor for low 
noise, broadband, power and driver amplifier appli
cations. 

MAXIMUM RATINGS 

Characteristic Symbol Ratings Unit 
Collector-Base Voltage VcBo -25 Volts 

Collector-Emitter Voltage VCES -25 Volts 

Collector-Emitter Voltage VcEo -10 Volts 

Emitter-Base Voltage VEBO -0.75 Volts 

Collector Current le -100 mA 

Total Device Dissipation @ TA = 25°c Pn 300 mW 
Derate above 25°c 4 mw/0 c 

Total Device Dissipation@ Tc = 25°C PD 750 mW 
Derate above 25°c 10 mw/0c 

Junction Temperature TJ 100 oc 

Storage Temperature Tstg -65 to +100 oc 

NORMALIZED DC CURRENT GAIN CHARACTERISTICS 

~'--~-'-~-'-~~-'-~-'-~..._..._..._.._L....J..~~-'-~-'-~~-'-~-'---L~..._.._.i......i.~ 

-I -2 -5 -7 -10 -20 -so -70 -100 

lc,COUECTOllCURRElfflmAdcl 
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-- Motorola High-Frequency Transistors --

2N2929 (Continued) 

ELECTRICAL CHARACTERISTICS 

Characteristic Symbol Test Conditions Min Tni_ Max Unit 
Collector-Base Breakdown Voltage BVCBO 1c =-100 µAde, IE = 0 -25 -45 - Vde 

Collector-Emitter Breakdown Voltage BVcES 1c =-100 µAde, VEB = 0 -25 -45 - Vde 

Collector-Emitter Breakdown Voltage BVCEO 1c =-10 mAde, IB = 0 -10 -20 - Vdc 

Emitter-Base Breakdown Voltage BVEBO IE =-1 mAcle, 1c = 0 -0.75 -1.5 - Vde 

Collector Cutoff Current le BO Vcs =-10 Vdc, Ig = o - -0.15 -5 µAde 

Vea =-10 Vdc, IE = 0, TA =+55oC - - -50 

Emitter Cutoff Current 1EBO V EB =-0.5 Vde, 'c = 0 - -1 -100 µAde 

DC Forward Current Transfer Ratio hFE VcE =-10Vde,1c -10 mAcle 10 30 100 -
Collector-Emitter Saturation Voltage VcE(sat) 'c =-50 mAcle, IB =-10 mAcle - -0.15 -0.5 Vde 

Base-Emitter Saturation Voltage VBE(sat) 'c =-50 mAde, 'B =-10 mAde - -0.55 -1.0 Vdc 

Small-Signal Forward Current 
Transfer Ratio "re le =-10 mAdc, Veg =-10 Vdc, f = 1 kc 10 35 120 -

Current Gain - Bandwidth Product t, le =-10 mAdc, V CE =-10 Vdc, f = 100 me 800 1100 1400 me 

Jc =-20 mAdc, V CE =-10 Vdc, f = 100 me 1000 1250 1600 

1c = -40 mAdc, VcE =-10 Vde, f = 100 me 700 I 1200 -
Collector-Base Time Constant rtJ'Cc V CB =-10 Vdc, lg = +20 mAdc, f = 31.8 me 10 25 40 psec 

Real Part of SmaJHi!gnal Short 
Re(h18) Circuit Input Impsd.ance 1c =-10 mA, VcE =-10 v, f = 1000 me - 45 75 ohms 

Collector-Base Capacitance cob Vee =-10 Vdc, Ig = o, t = 100 kc - 1.75 2.5 pf 

Power Gain a. V CE =-10 Vdc, 1c =-10 mAdc, f = 60 me 26 28 - db 

V CE =-10 Vdc, 'c •-10 mAdc, f = 200 me - 16 -
Noise Figure NF VcE =-10 Vdc, 1c =-2 Ade, I • 200 me - 5.5 - db 

Ra= 500 

NOISE FIGURE versus FREQUENCY MAXIMUM AVAILABLE GAIN versus FREQUENCY 

10 ---,---~~~~~~-~~~ 
le= -1nmA 

I-VCE ~ - IOV -1--4-4--14-4--l----+---< 

2L..--..L-....L._JL_..L...L...L..L..L---L--I 
20 30 50 70 JOO 200 

f. FREQUENCY !mcl 
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"--~1~1~ 

~--'1"-"~-4--4-+.l-I-~ ~~E ~ =~~~lA-+--+-

30 l---+--l-~-"11'-.....:i..-l-+-1-1-~-!-'-__,._, T" ,.._ 
1---+-NEU! GAIN _'.j.l..i,.·i..:i.--i---1--.L..4-I 

~ M.A.G.=~ 
'~ 4(g,1gnl 

20 30 so 70 100 200 500 

f. FREQUENCY Imel 



-- Motorola High-Frequency Transistors --

2N2947 
2N2948 

~G.=lOdb@SOMc 
~P0=15W@50M< 

CASEI~ 
(T0-3) 

NPN silicon annular transistors for power amplifier 
applications to 100 Mc. 

MAXIMUM RATINGS (NOTE 1) 

Characteristic Symbol 
Ralint_ 

Unit 
2N2947 2N2948 

Collector- Base Voltage VCBO 60 40 Vdc 

Collector-Emitter Voltage VCES 60 40 Vdc 

Emitter - Base Voltage VEB 3 2 Vdc 

Collector-Current (continuous} IC I. 5 Ade 

Base-Current (continuous) IB 500 mAdc 

Pcwe:r !nput (Nominal) P. 
In 

5 0 Watts 

Power Output (Nominal} p 
out 

20. 0 Watts 

Total Device Dissipation Po 25. 0 Watte 
@ 25" C Case Temperature 

Derating Factor above 25 ° C 167 mW/°C 

Junction Temperature TJ 175 oc 

Storage Temperature Tstg -65 to+ 175 oc 

Note 1. The maximum ratings as given for DC conditions can be exceeded on a pulse basis. See electrical characteristics. 

POWER OUTPUT versus FREQUENCY 

;;; 

s 
~15<--~~-+-~~~'-"-+-...._.~+-+--

0 
~ 

~ 10 

VcE:::: 25V 
Tc:::: 2s·c 

20 40 60 80 100 200 

f, FREQUENCY (me) 
300 

OUTPUT CHARACTERISTICS versus POWER INPUT 
80 

70 

60 

~ 
~ 50 

u 
§ 40 

0 

~ 30 

~ 
20 

10 
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20 

15 

~ 
'° 
g lO 

~ 
J 

0 
0 0.5 1 1.5 2 2.5 

P, 0 , POWER INPUT (WATTS) 
3.5 

2.0 

.2 
0.5 



-- Motorola High-Frequency Transistors --

2N2947 (Continued) 

ELECTRICAL CHARACTERISTICS TA= 25'C unless otherwise noted 

Cllaracteristic Symbol Test Conditians Min Typ Max Unit 

Collector-Emitter v • Volts 
Sustain Voltage 

CES (sus) 
2N2947: IC = 0. 250 A, RBE = 0 90 120 --
2N2948: IC = 0. 250A, RBE = 0 80 100 --

Collector-Emitter- VCEO(susi Volts 
Open Base 
Sustain Voltage 2N2947'. 'c = o. 250A, IB = o 40 -- --

2N2948 'c = o. 250A, 1B = o 20 -- --
Collector- Emitter 1CES 

mAdc 
Current 

2N2947 VCE = 60 Vdc, VBE = 0 -- -- 0. 5 

V CE = 50 Vdc, V BE = 0, TC= 175'C -- -- 1. 0 

2N2948: V CE = 40 Vdc, V BE = 0 -- -- 0.5 

VCE = 30Vdc, VBE = 0, Tc= 175'C -- -- 1. 0 

Collector Cutoff 1cBo 
2N2947: V CB = 50 Vdc, IE = O -- -- 1 

Current 
µAde 

2N2948: V CB = 30 Vdc, IE = O -- -- 1 

Emitter Cutoff 1EBO 
2N2947: v EB = 3 Vdc, 'c = 0 -- -- 100 µAde 

Current 
2N2948: V EB = 2 Vdc, IC = O -- -- 100 

DC.Current Gain hFE 
2N2947: IC = 400 mAdc, V CE = 2Vdc 2.5 -- 35 

2N2948 'c = 400 mAdc, v CE = 2 Vdc 2.5 -- 100 

I 
Both Types: IC = 1 Ade, V CE = 2 Vdc 2. 5 -- --

Collector-Emitter 
V CE(sat) IC = 1. 0 Ade, IB = 500 mAdc -- -- 0. 5 Vdc 

Saturation Voltage 

Base-Emitter VBE(sat) 'c = 1. o Ade, IB = 500 mAdc -- -- 2.0 Vdc 
Saturation Voltage 

AC Current Gain lhfel VcE= 2.0 Vdc, 'c = 400 mAdc, f = 50 me 2.0 -- --

Collector Output 
Capacitance 

cob VCB = 25 Vdc, IE=O, f = 100 kc -- -- 60 pf 

Power Input P. Pout= 15 W, f = 50 me, VCE = 25 Vdc -- 2. 0 3.0 Watts 
In 

Efficiency ,, 1c(max) = lA 60 80 -- % 

Power Input Pin Pout= 15 W, f = 30 me, VCE = 25 Vdc -- 2.0 3.0 Watts 

Efficiency ,, 1c(max) = l. O A 60 70 -- % 

• Pulse Measurement: Pulse Width ::; 100 µsec, Duty Cycle• 2% 
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--Motorola High-Frequency Transistors --

2N2947 (continued) 

POWER OUTPUT versus COLLECTOR VOLTAGE 

15 1-~~+-~~+-~~+-~~..r--~---i 

I 
5 
~10 I--~~+-~~+-~--+-~~+-~--< 

i 
j 

2N2949 
2N2950 

10 15 20 25 
VcE• COLLECTOR-EMITTER VOLTAGE (VOLTS) 

POWER OUTPUT versus POWER INPUT 

2 
P,., POWER INPUT (WATTS) 

~ Ga=12db@50Mc 
~ P0 =3.5W@50Mc 

NPN silicon annular transistors for power amplifier 
and driver applications to 100 Mc. 

2N2949 2N2950 

MAXIMUM RATINGS (Note I) 

Characteristic Symbol Rating Unit 

Collector-Base Voltage VCBO 60 Vdc 

Collector-Emitter Voltage VCES 60 Vdc 

Emitter - Base Voltage VEB 3.0 Vdc 

Collector Current (Continuous) IC o. 7 Ade 

Base Current (Continuous) IB 100 mAdc 

RF Input Power (N'om) Pin 1. 0 Watt 

RF Output Power (Nom) Pout 5.0 Watts 

Total Device Dissipation 
Pc 

6.0 Watts 
(25•·c Case temperature) 40 mW/°C 
(Deratlng Factor above 25°C) 

Total Device Dissipation at 2N294912N2950 
25° Ambient PD 0. 5 0. 7 Watt 
(Deratlng Factor above 25°C) 3.33 4.67 mw/•c 

Junction Temperature TJ 175 •c 

Storage Temperature Tstg -65 to+ 175 •c 

The maximum ratings as given for DC conditions can be exceeded on a pulse basis. See Electrical 
Characteristics. 
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--Motorola High-Frequency Transistors --

2N2949, 2N2950 (Continued) 

ELECTRICAL CHARACTERISTICS TA= 25°C unless otherwise noted 

Characteristic Symbol 

Collector-Emitter Sustain Voltage v • 
CES(sus) · 

Collector Emitter-Open Base V CEO(sus) 
Sustain Voltae:e 

Collector-Emitter Current ICES 

Collector - Cutoff Current ICBO 

Emitter-Cutoff Current 1EBO 

DC Current Gain hFE 

Collector -Emitter Saturation 
1CE(sat) Voltage 

Emitter-Base Saturation Voltage VBE(sat) 

AC Current Gain I hrel 

Collector Output Capacitance cob 

Power In.put P. 
m 

Efficiency ,, 

*Pulse Width :s lOOµsec, Duty Cycle= 2% 

POWER OUTPUT versus FREQUENCY 

13L----'---'---1-_,.._-I-,_,,..,_.,_ ___ _,__ __ 
~ 
§ 
~ 2 L_ __ __L _ _L_-L--1--1-L>L--U--''---'---' 

~ 

c...i 

o'-----L--.l.--'--'--'-1....1..1..L--->.-'--~ 
10 20 40 60· 80 100 200 300 

f, FREQUENCY (me) 

Test Conditions Min Typ Max Unit 

Ic=O. 250 A, RBE= 0 85 120 -- Volts 

Ic=O. 250A, I8 =0 40 -- -- Volts 

VcE=60Vdc, VBE=O -- -- 100 µAde 

VcE=50Vdc, VBE= 0 -- -- 500 

Tc=+ 175°C 

v cs=50 vc1c, ~=o -- -- 0.1 µAde 

v EB= 3 Vdc, Ic=O -- -- 100 µAde 

vcE= 2.0 Vdc 5.0 -- 100 --
Ic= 40 mAdc 

vcE=2.0 Vdc 5. 0 -- -- --
Ic= 400 mAdc 

IC= 400 mAdc, 1e= 80 mAdc -- -- 0.5 Vdc 

IC =400 mAdc, 18 =80mAdc -- -- 2. 0 Vdc 

vcE=2.0 Vdc 2.0 -- -- --
Ic=40 mAdc, f=50 me 

v ca= 25 Vdc, r E"'o -- -- 20 pf 

f=lDOkc 

-- -- 0.35 Watt 

P out=3. 5 watts, f=50 me 

V CE=25 Vdc, IC(mas)=325 mA, 
43 -- -- % 

OUTPUT CHARACTERISTICS versus POWER INPUT 

90 t-----t----t----t----t---,,, 
80 P •• + ~ 800 

i'?' ii 70 1----+--+---/--j,./«--!---- l 
~-3 > !;; 

ffi_ 60 I---+---+~"'---+---+--- 600 ~ 

O~ 17 :: ~ § 501----J----,tr.~--+~--+--- ~ 
~ / ......____ COLL EFF. ~ t; 
~2 g 40 7 . __..-t- 400 ~ 
j 8 301-----+tL---t---~"""---t----I ~ 
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17 _.........---1"-- lc 
20 1-----+LZJ---_.l.L.--l-l--(.._-_j 200 

Ye= 25 Vdc 
101----->'----+----l--~t=50mc~ 

Tc= 25°C 

o'-----'----'----'----''---...;..J 
0 0.1 0.2 0.3 0.4 0.5 

P,., POWER INPUT {WATTS) 



--Motorola High-Frequency Transistors --

2N2949, 2N2950 (continued) 

POWER OUTPUT versus COLLECTOR VOLTAGE 

i 
3 

5 

~ 2 

i 
j 

2N2951 
2N2952 

5 10 15 20 
VcE• COLLECTOR-EMITTER VOLTAGE (VOLTS) 

25 

i 3 
5 
§ 

~ 
2 

.J 

POWER OUTPUT versus POWER INPUT 

0.1 0.2 0.3 0.4 0.5 
P,., POWER INPUT (WATTS) 

Ge= 9 db @ 50 Mc 
P0 =600mW@50Mc 

" ~ NPN silloon annular Star transisto•s fo• pow" am-
CASE 3~CASE 22 

~ plifier applications to 100 Mc. 

(T0-5) (T0-18) 
2N2951 2N2952 

MAXIMUM RATINGS 

Characteristics Symbol Rating Unit 

Collector-Base Voltage VcBo 60 Vdc 

Collector-Emitter Voltage VCES 60 Vdc 

Emitter-Base Voltage VEBO 5 Vdc 

Collector Current (continuous) re 250 mAdc 

Base Current (continuous) IB 50 mAdc 

--- ---
2N2951 2N2952 

Total Device Dissipation Pc 
(25 ° C Case Temperature) 3 1.8 Watts 
IDerate above 25' C) 20 12 mW/'C 

--- ---
Total Device Dissipation PD 

(25'C Ambient Temperature) 0. 8 0. 5 
(Derate above 25'C) 5. 33 3. 33 mW/'C 

--- ---
Junction Temperature TJ -65 to 175 'C 

Storage Temperature Tstg -65to175 'C 

NOTE 1: The maximum ratings as given for D.C. conditions can be exceeded on a pulse basis. 
See Electrical Characteristics. 
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-- Motorola High-Frequency Transistors --

2N2951, 2N2952 (Continued) 

ELECTRICAL CHARACTERISTICS (At 25°C ambient unless otherwise noted> 

Characteristic ~ymbol Conditions Min Max Unit 
Collector- Emitter Current ICES V CE= 60Vdc, -- .00 µAde 

VBE = 0 

V CE= 50Vdc, -- 500 µAde 
VBE = 0, 

TC= 175°C 

Collector Cutoff Current ICBO 
V GB= 50 Vdc, -- 0.1 µAde 

IE= 0 

Emitter Cutoff Current IEBO VEB = 5 Vdc, -- 100 µAde 

IC= 0 

DC Current Gain hFE IC= 10 mAdc, 20 150 --
V CE= 10Vdc 

IC = 150mAdc, 20 -- --
* VCE = 10 Vdc 

Collector-Emitter Saturation Volta~e V CE(sat) IC = 150 mAdc, -- 0. 5 Vdc 

IB = 15 mAdc 

Base-Emitter Saturation Voltage VBE(sat) IC = 150 mAdc, -- 2.0 Vdc 

IB = 15 mAdc 

Collector-Emitter Sustain Voltage V CES(sus) 
• IC = 100 mA, 30 -- Volts 

R 
BE 

= 0 

I Collector-Emitter Open Base 
• Sustain Voltage VcEO(sus) IC= 100 mA, 20 -- Volts 

I B=O 

AC Current Gain hfe VCE = 10 Vdc, 4.0 -- --

IC = 10 mAdc 

f = 50 me 

Collector Output Capacitance cob v ca= 10 Vdc, -- 8 pf 

IE=O, f = lOOkc 

Power Input P. -- 100 mW m p t = 600 mW 
OU 

f = 50 me 
V CE = 13. 6 Vdc 

IC(ma,x) = 125 mA 

Efficiency " 35 -. % 

*Pulse 5 100 nsec, Duty Cycle= 2% 
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--Motorola High-Frequency Transistors --

2N2951, 2N2952 (Continued) 

POWER OUTPUT versus FREQUENCY OUTPUT CHARACTERISTICS versus POWER INPUT 
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\ 
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f, FREQUENCY(mc) 

POWER OUTPUT versus COLLECTOR VOLTAGE 

f = 50mc 
P, 0 = lOOmW 1---
Tc= 2s·c ~-

j,,-/ 
/ 
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~ 
~ 
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f = 50mc f.-1000 l 
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8 

200 t----H~+--+-+--+-+---+--+--<--l 20 

o~ o 
0 20 40 60 80 100 120 140 160 180 200 

P;., POWER INPUT(mW) 

POWER OUTPUT versus POWER INPUT 
1400 .--.--.,---,---,----,..--.--.--.--.,-~ 

v" ! 28.0Lc. ' ~-f = 50mc 
Tc= 2s·c 

1200 t--t-+-+-""1-'--+-·-"1 __,_tl=..+o---~F=-i _...,--...i-
........ 

~ IOOO 7 13.6Vdc~ 
~ ,.o 1---+--'vfLJ-+--+--+V---J ............ "-+-'--1---+--l g 
~600 rf- L 
.!400 v y 

200 LZ~ 
0 ..__.W~~_.__..___,___.___, 

o .20 w w w ~ m ~ ~ m a 
P; 0 , POWER INPUT{mW) 

200 

160 

40 

POWER OUTPUT AND POWER GAIN CIRCUIT 

+13.6V 
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2.7 µh 
.001 µf 

~ 
R~ =son 

4-30 
..... 

NOm 
GROUND POINT must be kept as close as 
possible to the transistor emitter lead, 
Transistor must be mounted with heat sink, 



-- Motorola High-Frequency Transistors-. --

2N2955 
2N2956 
2N2957 

Vceo = 18-25 V 
le= lOOmA 
fr = 200-300 Mc 

~, PNP germanium epitaxial mesa transistors for high
s peed switching applications. 

CASE 22 
(T0-18) 

MAXIMUM RATINGS TA= 25°C unless otherwise noted 

Characteristic Symbol 

C9llector-Base Voltage VcBO 

Emitter-Base Voltage VEBO 
2N2955 

Collector-Emitter Voltage 2N2956 VCEO 
2N2957 

Collector Current Ic 

Junction Temperature TJ 

Storage Temperature TSTG 

Total Device Dissipation at 25°c 
Case Temperature PD 
(Derate 4 mw;oc above 25oc) 

Total Device Dissipation at 25°c 
Ambient Te111perature PD 
(Derate 2 mw/0 c above 25°c) 

CURRENT GAIN CHARACTERISTICS 
2N2955 

lOO ;::=;::::;:~;::;::;::=====::;:===::;:==:;::=:;:_-T~cc~~-0-vJ:~, 100 

80 v 
60~+-+-l-H-~~--+~-+~-+--+-+-+-l-H 60 vr 50 

z vr g 40 
z r--1 

30 

j 

20 

10 COLLECTOR CURRENT (mAdc) 
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Rating Unit 

40 Vdc 

3.5 Vdc 

25 
20 Vdc 
18 

100 mAdc 

100 oc 

-65 to +100 OC 

300 mW 

150 mW 

CURRENT GAIN CHARACTERISTICS 
2N2956 -

20 40 60 80 100 

le, COLLECTOR CURRENT (mAdc) 



--Motorola High-Frequency Transistors --

2N2955, 2N2956, 2N2957 (Continued) 

ELECTRICAL CHARACTERISTICS (At TA= 25'C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 
DnChlnicterlstlcs 

Collector-Base Breakdown Voltage Bvceo Vdo 
Cle = 100 ~Ade, IE= O) 40 80 

E~~tt:;~~as;:d:~~~w;) Voltage BVEBO Vdo 
3.5 

Collector-Emitter Breakdown Voltage BVcEO Vdo 
(le= IO mAdc, Emitter-Baae Termination - Open) 2N2955 25 35 

2N2956 20 28 
2N2957 18 25 

'Collector-Emitter Reverse Current 1CEX µAde 
(VcE = 25 Vdc, VEB = 0.5 Vdc) 10 

Base Leakage Current !BL µAde 
(VcE = 25 Vdc, VEB = 0.5 Vdc) 10 

O.Chlracttrlstk:s 
Forward Current Transfer Ratio hFE 

(le= 10 mAdc, VcE = 1 Vdc) 2N2955 20 43 
2N2956 30 64 
2N2957 60 105 

(le= 50 mAdc, VcE =I Vdc) 2N2955 20 43 60 
2N2956 40 76 120 
2N2957 100 130 

(le= 100 mAdc, VcE =I Vdc) 2N2956 30 69 
2~957 60 115 

Collector-Emitter Saturation Voltage VcE(sat) Vdo 
(le = 10 mAdc, le= 1 mAdc) 2N2955 0.12 0,20 

2N2956 0.12 0.18 
2N2957 0.09 0,15 

(le = 50 mAdc, IB = 5 mAdc) 2N2955 0.20 0,30 
2N2956 0.16 0,25 
2N2.957 u.1J IJ,.:IJ 

(lc; = 100 rnAdc, IB = 10 mAdc) 2N2956 0,23 0.34 
2_N2957 0.16 0,26 

Base-Emitter Voltage VBE Vdo 
(le = 10 rnAdc, la = I rnAdc) 2N2955 0,38 0.50 

2N2956 0.37 0.47 
2N2957 0.36 0.44 

(le= 50 mAdc, Ia= 5 mAdc) 2N2955 0.51 0.65 
2N2956 0.48 0,60 
2N2957 0.45 0,55 

(le = 100 mAde, IB = 10 mAdc) 2N2956 0.56 0.70 
2N2957 0.52 0.65 

TranslentChamteristics 

°(~~~~~~!~~I;= 0, f = I me) 
10 cob pf 

I 2.5 

rnr;~~a_;~e~~.c~ = o, r = 1 me) 
10 cfb pf 

3.3 

Small Signal Forward Current Transfer Ratio 
2N2955 I "r, I 

(VcE = 5 Vde, le = 10 mAdc, f = 100 me) 2 3.5 
2N2956 2.5 3.75 
2N2957 3 4.0 

o~:~CT~~~ Velc, Ics·= 50 rnAde, 181 = 5 mAde, ~(Off)= 2.2 Vele) 
.. 

15 

Rise Time t, 
(same conclitions as ~ 2N2955 25 40 

2N2956 18 30 
2N2957 15 25 

Storage Time 
2N2955 

t, 
40 (Vee = 12 Vele, lcs = 50 mAelc, 181 = 5 mAde, Ie2 = 5 mAdc) 28 

2N2956 37 55 
2N2957 42 60 

Fall Time 
2N2955 ~ 

(same conclitions as t8) 25 40 
2N2956 18 35 
2N2957 18 35 

Total Control Charge 
2N2955 

Q-r po 
Oc = 10 lil.Adc, IB = 1 mAdc) 84 

2N2956 88 
2N2957 88 

Active Region Time Constant 14 TA 
(le = 10 rnAdc) 2.9 
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--Motorola High-Frequency Transistors --

2N2955, 2N2956, 2N2957 (Continued) 
CURRENT GAIN CHARACTERISTICS 

2N2957 
TOTAL CONTROL CHARGE 

z 
I IOO~i11~11 60 

~ 40 
,§ 40 

75°C 
25°C ....J O'C - 55°C~ 

20 o---+---+-......,>-+<'++t--+--+--+-i-+-+++t 

10'-~.._ ....................... ~.._.._ ................ 
0.1 0.2 0.4 0.6 1.0 2.0 4.0 6.0 10 

v 
I,, BASE CURRENT {mAdc) 20 ._.._v' . ..1:.L_._1v ... dc..._ __ _. _ __._.....__.__.__._...._. 

5 10 

COLLECTOR-EMITTER SATURATION VOLTAGE versus BASE CURRENT 
1.0 

§' 0.8 

~ 

~ 0.6 

~ 
0 

~ 0.4 

~ 
J 0.2 

0 
0.1 

1.0 

en o.s 
2i 
"'-
~ 0.6 

§! 

~ 0.4 

~ 
Ji 0.2 

0 
0.1 

1.0 

en a.a 
2i 
"'-
~ 0.6 

§! 
~ 
0 r· 
Ji 0.2 

0.1 

lOmA 

~ 
0.2 

J 
l 

lOmA 20mA 

~ 
......... ' 

0.2 

lOmA 20mA 

~ 

0.2 

J J T 1 2N2955 . 

20mA } somA 

1 
i 

h... 
......._ 

0.4 0.6 0.8 1.0 2.0 
11, BASE CURRENT {mAdc) 

~ 2J9~6 l 
l 

50mA l lOOmA 

1 
~ -\ 

N-

0.4 0.6 0.8 LO 2.0 

11, BASE CURRENT (mAdc) 

_l \ 
2N2957 

50mA li IOOmA 

~ 
I ~ ~ 

N -
0.4 0.6 0.8 1.0 2.0 

11, BASE CURRENT (mAdc) 
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20 40 60 80 100 

le, COLLECTOR. CURRENT (mAdc) 

' TJ = 2s0 c 

4.0 6.0 8.0 10 

TJ = 25°C 

4.0 6.0 8.0 10 

TJ = 25°C 

4.0 6.0 8.0 10 



--Motorola High-Frequency Transistors --

2N2958 
2N2959 
2N3115 
2N3116 

VcE0=20V 
lc=600mA 
fr = 400 Mc Typ 

NPN silicon annular Star transistors for high-speed 
\witching and runplifle' application•. 

CASE 22 
(T0-18) 

2N2958 
2N2959 

MAXIMUM RATINGS 

Characteristics 

2N3115 
2N3116 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector-Current 

Total Device Dissipation 
25°c Case Temperature 

Derate above 25°c 

Total Device Dissipation 
25°c Ambient Temperature 

Derate above 25°c 

Junction Temperature 

Storage Temperature 

Symbol 

Vcao 

VCEO 

VEBO 

Ic 

Po 

Po 

TJ 

Tstg 

8-139 

Types 

2N2958 2N3115 Unit 
2N2959 2N3116 
(T0-5) (T0-18) 

60 60 Vdc 

20 20 Vdc 

5 5 Vdc 

600 600 mAdc 

3 1.8 Watts 
20 12 mw/0 c 

0_6 0.4 Watts 
4.00 2.67 mW/OC 

-65 to +175 oc 

-65 to +200 OC 

I 



--Motorola High-Frequency Transistors --

2N2958, 2N2959, 2N3115, 2N3116 (Continued) 

ELECTRICAL CHARACTERISTICS TA= 25°C unless otherwise noted 

Characteristics Symbol Min Max Unit 

Collector Cutoff Current 1cao 1.1 Ade 
(Vea = 50 Vdc, lg = O) --- 0.025 
(Vea= 50 Vdc, IE = o. TA= 150°c) --- 15 

Collector Cutoff Current le EX 1.1 Ade 
(VcE = 30 Vdc, VBE = -0.5 Vdc) --- .050 

Base Cutoff Current IBL 1.1Adc 
(VcE = 30 Vdc, VBE = -0.5 Vdc) --- .050 

Collector-Base Breakdown Voltage BVcao Vdc 
(IC = 10 µAde,~= 0) 60 ---

Collector-Emitter Breakdown Voltage* BVcgo• Vdc 
(le = 10 mAdc, pulsed, 18 = O) 20 ---

Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE= 10 µAde, le= O) 5 ---

Collector Saturation Voltage* Veg (sat)* Vdc 
(IC = 150 mAdc, 18 = 15 mAdc) --- 0.5 

Base-Emitter Saturation Voltage* VBE (sat)* Vdc 
(IC = 150 mAdc, 18 = 15 mAdc) --- 1.3 

I DC, Forward Current Transfer Ratio hFE ---
(le = 150 mAdc, 2N2958, 2N3115 40 120 
V CF. = 10 Vdc) 2N2959, 2N3116 100 300 

Common-Base Open Circuit Output Capacitance cob pf 
(Vea = 10 v, lg = o, f = 100 kc) --- 8 

Delay Time 
150 mA, 181 115 mA) 

td nsec 
(Vee = 30v,1cs = --- 20 

Rise Time 
150 mA, 181 ~!j mA) 

tr nsec 
(Vee = 30 v, 1cs = --- 75 

Storage Time ts nsec 
(Vee = 6 v, les = 150 mA, 181 = +15 mA, --- 300 
182 = -15 mA) 

Fall Time ti nsec 
CVcc = 6 v. Ics = 150 mA, 181 = +15 mA, --- 200 
182 = -15 mA) 

Current Gain-Bandwidth Product fT me 
(IC = 20 mA, V CE = 20 V, f = 100 me) 250 ---

•PULSE TEST: Pulse width ,,;: 300 µsec, duty cycle ,,;: 2% 
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--Motorola High-Frequency Transistors --

2N3133 thru 2N3136 VcEo =35V 
lc=600mA 
fr=200Mc 

~ S' PNP silicon annular Star transistors for high-speed 
\\witching and DC to UHF amp!Hier application•. 

CASE 22 
(T0-18) 

2N3133 2N3135 
2N3134 2NS136 

MAXIMUM RATINGS 

Types 
Jill-5)__ JI_0-181 
2N3133 2N3135 

Characteristic Symbol 2N3134 2N3136 Unit 

Collector-Base Voltage VcBo 50 50 Vdc 

Collector-Emitter Voltage VcEO 35 35 Vdc 

Emitter-Base Voltage VEBO 4 4 Vdc 

Collector Current le 600 600 mA 

Total Device Dissipation Po 
@25°c Case Temperature 3 1.8 Watts 

Derate Above 25°C 17.3 10.3 mw/0 c 

Total Device Dissipation Po 
@ 25Pc Ambient Temperature 0.6 0.4 Watts 

Derate Above 25°c 3.43 2.28 mw/0 c 

Junction Temperature TJ -65 to +200 oc 

Storage Temperature Tstg -65 to -+300 OC 

SWITCHING CHARACTERISTICS (At 25°C unless otherwise noted) 

Cbal'ICtlrlstlc srmbol !filcll M11 Unit 

Turn-On Time ton nsec 
(Vee = -30 V, lcs = 150 mA, IBl = 15 mA) 26 75 

Turn-Off· Time toff nsec 
(Vee = -av, Ics = 150 mA, 1B1 = 1B2 = 15 mA) 70 150 
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--Motorola High-Frequency Transistors --

2N3133 thru 2N3136 (Continued) 

ELECTRICAL CHARACTERISTICS (At 2s•c unless otherwise noted) 

Chll'ICtlristlc S,..bal Min Max Unit 

Collector Cutoff Current leBO µAde 
(Vee = 30 Vdc, IE = 0) --- 0.05 
(Vee =30 Vdc, IE = 0, TA = 150°c> --- 30 

Collector Cutoff Current JcEX µAde 
(VcE = 30 V, VeE = 0.5 V) --- 0.1 

Base Cutoff Current IeL µAde 
(VcE = 30 V, VeE = 0.5 V) --- 0.1 

Collector-Base Breakdown Voltage BVceo Vdc 
(le = 10 µAde, IE = O) 50 ---

Collector-Emitter Breakdown Voltage• BVcEo* Vdc 
(It:: = 10 mAdc, Ie = O) 35 ---

Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE = 10 µAde, le = 0) 4 ---

Collector Saturation Voltage• VcE (sat)* Vdc 
(le = 150 mAdc, le = 15 mAdc) --- 0.6 

I 
Base-Emitter Saturation Voltage• VeE (sat)* Vdc 

<le = 150 mAdc, le = 15 mAdc) --- 1.5 

DC Forward Current Transfer Ratio hFE ---
(le = 1.0 mAdc, VcE = 10 Vdc) 2N3133, 2N3135 25 ---

2N3134, 2N3136 50 ---
(le = 150 mAdc, VcE = 1~ Vdc)• 2N3133, 2N3135 40 120 

2N3134, 2N3136 100 300 

Output Capacitance Cob pf 
(Vee = 10 Vdc, IE = o, f = 100 kc) --- 10 

Input Capacitance cib pf 
(VeE = 2 Vdc, le = Q, f = 100 kc) --- 40 

Current-Gain - Bandwidth Product f7 me 
(le= 50 mAdc, VcE = 20 Vdc, f = 100 me) 200 ---

*Pulse Test: Pulse Width s 300 µsec, duty cycle s 2% 
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--Motorola High-Frequency Transistors --

2N3137 
MM1803 

Gpe = 7.7-8.5 db@ 250 Mc Typ 

P0 = 600-700 mW @ 250 Mc Typ 

NPN silicon annular transistors for large signal VHF 
and UHF applications. 

CASE 31 
(T0-.5) 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

C11llector Current (Continuous) 

Power Dissipation 
@25° C Case Temperature 
@25° C Ambient Temperature 

Operating Junction Temperature 
Storage Temperature Range 

Thermal Resistance--
Junction to Case 

Thermal Resistance--
Junction to Air 

250 MC POWER GAIN TEST CIRCUIT (2N3137) 

lOOllll.;!~:C- -1 
l20pf 

"" .411111 

---,_fr=_._~ I----'"" .,_ .,, 
: ., ... !::~Q 
I 
I 

l~(Collector1tr&)'ll) l.Spf 

I 

Lz • .075ah (5.S mru fl6p ID• 3/16" 1-1:111/2") 

Symbol 

VCBO 

VCEO 

VEBO 

1c 

PD 

~ stg 

"Jc 

9JA 
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2N3137 MM1803 Unit 

40 50 Vdc 

20 25 Vdc 

4 Vdc 

150 150 mAdc 

Watts 
2.0 
0.8 

200 ·c 
-65 to +200 

~ 
87.5 Watt 

-v-
153 Watt 

250 MC POWER GAIN TEST CIRCUIT (MM1803) 

r.,,•31•,....,.,.lLt:L-.!Winll/8"m 

r,1~t ...... 11o.JBtbnod111NJ/li.•m1/lD'loq 



--Motorola High-Frequency Transistors --

2N3137, MM 1803 (Continued) 

ELECTRICAL CHARACTERISTICS <TA= 25'C unless otherwise specified) 

Characteristic Symbol Min Typical Max Unit 

Collector-Base Breakdown Voltage VCBO Vdc 
le = o. lmAdc, IE = o 2N3137 40 

MM1803 50 

Collector-Emitter Open Base Sus. Voltage VCEO(sus) Vdc le = 15mAdc, IB = o 2N3137 20 
MM1803 25 

Collector Cutoff Current 1CBO µAde 
v CB= 20Vdc, IE = 0, Tc= +150" c Both Types 50 

Collector Cutoff Current 1CBO µAde 
vcB= 20Vdc, IE =0 Both Types 05 

Emitter-Base Breakdown Voltage VEBO Vdc 
IE = lOOµA, IC = 0 2N3137 4 

MM1803 5 

DC Current Gain hFE 
V CE = 5Vdc, le = 50mAdc 2N3137 20 120 

MM1803 40 160 

Collector-Emitter Saturation Voltage V CE(sat) Vdc 
le = 50mAdc, IE = 5mAdc Both Types 0.3 

Small Signal Current Gain 
lhfe I 

V CE= lOVdc, le = 50mAdc, f = lOOmc 5. 0 

Common-base Output Capacitance cob pf 

v CB= lOVdc, le = o, f = lOOkc 3. 5 

Power Output p 
out 400 600 mWatts 

I 
Power Gain Pin= lOOmw, f = 250mc 2N3137 Ge 6.0 7. 7 db 

Efficiency VCE = 20Vdc ~ 40 65 % 

Power Output pout 560 700 mWatts 

Power Gain Pin= lOOmw, f • 250mc MM1803 Ge 7. 5 8. 5 db 

Efficiency VCE = 20V ~ 45 60 % 

*Pulse Width = 300 µsec. Duty cycle = 1 % 
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--Motorola High-Frequency Transistors --

2N3227 

2N3244 
2N3245 

For Specifications, See 2N2369 Data Sheet 

V CEO = 40-50 V 
le= 1 A 
fr= 150-175 Mc 

PNP silicon annular transistors for medium-current, 
high-speed switching and driver applications. 

CASE 31 
(T0-5) 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation 
@, 25 • C Ambient Temperature 

Derating Factor Above 25°C 

Total Device Dissipation 
(g; 25 • C <;ase Temperature 

Derating Factor Above 25 ° C 

Junction Temperature, Operating 

Storage Temperah.re Range 

Thermal Resistance 

Symbol 

VCBO 

VCEO 

VEBO 

IC 

PD 

PD 

TJ 

Tstg 

9JA 
JC 
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Maximum Unit 2N3244 2N3245 

40 50 Vdc 

-----
40 50 Vdc 

5 Vdc 

1 Ade 

LO Watt 
5_71 mW/°C 

5 Watts 
28-6 mW/°C 

+200 ·c 

-65 to +200 ·c 

0.175 0 c/mw 
35 0 c/w 



--Motorola High-Frequency Transistors --

2N3244, 2N3245 (Continued) 

ELECTRICAL CHARACTERISTICS (at TA= 25'C unless otherwise specified) 

Characteristic Symb11I Min Max Unit 

Collector Cutoff Current 1CBO 
11Adc 

(VCB = 30 Vdc, IE= O) - .050 

(V CB= 30 Vdc, '£ = 0, TA= IOO'C) - 10 

Collector CUtofl Current 1CEX 
nAdc 

(VCE = 30 Vdc, YOB= 3 Vdc) - 50 

Emitter .. eaae Leakage Current 1EBO 
nAdc 

(VEB = 3 Vdc, 1c = 0) - 30 

Bue Cutoff Current 1BL 
nAdc 

(VCE = 30 Vdc, YOB= 3 Vdr.) - 80 

Collector-Bue Breakdown Voltaee BVCRO Vdc 
Uc= 1011Adc, IE= 0) 2N3244 40 -

2N3245 50 -
Collector-Emitter Breakdown Voltage• BY CEO 

. Vdc 
(IC = 10 mAdc, 18 = O) 2N3244 40 -

2N324:i 50 -

Emitter-Base Breakdown Voltage BVEBO \'de 
(IE= I011Adc, IC= O) 5 -

Collector Saturation Voltage• VCE(sat) 
. \'de 

Uc = 150 mAdc, 18 = 15 mAdc) 2N3244 - 0.3 
2N3245 - 0.35 

Uc= 500 mAdc, 1e = 50 mAdc) 2N3244 - 0.5 
2N3245 - 0.6 

(IC= I Ade, 18 = 100 mAdc) 2N3244 - 1.0 
2N3245 - 1.2 

Base-Emitter Saturation Voltage• VBE(sat) 
. \'de 

Uc= 150 mAdc, 18 = 15 mAdc) - I. I 

(IC = 500 mAdc, 1J = 50 mAdc) 0.75 1.5 

Oc=IAdc, 1e = 100 mAdc) - 2.0 

DC Forward Current Transfer Ratio• hFE 
. -

(IC= 150 mAdc, VCE = 1.0 Vdc) 2N3244 60 -
2N3245 35 -

(IC = 500 mAdc, VCE = 1.0 Vdc) 2N3244 50 150 
2N3245 30 90 

(IC= I Ade, VCE = 5 Vdc) 2N3244 25 -
2N3245 20 -

Output Capacitance cob pf 
<Ven'=' 10 Vdc, IE= O, f =JOO kc) - 25 

Input Capacitance ctb pf 
(VOB = 0.5 Vdc, le= o, f = 100 kc) - 100 

Curn.>nt-Gain - Bandwidth Product fr me 
(le= 50 mAdc, VCE = 10 Vdc, f = 100 me) 2N3244 175 -

W3245 150 -
Dela)' Time td nsec 

(IC= 500 mA, 1e1 = 50 mA - 15 

HiSl' Time v08 = 2 v, vcc= 30 v) t 
r 

nsec 
2N3244 - 35 
2N3245 - 40 

Storage Time t nsec 
2N3244 s - 140 

(IC = 500 mA, V CC = 30 V 2N3245 120 

Fall Time 1e1 = 182 = 50 mA) tf n1ec 
(Vee= 30 V) - 45 

Total Control Charge ~ nC 

(IC 500 mA, 18 = 50 mA, vcc = 30 Vl 2N3244 - H 
2N3245 - 12 

• Puls(' TPsl PW· 300 1.isrc-. D.Jty Cycle 2'l 
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--Motorola High-Frequency Transistors -

2N3244, 2N3245 (Continued) 

MINIMUM CURRENT GAIN CHARACTERISTICS 

200 1000 
le, COLLECTOR CURRENT (mAdc) 

COLLECTOR-EMITTER SATURATION VOLTAGE CHARACTERISTICS 

1.0 10 200 
I,, BASE CURRENT (mA) 

i?l" i.• T 
~ t--t-1-+-HC--t-+--t--t--tt-t-t--+-t-t-+--tt--+--t--+--tt-+-+-+-t-+ 2~3245 -

~ 1.2 I TJ=25°C -

~ ~ 1.0 :=:::::::=:-l-+5o_m_•:==~::~--+++1-tl5-0 -lmA_-++-:1-++-++---_-_-_+l-I ...... :I_..5+-00-mA--- +-+ -_ ---+-! ---_ ++::sJ=:~~7to.50+m-iA~~~~~;--~ i 0.8 t--t-1-+-HC--++--t--t--+~ll+--+-+-+1-++---+--h..t-~~--t-+-+-t-t-i-iC---..,-+--t 
- 0.6 1-+-+-+++--++-+---+-+-'k~-+-H-++---+--+---+r--:P-.~t-:-+-t-+++---+---i 
~ !'-,. ~ 
i o.• t=H=tt+=~~~t-....s;::~+:t:ttttt==$~~;;;;;;~=t=t=t+~+==t~ 1Ji 0.2 ._._._.. ........ ..__..__.. __ ..__.___.__._.. ............. __ .._ ....... _ _.._ ....... _.__.._._ ............... _ _..___, 

0.5 1.0 2.0 5.0 10 20 50 100 200 
11, BASE CURRENT (mA) 

MAXIMUM SATURATION VOLTAGES 
TYPICAL SWITCHING TIMES 

1.6 t-+--T;,;:1;o -+--+---+-l:;!.1t:i""""'J.!'.rt-HH t, ·= 30V •.. 2V p, JO r, 25°C 
1 .. -1 • r-+-- T, = 25°c _,....... 

~ 1.2 H-++-H--+==-'.-"'-t-+-+-++++il 
"" i---+- JI 

180 

160 

140 

120 

100 

80 

60 

~ p, 30 ..§;-
p. 20 

P• 20 

:I p. 30H 
~ ~ g o.s Hf-++l+-+-t--t--,2..,N3-24+5--+,.f';if£H 

~ 
2N3244 

o._..._.__._._._ _ _.__..__.__.__.._...._._.._.. 
50 100 200 500 1000 

le, COLLECTOR CURRENT {mA) 
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100 

p. 10 :::s ::s 
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..Jl ..... 

~~-
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200 300 400 600 800 
le, COLLECTOR CURRENT CmAI 
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--Motorola High-Frequency Transistors --

2N3248 
2N3249 

~ Vceo=12V ll!!lJ fr= 250-300 Mc 

PNP silicon annular transistors for low-level, high
speed switching applications. 

CASE 22 
(T0-18) 

MAXIMUM RATINGS 

Characteristics 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Total Device Dissipation 
@ 25°c Ambient Temperature 

Derate above 25°C 

Total Device Dissipation 
@' 25oc Case Temperature 

Derate above 25°c 

Operating Junction Temperature 

Storage Temperature Range 

TYPICAL SWITCHING TIME 

IJ: 

le, COLLECTOR CURRENT (mA) 

Symbol 

VCBO 

VCEO 

VEBO 

PD 

PD 

TJ 

Tstg 

8-148 

Rating Unit 

15 Vdc 

12 Vdc 

5 Vdc 

0.36 Watt 
2.06 mW/°C 

1.2 watts 
6.9 mw/0 c 

200 QC 

-65 to +200 oc 

le, COLLECTOR CURRENT (mA) 



--Motorola High-Frequency Transistors --

2N3248, 2N3249 (Continued) 

ELECTRICAL CHARACTERISTICS (at 2s 0 c unless otherwise specified) 

Characteristics Srmbol Min Max Unit 

Collector-Cutoff Current ICEX µAde 
(VcE ' 10 Vdc. v08 , l Vdc) - .05 
(~ 10 Vdc. v08 = I Vdc. T..A. = l00°C) - 5 

Base Cutoff Current 1BL nAdc 
(V CJ;;_ - 10 Vdc. VOB = I Vdc) - 50 

Collector-Base Breakdown Voltage BVCBO Vdc 
Oc 10 it Ade. 1£ 0) 15 -

Collector-Enutter Breakdown Voltage• BY CEO • Vdc 
Oc 10 mAdc. la 0) 12 -

Emitter-Base Breakdown Voltage BY EBO Vdc 
(1£ = 10 1tAdc.1c = 0) 5 -

Collector Saturation VoltaKe YcE(sat) Vdc 
tic = 10 mAdc. 18 = l mAdc) - 0.125 
tic 50 mAdc. 18 = 5 mAdc) - 0.25 
Ile 100 mAdr. Ia = 10 mAdcj 2N3249 - 0.4 

2N3248 - 0.45 

Base-Emitter Saturation Voltage VBE(sat) Vdc 
Uc 10 mAdc. la, I mAdc) 0.6 0.9 
tic 50 mAdc. I~ = 5 mAdc) - l.l 
Oc 100 mAdc. B = 10 mAdc) 0. 7 1.3 

DC Current Gain• hFE• -
<Ic - 0.1 mAdc. YcE l Vdc) 2N3248 50 -

2N3249 100 -
<Ic 1.0 mAdc. YcE - l Vdc) 2N3248 50 -

2N3249 100 -
tic 10 mAdc. VcE l Vdc) 2N3248 50 150 

2N3249 100 300 

(IC 50 mAdc. VcE = l Vdc) 2N3248 35 -
2N3249 75 -

lie I?O mAdc. YcE = l Vdc) 2N3248 25 -
2N3249 35 -

Output Capacitance cob pf 
(VcE = 10 Vdc. IE = o. f 100 ke) - 8 

Input Capacitance Cib pf 
(VBE = 1 Vdc. Ic = o. f = 100 kc) - 8 

Current-Gain - Bandwidth Product fT me 
Uc = 20 mAde. VcE 10 Vdc. f = 100 me) 2N3248 250 -

2N3249 300 -
Total Control Charge QT pC 

(1c; = 10 mA, la 0.25 mA, Y...i;;.i;;_ = 3 V) - 150 

Delay Time le = 100 mA, 18 = 10 mA, v 08 = 0.5 V, td - 5 nsec 

Rise Time Vee - lo v tr - 15 nsec 

Storage Time ~ = 100 mA, 181 = 1a2 = 10 mA, t - 60 nsec 
s 

Fall Time cc = 10 v t., - 20 nsec 

Turn-On Time le = 10 mA. Ia1 = I mA, YOB= 0.5 V, Vee= 3 v ton - 90 nsec 

Turn-Off Time le = 10 mA, la1 ,'' Ia2 = 1 mA, Vee= 3 v torr - 100 nsec 

*Pulse Test: PW 300 11sec. Duty Cycle 2% 
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--Motorola High-Frequency Transistors --

2N3248, 2N3249 (Continued) 

j 

MINIMUM CURRENT GAIN 

l--+--1-----1--+--l--+-+-H-+--+--+- T, = 125oc +--+-+-1--l-l--+--+--+-+-2N3248 
t====:t==F====l===!==F=l==l'=!=l='l====l'==f==="!===!'==l==l=*'1=l=P.~.j..,:::-+---+-+-vcE=IV "";-... 

50 T, = 25°C "'h. 
l------+----+--+--+--+-+++++--+-+--1)= -1°c l--l--W---1-+----1--+N-~'d+-l----+--W---l-l 
t---+-+--+-+--+-1-H-++~l--+~-'l-""1--1-+-H++---L--i--.. ~ 

le, COLLECTOR CURRENT (mA) 

200~-~-,...-~-~---~~-~--~-~-------~-~-----~ 

1-----t-+---+--l---+--+-+-+-+-+----+-l--''L12Lc-+-.__.-+-+-l----l----+--l----+-1"1J 
Ve<= l V 

,,1=,:i: N 
zlOO~=t=+===t==1==1:t:t:ttt==::t=t==:i:::i-::t:t:tttt==:l:'.':t;;::fb..._~"'t:::t=ttit1 
~ T ,...,__ 
z 1---1----+----+-+---+---+-+-+--+--l---+----+--TJ=-l5°CJ--"-+--+-'-'-----+--+----+-----+~-""'"-+--+-U I ~ 
j50l----l---l---l--l--+--+--+-+++---+--+--l--+-4-l---l-l-l-+----l---l--+t-----4---+'>....+-+~~~~~ 

T, = -55°C 1'\.... I~ 

1"' 
Yoo 

y, 

-o 

--1 ~ 300 nsec 
DUTY CYCLE= 2% 

le, COLLECTOR CURRENT (mA) 

Too and To11 TEST CIRCUIT 

,~"' 
~t, f+-

10 < t, < 500 ,u.sec 
OUTY CYCLE= 2% 

1, Yoo '· mA volts ohms 

10 3 10 K 
100 10 1 K 

R, 
ohms 

285 
95 

Cs1,,,.,1* Yoo 
pf volts 
4 +o.s 

12 +0.5 
•Total shunt capacitance of tesl jig and connectors. 
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-- Motorola High-Frequency Transistors --

2N3250, A 
2N3251, A 

V CEO = 40-60 V 
le =200mA 
fr = 250-300 Mc 

CASE 22 
(T0-18) 

PNP silicon annular transistors for high-speed 
switching and amplifier applications. 

MAXIMUM RATINGS 

Characteristic Symbol Ratin1 Unit 

2N3250 2N3250A 
2N3251 2N3251A ---

Collector-Base Voltage VCBO 50 60 Vdc 
-----

Collector-Emitter Voltage VcEo 40 60 Vdc 
---- -----

Emitter-Base Voltage VEBO 5 Vdc 

Collector Current le 200 mAdc 

Total Device Dissipation 
1. 2 Watts 

@ 25°C Case Temperature PD 6. 9 mW'/°C Derating Factor Above 25°C 

Total Device Dissipation 
0.36 Watts @ 25°C Ambient Temperature Po 2.06 mW/°C Derating Factor Above 25°C 

Junction Operating Temperature TJ 200 oc 

Storage Temperature Range Tstg -65 to +200 oc 

Thermal Resistance OJA 0. 49 0 c/mw 
BJC 0. 15 0 c/mW 
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-- Motorola High-Frequency Transistors --

2N3250, A, 2N3251, A (Continued) 

ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

Collector Cutoff Current 
1CEX (VCE = 40 Vdc, VOB = 3 Vdc) -- 20 nAdt 

Base Cutoff Current 
1sL (VCE = 40 Vdc, VOB = 3 Vdc) -- 50 nAdc 

Collector-Base Breakdown Voltage 2N3250, 2N3251 SVCBO 50 -- Vdc (IC = 10 µAde) 2N3250A, 2N3251A 60 

Collector-Emitter Breakdown Voltage* 2N3250, 2N3251 BVCEO * 40 Vdc (IC = 10 mAdc) 2N3250A, 2N3251A 60 
--

Emitter-Base Breakdown Voltage 
BVEBO 5 -- Vdc 

(IE = !OµAdc) 

Collector Saturation Voltage * 
(IC = 10 mAdc, 1s = I mAdc) 

V CE(sat) 
* 

-- 0. 25 
Vdc 

(IC = 50 mAdc, 18 = 5 mAdc) -- 0. 5 

Base-Emitter Saturation Voltage* 
(le = 10 mAdc, 1s = 1 mAdc) 

VBE(sat) * o. 6 0. 9 
Vdc 

(le= 50 mAdc, IB = 5 mAdc) -- 1. 2 

DC Forward Current Transfer Ratio* 
(IC = 0. I mAdc, V CE = 1 Vdc) 2N3250, 2N3250A 40 --

2N3251, 2N3251A 80 --
(IC = 1 mAdc, V CE = 1 Vdc) 2N3250, 2N3250A 45 --

2N3251, 2N3251A 
hFE * 90 --

(IC = IO mAdc, V CE = 1 Vdc) 2N3250, 2N3250A 50 150 --
2N3251, 2N3251A 100 300 

(IC = SQ mAdc, V CE= 1 Vdc) 2N3250, 2N3250A 15 --
2N3251, 2N3251A 30 --

Output Capacitance 
cob -- 6 pf • (V CB = 10 Vdc, IE = 0, f = 100 kc) . 

I 
Input Capacitance 

c1b -- 8 pf 
(VOB = 1 Vdc, le= 0, f = 100 kc) 

Current-Gain - Bandwidth Product 2N3250, 2N3250A r.,. 250 -- me (IC = 10 mAdc, V CE = 20 Vdc, f = 100 me) 2N3251, 2N3251A 300 --

Small Slfnal Characteristics Symbol Min Max Unit 

Small Signal Current Gain 2N3250, 2N3250A 
hfe 50 200 --(IC = 1. 0 mA, VCE = 10 V, f = 1 kc) 2N3251, 2N3251A 100 400 

Voltage Feedback Ratio 2N3250, 2N3250A h -- 10 Xl0-4 (IC = 1. 0 mA, VCE = 10 V, f = 1 kc) 2N3251, 2N3251A re -- 20 
Input Impedance 2N3250, 2N3250A h. 1 6 kohms (IC= 1. 0 mA, VCE = 10 V, f = 1 kc) 2N3251, 2N3251A ie 2 12 

Output Admittance 2N3250, 2N3250A 
hoe 

4 40 µmhos (IC= 1. 0 mA, VCE = 10 V, f = 1 kc) 2N3251, 2N3251A 10 60 

Collector-Base Time Constant 
r'bCC -- 250 psec (IC= 10 mA, VCE = 20 V) 

Noise Figure 
NF 6 db (IC = 100 µA, V CE = 5 V, Rg = 1 k11, f = 100 cps) --

•Pulse Test: PW= 300 µsec, l>Jty Cycle = 2% V OB = Base Emitter Reverse Bias 
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--Motorola High-Frequency Transistors --

2N3250, A, 2N3251, A (Continued) 

SWITCHING CHARACTERISTICSCAt 2s•c unless otherwise noted) 

~ 

~ 

~ 

~ 
= 

Characteristic Symbol Max Unit 

Delay Time td 35 nsec 
(V CC = 3 Vdc, V OB = O. 5 Vdc 

le = 10 mAdc, !Bl = 1 mA) 

Rise Time t 
r 35 nsec 

Storage Time 
(!Bl = IB2 = 1 mAdc l 2N3250, 2N3250A 

ts 
175 

n::;ec 
2N3251, 2N3251A 200 

vcc = 3V) 
Fall Time ti 50 nsec 

NORMALIZED CURRENT GAIN CHARACTERISTICS 
2.0 

T, 125"C 
i-... 

10 

05 

T, L ~ 
J".... 

I ~ 
TJ :55°C 

~ 

~ 1 r--. 
~ 

NORMALIZED Ai le = 10 mA, VcE :;::::; 1 V 1 
TYPICAL hH = 74 - 2N3250 

0.2 
l r- 2r 1 

0.1 02 0.5 JO 20 10 20 50 
le. COLLECTOR CURRENT lmAI 

CHARGE DATA TYPICAL SWITCHING TIMES 

-- Vee - 10 V+-+-t-t-H+---+-+-+--+-rz"' 

H-=-v~~ ~ ~~ 1-+-+-+-t+t--+-+--+ ....... __, 

500 t--+- Tj 2s 0 c -+-+-+-t+t--+-+,Lj~,,.IZ:-+__, 

~ 
200 J--+--t--t-t7''51-fl-l--t--t--t-t-i 
~ 

100 1--t--t---f--f-+-+++++---t--+---f--f-i 

./ 
50 l--+-+--+--+-l-+-+-H+--+-L----+v~--1-'1 

20 1:.-l - t--t· H 
1 10 20 50 

le, COLLECTOR CURRENT lmAl 

TJ 25'·C 
le 10181 10111 

Vee JV "h 200 ,._-+-'°lf---f--f-+++++<+---+--t---+--+--1 

~~ 
100 ~ 

10 20 50 
le, COLLECTOR CURRENT (mA) 

8-153 

I 



I 

--Motorola High-Frequency Transistors --

2N3250, A, 2N3251, A (Continued) 

AUDIO SMALL SIGNAL CHARACTERISTICS 

NOISE FIGURE VARIATIONS 
10.--~--r--r-r-r--.---,.--,-,--,---.-r-r-.,....,..., 

f=IKC l_ ~ 
t-1, ~ is·c-+-t-H-+--t-++t---tif/f--11-+J J'H 
t- VcE -"' 6 V +-+-l-t--+---t-+-+-+---11---llhfft-t-i 

~ le~ Lo"'LJ V 

T.., -2S C 
VcE =6V 

~ 
~ SOURCE RESISTANCE =4.3K 

~ le= l011A 

~ 

"" ......... 
SOlE RESISTANCE =JG K 

lc=lOO,.A H 

o~~~~~~~~~~~~~~~~ ... 
100 200 400 !KC 2KC 4KC lOKC 20KC 40KC IOOKC 100 200 400 lK 2K 4K !OK 20K 40K IOOK 

I, FREQUENCYICYCLESI R9 . SOURCE RESISTANCE /OHMS! 

h PARAMETER$_. . __ 

CURRENT GAIN 
400 

(VCE = 10 V, TA = 25"C, f = ~~ 
---200-« ·- OUTPUT ADMITTANCE 

200 

100 

80 

60 

50 

40 

1--"1 v 
P'" 

OJ 0.2 

~ 
..}--1'1 

2,J,50.~2~ 
to-1--

0.5 LO 2.0 
le, COLLECTOR CURRENT tmAdcl 

INPUT IMPEDANCE 

5.0 10 

50 CS ~ 2N3251,2N3251A I ' +--+--+--+-+-+~N++l-+-'~~~+-+-+-+-1~ 
J 2.0 t--+-+-t-2Nt-3-;25_0, t-2Nt-32H50AH~~"k-+---tN--tb.J_.,.,r++ti 

~~ 

o.5 t::t:l:::t:O:O:!tt:::j::!:::j::!jjJ$1l 
OJ 0.2 0.5 1.0 2.0 5.0 10 

le, COUECTOR CURRENT lmAdcl 

I 
3 

.J 

\ 
.J 

100 

50 

20 

10 

5.0 

2.0 

LO 

50 

20 

10 

5.0 

2.0 

lZ 

~ 
0.1 

L I.!": 
2N3?.51.2N3251A 

""" IZ 
!-"' 2N3250,2N3250A 

-z-
.LI 

0.2 0.5 1.0 2.0 
le. COLLECTOR CURRENT (rnA} 

VOLTAGE FEEDBACK RATIO 

~ 

~ 
t"-.. I~ 
~ N 
~ N1 N3251,2N3251A 

"""'l 

2N32502N32~ i..... 
IIT ....., 

0.1 0.2 0.5 l.O 2.0 
le, COLLECTOR CURRENT tmAdcl 

k'. 

5.0 

t-.. 

5.0 

SATURAT.ION VOLTAGES versus COLLECTOR CURRENT TEMPERATURE COEFFICIENTS 
LO 

.~~lo I-' t- ,J ~ 25°c-+-f-+++-+++--+-+1 ..,....-:::P-"H 
o.s 1-++-f-H+f-t1tv .... 1't·:,:.:....::'':+....--+-H 

0.4 1--+-+--+-+-+-+-t+IH---t--t-+--t-i 

VcE [••') L,...-H 
0·2 l:::ti:j:±t;t~:;;;;;jH'"j=ti 

10 20 50 

le, COLLECTOR CURRENT !mA) le. COLLECTOR CURRENT tmAl 
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-- Motorola High-Frequency Transistors --

2N3252 
2N3253 

V CEO = 30-50 V 
le= 1 A 

2N3444 
f1 = 175-200 Mc 

\ NPN silicon annular transistors for high-current 
saturated switching and core driver applications. 

CASE 31 
(T0-5) 

MAXIMUM RATINGS 

Characteristics 

Collector-Base Voltage 

Symbol 

Vcao 

Types 

2N3252 2N3253 2N3444 

60 75 80 

--- --- ---- ----
Collector-Emitter Voltage VcEO 30 40 50 

---
Emitter-Base Voltage VEBO 5 

---
Total Device Dissipation Po 

25°c Case Temperature 5 
Derate above 25oc 28.6 

---

Total Device D1ss1patlon Po 
2s0c Ambient Temperature 1.0 

Derate above 25°C 5.71 

---
Jwiction Operating Temperature Range TJ ~ -65 to +200 ~ 

---
Storage Temperature Range Tstg ,.....,__ -65 to +200 --+-

---
Ii Jc 35 

Thermal Resistance: 
()JA 0.175 

SWITCHING CHARACTERISTICS 

Characteristics Symbol Min 

Output Capacitance cob 
(Vea= 10 Vdc, IE = 0, f = 100 kc) -

Input Capacitance cib 
(V EB = 0.5 Vdc, le = 0, f = 100 kc) -

Current Gain-Bandwidth Proci.ict f T 
(le = 50 mAdc, v CE = 10 Vdc, f = 100 me) 2N3252 200 

2N32 53, 2N3444 175 

Total Control Charge** QT 
(le = 500 mAdc, 181 = 50 mAdc, V CC = 30 V) -

Delay Time 1c = 500 mAdc, 1iJ1 = 50 mAdc td -

Rise Time Vee= 3ov,v08 = 2v 2N3252 tr -
2N3253, 2N3444 -

Storage Time le = 500 mAdc, 181 = 1B2 = 50 mAdc ts -
Fall Time Vee= 3ov tr -

B-155 

Unit 

Vdc 

----
Vdc 

----
Vdc 

----

Watts 
mW/OC 

----

Watt 
mw/0 c 

----
oC 

----
QC 

----
0 c/w 

°C/mW 

Max Unit 

pf 
12 

pf 
80 

me 
-
-

nC 
5 

15 nsec 

30 nsec 
35 

40 nsec 

30 nsec 

I 



--Motorola High-Frequency Transistors --

2N3252, 2N3253, 2N3444 (Continued) 

ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 

Characteristics Symbol Min Max Unit 

Collector Cutoff Current 'cBO 
µAde 

(VcB = 40 Vdc, IE = O) 2N3252 - 0.50 

(VcB = 40 Vdc, IE = 0, TA = 100°C) 2N3252 75.0 

(VCB = 60 Vdc, IE = 0) 2N3253, 2N3444 0.50 

(VcB = 60 Vdc, IE = 0, TA= 100°C) 2N3253, 2N3444 75.0 

Emitter Cutoff Current 1EBO 
µAde 

(VcB = 4 Vdc, le = 0) - 0.05 

Collector Cutoff Current 1CEX µAde 
(VcE = 40 Vdc, VoB = 4 Vdc) 2N3252 - 0.5 

(VcE = 60 Vdc, Vc>B = 4 Vdc) 2N3253, 2N3444, - 0.5 

Base Cutoff Current 1BL µAde 
(VCE = 40 Vdc, VoB = 4 Vdc) 2N3252 - 0.50 

(VcE = 60 Vdc, VoB = 4 Vdc) 2N3253, 2N3444 - 0.50 

Collector-Base Breakdown Voltage BVcBo Vdc 
(Ic = 10 µAde, lE = 0) 2N3252 60 -

2N3253 75 -
2N3444 80 -

Collector-Emitter Breakdown Voltage• BVCEO . Vdc 
(le = 10 mAdc, pulsed, IB = O) 2N3252 30 -

2N3253 40 -
2N3444 50 -

Emitter-Base Break.down Voltage BVEBO Vdc 
(IE = 10 µAde, le = 0) 5 -

I 
Collector Saturation Voltage • VcE (sat)• Vdc 

(le = 150 mAdc, IB = 15 mAdc) 2N3252 - 0.3 
2N3253, 2N3444 - 0.35 

<le= 500 mAdc, IB = 50 mAdc) 2N3252 - 0.5 
2N3253, 2N3444 - 0.60 

(le = 1.0 Ade, IB = 100 mAdc) 2N3252 - 1.0 
2N3253, 2N3444 - 1.2 

Base-Emitter Saturation Voltage• VBE (sat)* Vdc 
Uc = 150 mAdc, IB = 15 mAdc) - 1.0 

(le = 500 mAdc, IB = 50 mAdc) 0.7 1.3 

(le = 1.0 Ade, IB = 100 mAdc) - 1.8 

DC Forward Current Transfer Ratio• hFE* -
(le = 150 mAdc, v CE = I Vdc) 2N3252 30 -

2N3253 25 -
2N3444 20 -

(le= 500 mAdc, VcE = 1 Vdc) 2N3252 30 90 
2N3253 25 75 
2N3444 20 60 

(le = 1 Ade, VcE = 5 Vdc) 2N3252 25 -
2N3253 20 -
2N3444 15 -

• Pulse Test: Pulse width = 300 µsec, duty cycle = 2% 
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--Motorola High-Frequency Transistors --

2N3252, 2N3253, 2N3444 (Continued) 

z 
~ 
z 

~ 

1!i 
" z 

" ~· 

70 ~-~---------M_IN_IM_U_M_C_U_R_RE_N_T_GA_IN~CH_A_RA_C_T_ER~IS_T_IC_S __ ~---~~-~-

5L-~.l---l~...J........L~L-~~~....J..~~.....L~~-"-~...l.-~~-'-~~"-~"-.....I.~-'-....&..-' 

50 60 70 BO 90 100 200 300 400 500 600 700 800 900 1000 

10 .----.------,,--.-----,-.------,-'-"''·c..:'.:..:oL=l'-=-''.;:o'c.:'..c"'c..:":.."-c' i'--m'-'-'----.---.----,----,--T~~-T~ 

50 l==f==t-=9=+-+-~~=-+--====J:,.---d::::-+---+----l-----l---+l 2N3253 --1 
TJ-125°C ~-1 - --Vc0 =1V 

5 
50 60 70 80 90 100 200 300 400 500 600 700 800 900 1000 

IC, COLLECTOR CURRENT (mA) 
70 ::r 
50 1----1-----+-+--+--+------11----1----+---+----+------+--+--+-2J.IN3444 _ 

VcE - 1 V 

T, 12s 0 c 
30 

T, 2s 0 c 
20 

T, - 15°C 

TJ = -55°C 

10 

51-~..l-~J.........J..--lL-.1-~~~.....L~~--lL-~..J...~..J...~~.....L~~-"-~-1-~L-..J...--L--1 
50 60 70 80 90 100 200 300 400 500 600 700 800 900 1000 

le, COLLECTOR CURRENT (mA) 

TYPICAL STORAPE TIME VARIATIONS 
100 co::r::a::=::r::=r=:::r:=c:ca::n 

- --12s0 c 
10 ~...J...L...l..."----1..--1.--1"--..__ 1.1.....J....L..L.J.j 

50 70 100 200 300 500 700 1000 

le, COLLECTOR CURRENT (mA) 

1.8 ~--,-~.:;ll""M"-'IT,,_S .:;:DFc.:S::::Ac;..:TU:.::R:.::AT:.::10;.:;Nc.:V.:;Ol::..:T:.:.;AG;:=E::,.S ~mjl 

1.6 1--1-1-++-I- ~~ J 10 +--+--+--+-+--!--+~ 
TJ=25°C y 

1.4 .____.___.__.__,_,__---1-i _,____.._____._-l-1.£.l-...__._. 

i 1.2 H-+-+++--'--+--t--::;, ~..ii.....-"'-lv-++--H-J 
MAXV•E!••~ 

~ i.o l--l-++-l-11-"-=--ili-::+=---l--t-H-l--+1 ..o1-J..,~ 
~ i...+;rv 
Oz o.s H-+-+1+=4---l---l,-__..-b,.i..-11.A:::,i..1 ~q,tt-l 

MIN v,.,,.,1 _...,.--- 1 I ·-t" y I 

~ 0.6 ~-l-.+-l~==l=::::J:::::.j_-+-~!LJ~LLJ4-W_.j 
!;;; MAXV"''"' 2NJ53-2N3444 ~ 
~ o.4 1~Tm~E:E;~~nn 0.2 E I MAXV" ''"' 2N3252 

o ................... ...._~_,___.~__...__..._...._..._ ....... _._. 
50 70 100 200 300 500 700 1000 

le, COLLECTOR CURRENT (mA) 
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--Motorola High-Frequency Transistors --

2N3279 thru 2N3282 00 Vcao=30V 
G0 = 16-17 db@ 200 Mc 
NF = 3.5-5 db @ 200 Mc 

PNP germanium epitaxial mesa transistors for high
gain, low-noise amplifier, oscillator, mixer and fre
quency multiplier applications. 

CASE 22 
(T0-18) 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Emitter."Base Voltage 

Collector Current 

Total Device Dissipation 

Symbol 

VCBO 

VCES 

VCEO 

VEBO 

Ic 

Rating Ratin1 
2N3279 2N3281 
2N3280 2N3282 

30 30 

30 30 

20 15 

1. 0 0.5 

50 50 

100 100 
(25°C Ambient Temperature) 

PD 

Derate above 25°C 1.33 1.33 

Junction Temperature Tj +100 +100 

Storage Temperature Tstg -65 to +100 · -65 to +100 

ELECTRICAL CHARACTERISTICS (At 2s 0 c unless otherwise noted) 

Characteristic Symbol Test ConaltiOns Min 

Collector-Base BVceo le. 100 µAde, IE= 0 
Breakdown Voltage All Types 30 

Collector-Emitter BVcEs le= 100 µAde, YES. 0 
Breakdown Voltage All Types 30 

Collector-Emitter BVCEO 1c = 2.0 mAdc, le = o 
Breakdown Voltage 2N3279, 2N3280 20 

2N3281, 2N3282 15 
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Unit 

Volts 

Volts 

Volts 

Volts 

mA 

mW 

mW/°C 

•c 

•c 

Typ Max Unit 

Vdc - -
Vdc 

- -
Vdc 

- -- -



--Motorola High-Frequency Transistors --

2N3279 thru 2N3282 (Continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic Sym Min 

Collector Cutoff Current Icao Vea= 10 Vdc, IE = 0 
All Types -

Vea= 10 Vdc, IE = 0, TA = +55°C 
2N3279, 2N3280 --

Emitter Cutoff Current 1EBO VEB = 0.75 Vdc, Ic = 0 
2N3279, 2N3280 -

VEB = o.5 Vdc, Ic = o 
2N3281, 2N3282 -

DC Forward Current hFE VcE = 10 Vdc, 1c = 3 mAdc 
Transfer Ratio 2N3279, 2N3280 10 

2N3281, 2N3282 10 

Collector-Emitter VcE (sat) Ic = 5 mAdc, IB = 1.0 mAdc 
Saturation Voltage 2N3279, 2N3280 -

2N3281, 2N3282 -
Base-Emitter VBE (sat) Ic = 5 mAdc. 18 = 1.0 mAdc 

Saturation Voltage 2N3279, 2N3280 -
2N3281, 2N3282 -

Small Signal Forward 
Current Transfer Ratio hfe VcE = 10 Vdc, 1c = 3 mAdc, f = 1 kc 

2N3279, 2N3280 10 
2N3281, 2N3282 10 

Collector-Base cob Yes= 10 Vdc, IE s O, fa 100 kc (Note 1) 
Capacitance 2N3279 -

2N3280 thru 2N3282 -
Collector-Base Time rb' Cc VCB = 10 Vdc, Ic = 3 mAdc, f = 31.8 me 

Constant 2N3279, 2N3280 3 
2N3281, 2N3282 3 

Current Gain - Bandwidth fT VCE = 10 Vdc, le = 3 mAdc 
Product 2N3279, 2N3280 400 

2N3281, 2N3282 300 

Maximum Frequency 1max = 10 Vdc, 1c = 3 mAdc 

Typ 

1 

-

-
-

--

--

--

--

0.9 
1.0 

5 
5 

500 
400 

VCE 
of Oscillation All Types - 2000 

Power Gain Ge VcE = 10 Vdc, le = 3 mAdc, f = 200 me 
2N3279, 2N3280 17 
2N3281, 2N3282 16 

Noise Figure NF VcE = 10 Vdc, 1c = 3 mAdc, f = 200 me 
2N3279, 2N3280 -
2N3281, 2N3282 -

Power Gain (AGC) Ge VcE = 5 Vdc, ~ = 20 mAdc, f = 200 me 
(Note 2 2N3279, 2N3281 -
(Note 2) 2N3280, 2N3282 -

Note 1. Cob Is measured in a guarded circuit euch that the can capacitance Is not Included. 
Note 2. AGC is obtained by increasing le· The circuit remains adjusted for V CE = 10 Vdc 

and 1c = 3 mAdc operation. 
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--
2.9 
4.0 

-
0 

Max Unit 

µAde 
5 

50 

µAde 
100 

100 

-
70 
100 

Vdc 
0.3 
0.5 

Vdc 
1.0 
1.5 

100 -
150 

pf 
1.0 
1.2 

psec 
10 
15 

800 me 
800 I 

me 

-

db 
23 
23 

db 
3.5 
5.0 

db 
0 

-



I 

--Motorola High-Frequency Transistors --

2N3279 thru 2N3282 (Continued) 

POWER GAIN AND NOISE FIGURE versus COLLECTOR CURRENT 
2DDmc 

25 

~20!-:;;~~~f::::;t;:;::~-:;J----J~ 
~ 151---'--t-+---t--"l...,-+"...F~b'-+-=i 

; 10 
!< 

50 

40 

30 

20 

NEUTRALIZED POWER GAIN AND NOISE FIGURE versus 
FREQUENCY 

COMMON EMITTER VcE = 10 V, le =3 mA 

-~ 
~ 
~ 

!'-. 
"""-. VI 

~ .L.. 

20 
16 

12 

- G, / ~ 
t:i 5 t--+--t-+---t---t--i..o~..-: 

10 

le, COLLECTOR CURRENT {mA) 

2N3283 thru 2N3286 

0 
10 

NF 

20 
N 

""" 0 
40 60 100 200 400 600 1000 2000 

f, FREQUENCY (me) 

V CBO = 20·25 V 
Ge= 14-16 db@ 200 Mc 
NF = 4-5 db @ 200 Mc 

CASE 22 
(T0-18) 

PNP germanium epitaxial mesa transistors for TV 
and FM, RF and IF amplifier, oscillator and general 
purpose high-gain, low-noise amplifier applications. 

MAXIMUM RATINGS 

Characteristic Symbol 2N3283 2N3285 Unit 2N3284 2N3286 

Collector-Base Voltage VCBO 25 20 Volts 

Collector-Emitter Voltage VcEs 25 20 Volts 

Emitter-Base Voltage VEB 0.5 0.5 Volt 

Collector Current 1c 50 50 mA 

Total Device Dissipation 
at TA = 25°c Po 100 100 mW 

Derate above 25°c 1.33 1.33 mw/0c 

Junction Temperature TJ +100 +100 OC 

Storage Temperature Range Tstg --65 to +100- De 
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--Motorola High-Frequency Transistors --

2N3283 thru 2N3286 (Continued) 

ELECTRICAL CHARACTERISTICS (At 2s•c unless otherwise noted) 

Charaellrlstlc Symbol 

Collector-Emittet BVCES 
Breakdown Voltage 

Collector Cutoff Current Iceo 
Emitter Cutoff Current !EBO 

DC Forward Current hFE 
Transfer Raito 

AC Current Gain hie 

Output Capacitance cob 

AC Current Gain hie 

Collector-Base rb'Cc 
Time Constant 

Maximum Frequency 
of Oscillation 1max 

2N3283 

Power Gain Ge 

Noise Figure NF 

Power Gain (AGC) Ge 

2N3284 

Power Gain Ge 

Noise Figure NF 

Power Gain (AGC) Ge 

2N3285 

Power OUtput pout 

2N3286 
Power Gain 

Noise Figure NF 

Tnt Conditions 

Ic = 100 µAde, VBE = 0 
2N3283, 2N3284 
2N3285, 2N3286 

Vee = 10 Vdc, IE = 0 

VEB = 0.5 Vdc, le = o 

VcE = 10 Vdc, Jc = 3 mAdc 2N3283, 2N3284 
2N3265, 2.N3286 

VcE = 10 Vdc, 1c = 3 mAdc, 2N3263, 2N3284 

r = 1 kc 2N3285, 2N3286 

V CB = 10 Vdc, IE = 0, f = 100 kc Note 1 

VcE = 10Vdc,1c = 3 mAdc, f = 100 me 

Vee = 10 Vdc, Ic = 3 mAdc, 

r = 31.8 me 

VCE = 10 Vdc, le= 3 mAdc 

VcE = 10 Vdc, le= 3 mAdc 
f=200mc 

Circuit Fig. 1 - Note 2 
VCE = 5 Vdc, 1c = 20 mAdc, f = 200 me 

VcE = 10 Vdc, le= 3 mAdc 
f=200mc 

VcE = 5 Vdc, 'c = 20 mAdc, f = 200 me 

VEE= +12. Vdc, r = 257 me 

VcE = 10 Vdc, le = 3 mAdc 
f=200mc 

Min 

25 
20 

-
-
10 
5 

10 
5 

-
2.5 

-

-

16 

-
-

16 

-
-

14 

l~ote 1. Cob is measured in a guarded circuit such Uiat the can capacitance is not included. 

TJP Mu Unit 

Vdc 
30 -
25 -

2.0 10 µAde 

- 100 µAde 

30 - -
15 - -

- 200 -
- 200 

1.0 1.5 pf 

4.0 6.0 -
10 25 psec 

2000 - me 

20 23 db 

4 5 db 

- 0 db 

20 23 db 

5 6 db 

0 - db 

db 

db 

Note 2. AGC is obtained by increasing le· The circuit remains adjusted for VcE = 10 Vdc and Ic = 3 mAdc operaUon. 
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--Motorola High-Frequency Transistors --

2N3283 thru 2N3286 (Continued) 

NEUTRALIZED POWER GAIN AND 

50 

40 

z 
~JO 

~ 
~ 20 
d 

IO 

---

- '· 
NF 

NOISE FIGURE versus FREQUENCY 
COMMON EMITTER Vc1 :::: IO V le:;;;: 3 mA 

~ rs; 
bj 

::::::::J 
IS L 

/ ~ 
1'-

20 

IS 

:::::s: 
IO 20 40 60 100 200 400 600 1000 2000 -5L-....L~.!...--L~-'-.....J~....L.~J.--:';:~4;:---!'. 

10 12 14 16 18 20 

f, FREQUENCY (me) le, COLLECTOR CURRENT (mA) 

200 MC POWER GAIN ANO NOISE FIGURE TEST CIRCUIT 

IN 

5DOr. Rg 
470 

NOTES' 
L·l 1/4 inch inside diameter, 1h inch length, 4 turns #20 solid copper wire, 

center tapped. 
T-1 1/4 inch inside diameter, close wound, 3 turns #26 solid copper wire.1:1 

ratio bi-filler wound. 
• High Quality piston type capacitor. 

SHIELD 
I 
I 
I 
I 

CN 

,7.9• 

.001µ1 

L·l 

Distance from emitter contact of transistor to ground side of bypass capaci
tor should be kept minimum I, -Vee 

257 MC OSCILLATOR POWER OUTPUT TEST CIRCUIT 

8 Ko 

.OOlµI 'I' 

L, - 4 TURNS OF # 22 NYKLAD WIRE SPACED FOR 257 MC. COIL FORM 7 /32" CENTER 
RFC -24 TURNS #30 NYKLAD WIRE CLOSE WOUND 
ALL CAPACITORS ARE CERAMIC TYPE 
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3.0 pf 

1000 
POWER 

DETECTOR 

L, 

RFC 

OUT 
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.,,.. RL 



--Motorola High-Frequency Transistors --

2N3287 thru 2N329Q V CBO = 30·40 V 
Ge= 17 db @ 200 Mc 
NF= 6-7 db @ 200 Mc 

NPN silicon annular transistors for high-gain, low
noise amplifier, oscillator, mixer and frequency mul
tiplier applications. 

CASE 22 
(T0-18) 

MAXIMUM RATINGS 

Characteristic 

Collector - Base Voltage 

Collector - Emitter Voltage 

Collector - Emitter Voltage 

Emitter - Base Voltage 

Collector Current 

Power Dissipation at 25°C Case 

- -- -

Above 25°C derate 1. 71 mW/°C 

Power Dissipation at 25° C amb. 
Above 25°C deratel.14 mW/°C 

Junction Temperature 

Storage Temperature 

Symbol 

VCBO 

VCES 

VCEO 

VEBO 

IC 

Pc 

Po 

Tj 

Tstg 

2N3287 2N3289 
2N3288 2N3290 

40 30 

40 30 

20 15 

3.0 3.0 

50 50 

300 300 

200 200 

+200 +200 

-65 to +200 -65 to +200 

200 MC TEST CIRCUIT: POWER GAIN, NOISE FIGURE, & AGC 

R9 =50!l 

Unit 

Volts 

Volts 

Volts 

Volts 

mA 

mW 

mW 

oc 

oc 

R, =SO!l 

L1..S turns of #16 tinned wire;%" JD; Air wound; winding length JA"; 
Vee feeds tap 41'4 turns from collector end; output tap 31/2 turns 
from collector end. 

Ti -3. turns primary and secondary Btfilar wound (close wound) on 1/4" 
ceramic form (cambion type) with brass slug. #22 enameled wire. 

PrGeneral Radio 874 G6 Pad (6 dbl 
P2-General Radio 874 G6 Pad (6 dbl 
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--Motorola High-Frequency Transistors --

2N3287 thru 2N3290 (Continued) 

ELECTRICAL CHARACTERISTICS (At 25°C Ambient unless otherwise noted) 

lllncllrillll: $Jl*ll , ...... .. 
"" 

.. 11111 

Colleetor-Bue Breakl:lowb Yobp evcao le • 10 11Adc, lg • 0 Vdc 

::__m:::::: .. .. 
Collector-Emitter Breakdown Voltap &Vess le • 10 ,..Mc, v8 g • ·o Vdc 

IN318T, INH88 .. 
ZNSZ89 2NS290 .. 

Collector-Emitter Breakdown Voltqe BVCEO le • z.o mMc, 18 .. o Vdc 
IN3187, INS288 .. 
2N3189, IJQ290 15 

Emitter-Bue Brealrdown Voltage eveeo lg • 10 "Ade· le • 0 3.0 Vdc 

Collector cutCa Current 'ceo Yee • 15 Vele All Typoo .010 ..... 
Vee • 15 Vdc, T = J&O°c 2N328'1, 2N3288 3.0 

PC Forward CUrrent Tranllfer Ratio hF£ VcE • 10 Vdc, Jc "' Z mAdc 
IN3181, 2N3188 15 100 
JN3289, ZN3zt0 10 , .. 

Collector-Emitter saturation Voltap VcE{8at) le .. 5 mAdc, Jn • 0.5 mAdc Vdc 
2N3287. 2N3J88 0.3 
2N32B9, l!D290 0.4 

Bue•lmlttel' 8aturatkm. Voltl.p Va£ (nt) Jc • 5 mAdc, 18 • 0.5 mAdc Vdc 
2N328'1, IN3288 o.o 
ZN3288, 2!f3280 1.0 . :::::::' 

AC CUrrent Gain ... Yes= lOVdc,'c .. ·~.f .. lice 
2N8281, 2N3288 15 , .. 
2N3281, IN3290 10 ... 

Output Capacltaace c .. Vee • 10 vc1c, Iz • o, t "' 0.1 me (Note ~m T .. 
0.9 1.1 

2Iq288 thru INl290 1.z 1.5 

Colteetm--Bue Time Coutant rb'Ce Yee ., 10 Vele, Jc = z mAdc, t •at.a m~m, IN38IB i .... 
" 2N3289, 2lf3290 .. 

Current Qaln - Baodwidtb Product fT Yes= 10Vdc,Jc:• Zn:aAdc I me 
2N328T. 2N3288 ... 

~ 2N3289, 2N3290 ... 
~: .. ~-t----;-1 llaxlmum Frequency of Oac.illation -- !l;&_ = 10 Vdcc!!;_ • Z mAdc 

Power Gain a. Yes= lOVde,Ic • 2m~,f = ZOOmcAll,.,,.e. ! 17 .. 
Notae Figure NF v CE • 10 Vdc, Ic " z mAdc, f = zoo me 2N328'1, 2N3288 ... e.o 

2N32BI, 2N32t0 6.0 7.0 

Power Gain (AOC) a. v CE = S.O Vdc, le • zo blAdc, f = zoo me 
JIN3211'1 0 
JIN3280 .. 
2N3288, IN3290 

Note 1, c 0b ta meuured in guarded circuit auch that tbe can capacitance la not included. 

Note 2. AGC is obtained by lnereasing le· The circuit remain• adjusted for Veg • 10 Vdc, le = 2 mAdc operation. 

NEUTRALIZED POWER GAIN AND 
NOISE FIGURE versus FREQUENCY 

POWER GAIN AND NOISE FIGURE 
versus COLLECTOR CURRENT 

50 Ya - 10 Vdc, le - 2 mAdc 20 

.... 

~ 
I 

~ T~!-f------i 
G, 

40 

~ 
z 30 
~ 

'""' 
V'I 

1'-... v 
v ~ 

I 20 

~· 
10 -G, 

-NF 

dh 

db 

dh 

~ 0 0 
10 20 40 60 100 200 400 600 1000 2000 4000 

f, FREQUEftCY (me) 

oo!"-~~~---:~~~,....~~-,-.~-,.,...--,8~~20 

le, COllECTOR CURRENT (mA) 
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--Motorola High-Frequency Transistors --

2N3291 thru 2N3294 @ Vcso=20-25V 
G. = 14-16 db @ 200 Mc 
NF = 8 db @ 200 Mc 

NPN silicon annular transistor for TV and FM mixer, 
RF and IF amplifier and general-purpose, low-noise, 
high-gain amplifier applications. 

CASE 22 
(T0-18) 

MAXIMUM RATINGS 

Characteristic 

Collector - Base Voltage 

Collector - Emitter Voltage 

Emitter - Base Voltage 

Collector Current 

Power Dissipation at 25°c Case 
Above 25°c derate 1. 71 mw/0 c 

Power Dissipation at 25°c Amb. 
Above 25°C derate 1.14 mw/0 c 

Junction Temperature 

Storage Temperature 

NEUTRALIZED POWER GAIN 
AND NOISE FIGURE versus FREQUENCY 

Symbol 

VCBO 

VcEs 

VEBO 

1c 
Pc 

Po 

TJ 

Tstg 

50 Vai::;;: 10 Vdc, le - 2 mAdc 20 

4() 

~ 30 
~ 
ffi 
~ 20 

J 

10 

I", 

~ 
~ 
~ G. 

cs: 
v 

1 

1.!-t--

~ 
IX" 
~ 

l'h cs;:: 
0 0 

10 20 40 60 100 200 400 600 1000 2000 4000 
~REQUENCY IN MEGACYCLES 
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2N3291 2N3293 
Unit 2N3292 2N3294 

25 20 Volts 

25 20 Volts 

3.0 3.0 Volts 

50 50 mA 

300 300 mW 

200 200 mW 

+200 +200 Oc 

- -65 to +200 - oc 

POWER GAIN AND NOISE FIGURE versus COLLECTOR CURRENT 

12 

-G. 

-NF 

0 ~0~~~-!-"--~~10'--~12.,,._~14-..,1~s~1s'--~2; 
le, COLLECTOR CURRENT (mA) 

I 



-- Motorola High-Frequency Transistors --

2N3291 thru 2N3294 (Continued) 

ELECTRICAL CHARACTERISTICS TA= 25°C unless otherwise noted 

Cunictlrlsttc s,.bel TntC11dltll1s Ml1 1,, M11 Unit 

Collector-Emitter BYCES le = 25 µAde, YBE = 0 Ydc 
BreakdoWQ'Yoltage 2N3291, 2N3292 25 35 -

2N3293, 2N3294 20 30 -
Collector Cutoa Current leso Yes = 10 Ydc, IE = 0 - .01 0.1 µAde 

Emitter Cutoff Current !EBO YEB = 0.5 Ydc, le = 0 - - 100 µAde 

DC Forward Current hFE YcE = 10 Ydc, lc = 2 mAdc 10 - - -
Transfer Ratio 

AC Current Gain hte YcE = 10 Ydc, Ic = 2 mAdc, f = I kc 10 - 200 -

Output Capacitance cob Yes = 10 Ydc, IE = o, f = 100 kc, Note I - 1.0 2.0 pf 

AC Current Gain lhfel YcE = 10 Ydc, 1c = 2 mAdc 
f = 100 me 

2.5 6.0 12 -

Collector-Base Time rbcc Y CB = 10 ·Ydc, le = 2 mAdc - 15 30 psec 
Constant f = 31.8 me 

Maximum Frequency fmax YcE = 10 Ydc.1c = 2mA - lzooo - me 
of Oscillation 

2N3291 
Power Gain Ge 16 20 24 db 

YcE = 10 Ydc.1c = 2 mAdc, 
Noise Figure NF f=200mc - 6 8 db 

Power Gain (AGC) Ge Note 2 - - 0 db 

YcE = 5 Ydc, le = 20 mAdc 

I 
f=200mc 

2N3292 

Power Gain Ge 16 20 24 ~b 
YcE = 10 Ydc. le = 2 mAdc 

Noise Figure NF f=200mc - 7 9 ictJ> 

Power Gain (AGC) Ge Note 2 
YcE = 5 Ydc, 1c =. 20 mAdc 

- 0 - db 

f=200mc 

2N3293 

Power Output Pout 
jycE~ = -11 Ydc, r = 

2 - - mW 
257 me 

2N3294 

Power Gain Ge 14 - - db 

YcE = 10 Ydc, 1c = Z mAdc 
Noise Figure NF f = 200 me - 7 - db 

Note I. C0 b Is measured In guarded circuit such that the can capacitance la not Included. 

Note 2. AGC Is obtained by Increasing le· The circuit remains adjusted for YcE = 10 Ydc, le = 2 mAdc operation. 
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-- Motorola High-Frequency Transistors --

2N3295 
GPE= 17db@30McTyp 
Po = 0.3 W PEP @ 30 Mc 
Im = 32 db @ 30 Mc 

NPN silicon annular Star transistor for linear am
plifier applications from 2 to 100 Mc. 

CASE 31 
(T0-5) 

MAXIMUM RATINGS (Note} 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current (Continuous) 

Base Current (Continuous) 

Total Device Dissipation 
(25°C Case Temperature) 

Derate above 2 5 ° C 

Total Device Dissipation 
(25°C Ambient Temperature) 

Derate above 25°C 

Junction Temperature Range 

Storage Temperature Range 

Symbol Rating 

VCBO 60 

VCES 60 

VEBO 5 

Ic 250 

IB 50 

PC 
2 

13.3 

PD 
0.8 

5.33 

TJ -65 to 175 

T 
stg -65 to 175 

Note The maximum ratings as given for DC conditions can be exceeded on a 
pulse basis. See Electrical Characteristics. 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

Watts 
mW/°C 

Watts 
mW/°C 

oc 

oc 



-- Motorola High-Frequency Transistors --

2N3295 (Continued) 

ELECTRICAL CHARACTERISTICS (At 2s•c unless otherwise noted) 

Characteristic Symbol 

Collector-Emitter Current 1CES 

Collector Cutoff Current 1CBO 

Emitter Cutoff Current 1EBO 

DC Current Gain hFE 

Collector-Emitter VCE(sat) 
Saturation Voltage 

Base-Emitter VBE{sat) 
Saturation Voltage 

Collector-Emitter v .. 
CES(sus) 

Sustain Voltage 

Collector-Emitter Open VCEO(sus) 
Base Sustain Voltage 

AC Current Gain I hre I 

Collector Output cob 
Capacitance 

Power Input (PEP) (Note 1) P. m 

Power Gain G 
e 

Intermodulation I 
m 

Distortion Ratio 

Efficiency T/ 

* Pulse= 100 µsec, Duty Cycle = 2% 
Note 1. PEP. Peak Envelope Power 

* 

Conditions 

V CE= 60Vdc, VBE = 0 

V CE= 50Vdc, VBE = 0, 

Tc=175°C 

VCB = 50Vdc, IE = 0 

v EB = 5 Vdc, le = 0 

IC= lOmAdc, 

VCE ;= lOVdc 

IC = 150mAdc, 

VCE = lOVdc* 

IC = 150mAdc, 

IB = 15mAdc 

IC = 150mAdc, 

IB = 15mAdc 

IC = lOOmA, RsE = 0 

le = lOOmA, IB = 0 

VCE = lOVdc, 

le= lOmAdc, f=50mc 

VCB = lOVdc, IE= 0, 

f = lOOkc 

Pout = O. 3 Watts PEP 
(0.15 W rms) 

f = 30mc, V CE = 15. OVdc 

IC(ma.x) = 40 mA 
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Min 

--

--

--
--

20 

20 

--

--
30 

20 

4.0 

--
--
14 

30 

25 

Typ Max Unit 

-~ 100 µAde 

-- 500 µAde 

-- 0.1 µAde 

-- 100 µAde 

-- 60 --

-- -- --
Vdc 

-- 0.5 

-- 2.0 Vdc 

-- -- Volts 

-- -- Volts 

--
-- --

pf 

-- 8 

-- 12 mW 

17 -- db 

32 -- db 

30 -- % 



-- Motorola High-Frequency Transistors --

2N3295 (Continued) 

SAFE OPERATING AREA POWER OUTPUT versus FREQUENCY 
500 

400 

i 
~ 300 
8 

I 200 

~ 
Ji 

100 

~ 0 5;;EC ~ilSE JioTH 
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--Motorola High-Frequency Transistors --

2N3296 
GPE = 19 db @ 30 Mc Typ 
P 0 = 3 W PEP @ 30 MC 
Im= 35 db@30Mc Typ 

NPN silicon annular transistor for linear amplifier 
applications from 2 to 100 Mc. 

MAXIMUM RATINGS (Note 1) 

Characteristic Symbol Rating Unit 

Collector-Base Voltage VCBO 60 Vdc 

Collector-Emitter Voltage VCES 60 Vdc 

Emitter-Base Voltage VEB 3.0 Vdc 

Collector Current (Continuous) Ic 700 mAdc 

Base Current (Continuous) IB 100 mAdc 

RF Input Power (Note 2) P. 1. 0 Watt (PEP) m 

RF Output Po~r (Note 2) p 
out 5.0 Watts (PEP) 

Total Device Dissipation Pc 
(25°C Case Temperature) 6.0 Watts 
Derating Factor above 25°C 40 mW/°C 

Total Device Dissipation at PD 
(25°C Ambient Temperature} 0.7 Watts 
Derating Factor above 25°C 4.67 mW/°C 

Junction Temperature TJ 175 oc 

Storage Temperature Range Tstg -65 to +175 oc 

Note 1: The maximum ratings as given for DC conditions can be exceeded on a 
pulse basis. See Electrical Characteristics. 

Note 2: PEP= Peak Envelope Power. 
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--Motorola High-Frequency Transistors --

2N3296 (Continued) 

ELECTRICAL CHARACTERISTICS 

Characteristic Symbol Conditions Min Typ Max Unit 

Collector- Emitter Sustain --V CEs(sus)-.- TC = ll.21JOA, RBE = 0 85 120 -- Volts 
'Voltage 

Collector Emitter-Open --V CEO(sus) IC = 0. 200A, IB = O 40 -- -- Volts 
Base Sustain Voltage 

-V CE - tiUVdc. --VBE = 0 -- -- 100 
Collector-Emitter Current ICES VCE = 50Vdc, VBE = 0 -- -- 500 µAde 

TC= +175'C 

Collector-Cutoff Current 1CBO V CB - 50 Vdc, IE - 0 -- -- o. 1 µAde 

Emitter-Cutoff Current 1 EBO VEB JVOC, JC - 0 -- -- 100 µAde 

DC Current Gain hFE 
V CE = 2. OVdc. 

IC ='40mAdc 5.0 -- 50 --
V CE = 2. OVdc, 

IC= 400mAdc 5.0 -- -- --

Collector- Emitter VCE(sat) IC ~ 400mAdc, Vdc 
Saturation Voltage JB = 80mAdc -- -- 0.5 

Emitter-Base --V BE( sat) !Tc - 4UUmAOc, Vdc 
Saturauon Voltage IB = 80mAdc -- -- 2.0 

AC Current Gain Ilfe V CE - i. UVdc. --
IC= 40mAdc,f = 50mc 2.0 -- --

Collector Output cob VCB - 25Vdc, IE = 0, pf 
Capacitance f = lOOkc -- -- 20 

Power Input (PEP) Pin -- -- 75 mW 

Power Gain u Pout = 3. 0 Watts (PEP) 16 19 -- db e (1. 5 W rms) 

Intermodulation I 30 35 -- db m V CE = 30 Volts, f = 30mc Distortion Ratio 

Efficiency T/ 
IC(max) = 125mA 

40 48 -- % 

*Pulse Test. Pulse Width = 100 µsec. Duty Cycle= 2%. 
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--Motorola High-Frequency Transistors --

2N3296 (Continued) 

SAFE OPERATING AREA POWER OUTPUT versus FREQUENCY 
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--Motorola High-Frequency Transistors --

2N3297 
GPE= 13 db@ 30McTyp 
P 0 = 12 W PEP @ 30 Mc 
Im= 33 db@ 30 McTyp 

CASE~ NPN silicon annular transistor for linear amplifier 
applications for 2 to 100 Mc. 

(T0-3) 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Collector-Base Voltage VCBO 60 Vdc 

Collector-Emitter Voltage VCES 60 Vdc 

Emitter-Base Voltage VEB 3 Vdc 

Collector Current (Continuous) IC 1. 5 Ade 

Base-Current (Continuous) IB 500 mAdc 

Power Input (PEP) P. 5.0 Watts (PEP) m 

Power Output (PEP) p 
out 20.0 Watts (PEP} 

Total Device Dissipation PD 
@ 25°C Case Temperature 25.0 Watts 

Derating Factor above 25°C 167 mW/°C 

Junction Temperature TJ 175 oc 

Storage Temperature Range T stg -65 to +175 oc 

Note : The m.a.ximum ratings as given for DC conditions can be exceeded on a pulse basts. See electrical charactertstlc1 
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-- Motorola High-Frequency Transistors --

2N3297 (Continued) 

ELECTRICAL CHARACTERISTICS (At 25'C Ambient unless otherwise noted) 

Characteristic Symbol Conditions 

Collector-Emitter 
Sustain Voltage 

v • 
CES(sus) IC= 0. 250A, RBE = 0 

Collector Emitter-Open v * CEO(sus) IC = 0. 250A, IB = 0 
Base Sustain Voltage 

Collector-Emitter ICES 
V CE= 60Vdc, VBE = 0 

Current V CE= 50Vdc, VBE = 0, 

Tc=+175°C 

Collector-Cutoff Current ICBO V CB= 50Vdc, IE= 0 

Emitter-Cutoff Current IEBO VEB ~ 3Vdc, IC= 0 

IC = 400mAdc, 

DC Current Gain hFE VCE = 2Vdc 

IC= lAdc, VCE = 2Vdc 

Collector-Emitter V CE(sat) IC= lAdc, IB = 500mAdc 
Saturation Voltage 

Emitter-Base VBE(sat) IC= I Ade, IB = 500mAdc 
Saturation Voltage 

AC Current Gain I hfe I V CE= 2Vdc, 

IC= 400mAdc, f = 50mc 

Collector Output cob V CE= 25Vdc, IE= 0, 
Capacitance 

f = lOOkc 

Power Input (PEP) P. 
in 

Note 2 

Power Gain G 
Pout = 12 Watts, PEP 

e (6. OW rms) 

Intermodulation I V CE= 30 Volts, f = 30mc m 
Distortion Ratio IC(max) = 0. 50 Amp 

Efficiency T/ 

* Pulse Test: Pulse Width = 100 µsec, Duty Cycle = 2 % 
Note 2. PEP. Peak Envelope Power 
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--Motorola High-Frequency Transistors --

2N3297 (Continued) 
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--Motorola High-Frequency Transistors --

2N3298 VcEs = 25 V 
P0 = 60-100 mW@ 80 Mc 

CASE 22 
(T0-18) 

NPN silicon annular transistor for power oscillator 
applications to 150 Mc. 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Collector-Base Voltage VCBO 25 Vdc 

Collector-Emitter Voltage VCES 25 Vdc 

Emitter-Base Voltage VEBO 3.0 Vdc 

Collector Current IC 100 mA 

Total Device Dissipation Pc 
(25°C Case Temperature) 1. 0 Watt 
Derate Above 25°C 6.67 mW/°C 

Total Device Dissipation PD 
(25°C Ambient Temperature) o. 3 Watt 
Derate Above 25°C 2mW/°C 2 mW/°C 

Junction Temperature TJ +175 oc 
Storage Temperature Range Ts~ -65 to +175 oc 

80 MC OSCILLATOR POWER OUTPUT TEST CIRCUIT 

2.7K 

201! 

2N3298 

RFC 
3.9µ.h 

-12V <.>-------~vv...-----~ 
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--Motorola High-Frequency Transistors --

2N3298 (Continued) 

ELECTRICAL CHARACTERISTICS (At 25°C Ambient unless otherwise noted) 

Characteristic Symbol 

Collector-Emitter BVCES 
Breakdown Voltage 

Collector-Emitter Open BV * 
Base Sustaining Voltage CEO(sus) 

Collector Cutoff Current 1CBO 

Emitter Cutofi Current 1EBO 

DC Current Gain hFE 

( AC Current Ga.in I hre I 
[ Collector Output Capacitance cob 

Power Output p-
out 

Efficiency ~ 

*Pulse Widtb = 300 µsec, Duty Cycle= 2% 

NORMALIZED DC CURRENT GAIN 

versus AMBIENT TEMPERATURE 

I 

Conditions Min Typ Max 

IC =25µAdc, VBE=O 25 35 -

Ic=lOmA, Is= 0 15 24 -
vc8 =10Vde, IE=O - 0. 01 0. 5 

v cs=!O Vdc, IE=O, TA=l50°C - 10 50 

V EB=3 Vdc, IC= 0 - - 10 

V CE= 1 Vdc, le= 10 mAde 60 90 120 

vcE= 10 Vdc, le= lOmAdc, f= 100mc 2 - -
vcs= 10 Vde, IE=O, f= 100 kc - 5 6 

60 - 100 
!=BO me 

vcc=12 Vdc 

IC(max) = 20 mA 25 40 -

fr versus COLLECTOR CURRENT 

Unit 

Vdc 

Vdc 

µAde 

µAde 

-

-

pl 

mW 

% 

,.1---+-1---+--V+--+---l--+-+-+-I 

J $ 1001--t~-t--~+---i~-+~+---ir--t~+----1 

0.6 .L 
_ 75 -so -2s o +2s +so +75 +100 +12s+1w +11s 

T~,AM8100 TEMPt:llATUltE {"(:) t,., COLLECTOR CURRENT (mAdc) 
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- Motorola High-Frequency Transistors --

2N3307 
2N3308 

~ Gpe= 17db@200Mc 
~ NF=5-6db@200McTyp 

CASE22 \ (T0-18) . 

PNP silicon annular transistors for high-gain, low
noise amplifier, oscillator, mixer and frequency mul
tiplier applications. 

MAXIMUM RATINGS 

Characteristics Symbol 

Collector-Base Voltage VCBO 

Collector-Emitter Voltage VCES 

Collector-Emitter Voltage VCEO 

Emitter-Base Voltage VEBO 

Collector Current Ic 
Power Dissipation at TC = 25°C PC 

Above 25°C derate 

Power Dissipation at TA= 25°C PD 
Above 25°C derate 

Junction Temperature l 
storage Temperature Tstg 

COMMON EMITTER AVERAGE SMALL POWER GAIN 

& NOISE FIGURE versus COLLECTOR CURRENT 

VcE= -IO Vdc 
f- 200mc 

-- TUNEOATlc -2mAdcONLY. 
-- TUNED AT fACH TEST CURRENT 

25 r---t---+-+--+----<--+--+--t---+---< 

le, COlLECTOR CURRENT !mAdcJ 
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Rating 
Unit 

2N3307 2N3308 
40 30 Vdc 

40 30 Vdc 

35 25 Vdc 

3.0 Vdc 

50 mAdc 

300 mW 

1. 71 mW/°C 

200 mW 

1.14 mW/°C 

200 oc 

-65 to +200 oc 

NOISE FIGURE versus FREQUENCY 

H--. I I 
/lt1t-~H=tf$=t=t Ve, =-15Vd<-1 

VcL -::::-5Vdc 

~~o-~30-'----'50'-'-~,o,...ww10~0--'---~20-o-300..__~500 

f, FREQUENCY (me) 



- Motorola High-Frequency Transistors --

2N3307, 2N3308 (Continued) 

ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 

Characteristics Symbol Test Conditions Min Typ Max Unit 
Collector-Base Breakdown Voltage BVCBO le"' -10 µAde, IE'" 0 Vdo 

2N3307 -40 
2N3308 -30 

Collector-Emitter Breakdown Voltage BVCES le"' -10 µAde, VBE = 0 Vdo 
2N3307 -40 
2N3308 -30 

Collector-Emitter Breakdown Voltage BVCEO le= -2.0 mAdc, la= o Vdo 
2N3307 -35 
2N3308 -25 

Emitter-Base Breakdown Voltage BVEBO IE = -10 µAde, le = 0 Both Types -3.0 Vdo 

Collector Cutoff Current 1CBO Vee= -15 Vdc Both Types -0.001 -0.010 µAde 

VCB = -15 Vdc, T"' 150 "C 2N3307 -0.5 -3.0 

DC Current Gain ••• V CE = -10 Vdc, le "' -2 mAdc 
2N3307 40 250 
2N3308 25 250 

Collector-Emitter Saturation Voltage VCfilo>Jl_ le = -3 mAdc, IB = -0. 6 mAdc Both Types -0.4 Vdo 

Base-Emitter Saturation Voltage 
VBE!>al) IC = -3 mAdc, 18 = -0. 6 mAdc Both Types -1.0 Vdo 

AC Current Gain •,. VCE = -10 Vdc, le= -2 mAdc, f = 1 kc 
2N3307 40 250 
2N3306 25 250 

Output Capacitance cob v CB = -10 Vdc, IE = o, l = 0.1 me pf 
2N330'l 1. 0 1. 3 
2N3306 1. 2 1.6 

Collector -Base Time Constant ' 'C V CB = -10 Vdc, le = -2 mAdc, l "' 31. 8 me psec 
b ' 2N3307 15 

2N3306 20 

Current Gain-Bandwidth Product fr V CE = -10 Vdc, le = -2 mAdc, f "' 100 me Both Types 300 1200 

Maximum Frequency of Osc1llahon f max v CE = -10 Vdc, le = -2 mAdc Both Types I - I 2000 I -
Power Gain Ge V CE "' -10 Vdc, IC = -2 mAdc, f "'200 me Both Types 17 24 db 

Noise Figure NF V CE = -10 Vdc, le = -2 mAdc, f "'200 me db 
2N3307 4.0 4. 5 
2N3306 5,0 6.0 

Power Gain (AGC) G, V CE"' -5. 0 Vdc, le= -20 mAdc, f = 200 me db 
2N3307 
2N3306 

Note 1. C0b is measured in guarded circuit such that the can capacitance is not included, 

Note 2. AGC is obtained by increasing le· The circuit remains adjusted for v CE = -10 Vdc, le = -2 mAdc operation. 

I 
SMALL SIGNAL CURRENT GAIN versus FREQUENCY MAXIMUM AVAILABLE GAIN versus FREQUENCY 

VcE~-10 Vde VcE= -10 Vde 

~ 
40 

~ 
~ 30 

~ ,. 
ii 20. 
l! ,. 
~ 

10 

02~0~--',-~~~7-~=--~~..,.,..~~l'--I~~!:::.-:: 
30 50 70 100 200 300 500 

0 
20 

I, FREQUENCY !me! f, FREQUENCY (me) 
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--Motorola High-Frequency Transistors --

2N3309 Gpe = 8 db @ 250 Mc Typ 
P0 =2W@250Mc 

NPN silicon annular transistor for power amplifier 
and driver applications to 500 Mc. 

CASE 31 
(T0-5) 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current (Continuous) 

Base Current (Continuous) 

RF Input Power (Nom) 

RF Output Power (Nom) 

Total Device Dissipation 
(25'C Case temperature) 
(Derating Factor above 25'C) 

Total Device Dissipation at 
25' Ambient 
(Derating Factor above 25'C) 

Junction Temperature 

Storage Temperature Range 

NOTE: 

Symbol 

VCBO 

VCES 

VEB 

IC 

IB 

P. 
m 

p 
out 

PC 

PD 

TJ 

Tstg 

Rating Unit 

50 Vdc 

50 Vdc 

3.0 Vdc 

0.5 Ade 

0.1 Ade 

0.5 Watt 

2. 5 Watts 

3. 5 Watts 

23. 3 mW/'C 

1.0 Watt 

6.67 mW/'C 

175 'C 

-65 to+l75 'C 

The maximum ratings as given for DC conditions can be exceeded on a pulse basis. See Electrical 
Characteristics. 

' 

~ 
~·I---+---+-~...+--+---+--~ . 
It. 
d" 

POWER GAIN versus POWER INPUT (250 me) 

3..._~ ...... ~~ ..... ~--~~ ...... ~--~--..1 
0 100 200 300 400 500 600 

P,., Power Input {mW) 

POWER OUTPUT versus 
COLLECTOR EMITIER VOLTAGE (250 me) 

• 21------+-----7""'----..,, 

~ 
! 1.5 1------:Y'---=""""+----. 

i 
J lb-"'":::;;..,.C'---t:.--"""'---+-----~ 

.5 t:=-===k=======t:.~ .. =::50~m=W=J 
P, 0 = 25 mW 

15 20 25 
VCh Collector-Emitter Voltage (Volts) 
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--Motorola High-Frequency Transistors --

2N3309 (Continued) 

ELECTRICAL CHARACTERISTICS (At 25'C unless otherwise noted) 

Characteristics 
Collector-Emitter Sustain Voltage 

Collector Emitter-Open Base 
Suatam Voltage 

Collector-Emitter Current 

Collector-Cutoff Current 

Emitter-Cutoff Current 

DC.: Current Gain 

Collector-Emitter Saturation 
Voltage 

Emitte~-Base Saturation Voltage 

AC Current Gain 

Collector Output Capacitance 

Power Output0 

Power Gain 

Efficiency 

• Pulse Width = 100 "sec, Duty Cycle = 2% 

Sy"!bOI 
v • 

CES(sus ) 

v • 
CEO(sua ) 

'ceo 

'.eo 

VCE(sat) 

VBE{sat) 

I "r. I 

p •• ... 
o, 

Test Condition 

VCE "50 Vdc, VBE = 0 

VCE = 25Vdc, VBE = 0 

TC= +150"C 

VCB = 25 Vdc, ~ = 0 

VEB=3Vdc, 1c"O 

1c" 30 mAdc, 

VCE = 2.0Vdc 

re "250 mAdc, 

VCE" 2.0Vdc 

IC = 2si:. mAdc, 1e " 65 mAdc 

le = 250 mAdc, 1e = 65 mAdc 

VCE = 15 Vdc 

le " 30 mAdc, f " 100 me 

vce = 15 Vdc, ~ = o, 

f" lOOkc 

Pin= 400mW max, f = 250 nic 

V CE = 25 Vdc, \::(max)= 160 roA 

•• In functtoral test, Pout Is fixed at 2.0 watts and Pin Is monltored to be 400 mW maximum. 

Min Typ 
60 75 

30 

0.01 

8.0 

2.0 

.. 80 

Max 

100 

500 

0. 5 

100 

100 

0.5 

2.0 

10 

POWER versus FREQUENCY OUTPUT CHARACTERISTICS (250 me) 
3.0 ~-----r---~---.---r--r--. 

Ve, '-'- 25 Vdc 

15 It-----....-+---- Tc .. - 25°C 

Unit 
Vi>lts 

VGlts 

µAdo 

it Ade 

µAde 

µAde 

Vdo 

Vdo 

Watts 

db 

% 

1.0 70 100 

~ " .. .s 
~ 1.5 60 ~ 1s j 

" i 0 

i . 0 

LO so8 50~ 
J I 

I 

0.5 40 15 

o'-----'---_...._ __ _._ __ _...._ __ ~30 
0 100 200 300 400 500 

f, Frequency (me) P;., Power Input (mW) 
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--Motorola High-Frequency Transistors --

2N3309A GPE= 7.4 db@ 250 Mc 
P0 = 2.2 W@250Mc 

NPN silicon annular transistor for power amplifier 
and driver applications to 500 Mc. 

CASE 24 

ABSOLUTE MAXIMUM RATINGS (Note) 

Characteristic Symbol Rating Unit 

Collector-Base Voltage VCBO 60 Vdc 

Collector -Emitter Voltage VCES 60 Vdc 

Emitter-Base Voltage VEBO 4 Vdc 

Collector Current (Continuous) IC 0.5 Ade 

Base Current (Continuous) IB 0.1 Ade 

RF Input Power (N om) P. 0. 5 Watt 
m 

RF Output Power (Norn) p 
out 2. 5 Watts 

Total Device Dissipation 
(25cc Case Temperature) Pc 5 Watts 
(Derating Factor Above 25 C) 28. 6 mW/ C 

Total Device Dissipation at 
25c Ambient PD l. 0 watt 
(Derating Factor Above 25 C) 5. 7 mW/ C 

Junction Temperature TJ 200 c 

Storage Temperature Range Tstg -65 to +200 c 

Note: The maximum ratings as given for DC conditions can be exceeded on a 
pulse basis. See Electrical Characteristics. 
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-- Motorola High-Frequency Transistors --

2N3309A (Continued) 

ELECTRICAL CHARACTERISTICS (at 25°C ambient temperature unless otherwise noted) 

Characteristic Symbol TEST CONDITIONS Min Typ Max Unit 

Collector-Emitter Sustain Voltage v • 
CES(sus ) le = 50mA, RBE = 0 60 -- - - Volts 

Collector Emitter-Open Base v • le - lOOmA, IB = 0 30 - - -- Volts 
Sustain Voltage 

CEO(sus ) 

Collector-Emitter Current 1CES V CE= 50 Vdc, VBE = 0 - - -- 100 µAde 

VCE = 25 Vdc, VBE = 0 -- - - 500 µAde 

TC= +15o·c 

Collector-Cutoff Current 1CBO V CB= 25 Vdc, IE = 0 -- -- 0.5 µAde 

Emitter-Cutoff Current 1EBO VEB = 4 Vdc, IC= 0 -- - - 100 µAde 

DC Current Gain hFE IC= 50 mAdc, 8 - - 80 --

vcE=2.0Vdc 

IC = 250 mAdc, 8 - - -- --

VCE = 2.0 Vdc 

Collector-Emitter Saturation VCE(sat) IC = 250 mAdc, IB = 50 mAdc -- -- 0. 5 Vdc 
Voltage 

Emitter-Base Saturation Voltage V BE(sat) IC = 250 mAdc, IB = 50 mAdc - - -- 1. 2 Vdc 

AC Current Gain lhre I VCE = 15 Vdc 3 - - -- --
I 

IC= 30 mAdc, f = 100 me 

Collector Output Capacitance cob VCB = 15 Vdc, IE = 0, -- - - 6 pf 

f = 100 kc 

Power Output p 
out 2. 2 -- - - !watts 

TEST CffiCU!T 

Power Gain Ge 
Pin= 400 mW max, f = 250 me 7. 4 -- - - db 
V CE= 25 Vdc, IC( max)= 176 mA 

Efficiency ry 50 -- -- % 

•Pulse Width= 100 µsec, Duty Cycle = 2% 
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--Motorola High-Frequency Transistors --

2N3323 
2N3324 

Vcao=35 V 
Ge = 11 db @ 100 Mc 

2N3325\ 

CASE 22 
(T0-18) 

PNP germanium epitaxial transistors for FM RF, 
IF, mixer and oscillator and AM RF, IF and converter 
applications. 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Collector-Base Voltage VCBO 35 Volts 

Collector-Emitter Voltage VCES 35 Volts 

Emitter-Base Voltage VEBO 3.0 Volts 

Collector Current IC 100 mA 

Total Device Dissipation Pc 
25°C Case Temperature 300 mW 

De rate Above 25 ° C 4 mW/°C 

Total Device Dissipation PD 
25°C Ambient Temperature 150 mW 

De rate Above 25 ° C 2 mW/°C 

Junction Temperature TJ +100 oc 

Storage Temperature Range T stg -65 to +100 oc 

• rs: 
~ JJllilL 

35 70 

30 60 

25 
JI.. G. INEUTRAllZEDI 

50 

20 "· 40 
POWER GAIN AND AC CURRENT GAIN versus FREQUENCY 

15 :-..., 30 

I..._, -\ I--t-Y~E= IOVdc 
lc•"3~ ~ a ~ l'r-. 

JO 20 

JO 

1.0 2.0 4.0 6.0 10 20 40 60 100 200 400 600 1000 
f, FREQUENCY (me) 
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-- Motorola High-Frequency Transistors --

2N3323 thru 2N3325 (Continued) 

ELECTRICAL CHARACTERISTICS (At 25'C Ambient unless otherwise noted) 

Characteristic Sym Conditions Min Typ Max Unit 

Collector-Emitter BVCER le = 100 µAde, 35 40 -- Vdc 
Breakdown Voltage ~E = lOK 

Collector-Emitter 1CES VCE = 35 Vdc, -- -- 100 µAde 
Current 

VBE = 0 

Collector Cutoff Current 1CBO VCB = 10 Vdc, -- 0.5 10 µAde 
IE= 0 

Emitter Cutoff Current 1EBO VEB = 2 Vdc, -- -- 100 uAdc 

IC= 0 

DC Current Gain hFE V CE= 10 Vdc, 30 -- 200 --
IC= 3 mAdc 

AC Current Gain hf e 
VCE = 10 Vdc, 

30 -- 225 --IC= 3 mAdc 

f = 1 kc 

Current-Gain - fT 
IVcE = 10 Vctc, 

200 -- 600 me 
J3andwidth Product IC= 3 mAdc 

f = 100 me 

Collector-Base Time rb'Cc 
fVcE = 10 Vdc, -- 50 100 psec Constant IC= 3 mAdc 

f = 31. 8 me 

Output Capacitance cob 
IVcE = 10 Vdc, -- 2.2 3.0 pf 

IE= 0 
I 

f = 100 kc 
Maximum Frequency f IVcE = 10 Vdc, -- 500 -- me max 

of Oscillation IC= 3mAdc 

Input Resistance, R. IV CE = 10 Vdc, . - 1200 -- ohms 
Parallel Equivalent 

ie 
le= 3 mAdc 

Output tfes1sfance, ~oe f = 10 me -- TI -- on ms 
Parallel Equivalent 

Input Resistanc~. R. ~CE= 10 Vdc, -- 100 -- ohms 
ie 

Parallel Equivalent le= 3 mAdc 
Output 'lres1Sfance, """R"oe f = 100 me -- T.o -- ~ohms 

Parallel Equival~nt 
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-- Motorola High-Frequency Transistors·--

2N3323 thru 2N3325 (Continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic Sym Conditions Min Typ 

2N3323 

Power Gain 

2N3324 

Power Gain 

Test Circuit Fig. l 

G 
VCE = 10 Vdc, 

11 
e Ic= 3 mAdc 

f = 100 me 

Test Circuit Fig. 2 

G 
V CE= 10 Vdc, 

24 
IC= 3 mAdc e 

f = 10 me 

FIGURE 1: 100MC POWER GAIN TEST CIRCUIT - 2N3323 

L,-11 TIJllNS #'lllAWG.3/16"10. 
SUPPLYTAP7TUllftSFROM 
COlLECTOREND. 
NEUTAAUZATION-4TURMS. 

0.08,.ti 

7-45pf 

3.9,.11 

FIGURE 2: 10MC POWER GAIN TEST CIRCUIT - 2N3324 

5lpf 

R.=50fl 9-35pl 

1"' 9-35pf 

l, - 24 TURNS Of #28 AWG WlllE. 
LOAOTAP-5TURNSFROMCOLLECTORENO 
SUPPLYTAP-l5TURNSF1tOMCotlECTOREfl0 
NEllTllAUZATION-9TUllflS 
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-- Motorola High-Frequency Transistors --

2N3375 

2N3553 

2N3632 

P0 = 2.5to13.5 W@ 175 Mc 
Ge= 4.8-10 db@ 175 Mc 

NPN silicon annular transistors for high-power am
plifier and oscillator applications at VHF and UHF. 

CASE 79 CASE 36 
2N3553 2N3375 

2N3632 

MAXIMUM RATINGS 

Characteristic 

Collector-Base 
Voltage 

Collector-Emitter 
Voltage 

Emitter-Base 
Voltage 

Collector Current 

Total Device 
Dissipation 
(Up to 25 ° C Case Temp.) 

Derating Factor 
(Above 25°C Case Temp.) 

Storage and Operating 
Temperature 

+Vee 

Symbol 2N3553 2N3375 

VCBO 65 65 

VCEO 40 40 

VEBO 4 4 

re 1. 0 1. 5 

PD 7. 0 11. 6 

40.0 66. 3 

~stg -65 to +200 
J 

RF AMPLIFIER CIRCUIT FOR 2N3553 
POWER-OUTPUT TEST 
(50· & 175·Mc Operation) 

For 50-Mc Operation: 

C1,C2: 24-200 pf 
C3: 32-250 pf 
C4: 7·100pf 
C5: 1,800 pf, 

disc ceramic 

C6: 2,000 pf 
c7' 0.01 µf, 

disc ceramic 

For 175-Mc Operation: 

C1,C2,C3,C4: 3-35 pf 
C5: Not used 

C6: 1,000 pf 

2N3632 Unit 

65 Vdc 

40 Vdc 

4 Vdc 

3. 0 Amps 

23 Watts 

131. 4 mW/'c 

'c 

L l: 5 turns No.16 wire, 
1/4" ID, 1/2" long 

L2: Ferrite choke, Z = 450 ohm! 

L3: 7-,J> choke 
L4: 6 turns No.20 wire on 3/8• 

coil form (slug-tuned), 
1·1/8" long 

Rl: 1.35 ohms, non-Induct Iv-? 
(emitter grounded for 
13.5-volt operation) 

LJ: 2 turns No.16 wire, 1/4" ID, 
1/4• long 

l4: ~iS!"l~n~o.16 wire, 3/8" ID, 

C7: ~;~~5c~~mic R1: Not used 
(emitter connected 

92CS-Filn9 
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L1: 2 turns No.16 to ground) 
w Ire, 3/16• ID, 
1/4• long 

L2: ferrite choke, 
Z • 450 ohms 
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--Motorola High-Frequency Transistors --

2N3375, 2N3553, 2N3632 (continued) 

OSCILLATOR CIRCUIT FOR 2N3553 OR 2N3375 
POWER-OUTPUT TEST 

(SOO·M• Operotlan) 

t2ct-117411ft 

RF AMPLIFIER CIRCUIT FOR 2N3553 
POWER·OUTPUT TEST 

(260·Mc Operation) 

c.,c4 , 1.s-20 pf 

Cz,Ca' 3·35 pf 

Cs' 1,000 pl 
c, 0.005 µJ, 

di ~1: c·eromic 

Ll 4 t1._,rns No.16wlre, 
3/8" ID, 3/8" long 

L2: 3/16• wide copper 
strip, 7/16• long 

L3: ~e~r~t50 c~h;:, 
L4: 1/2 tum 3/16" wide 

copper strip, 1/4• ID 

J..s: ~ot~;;~ :ti':,• 1i~~· 10, 
1/2" long 

ELECTRICAL CHARACTERISTICS (At 25°C) 

Characteristic Symbol Min Typical Max Unit 

Collector-Cutoff Current 1CEO mA 
(V CE= 30 V, IB = 0) 2N3375 - - 0.1 

2N3553 - - 0. 1 
2N3632 - - 0. 25 

Collector-Base Breakdown Voltage BVCBO Vdc 
(IC = 0. 1 mA, IE = 0) 2N3375 65 - -
(IC = 0. 3 mA, IE = O) 2N3553 65 - -
(IC = 0. 5 mA, IE = 0) 2N3632 65 - -

Collector-Emitter Breakdown Voltage BVci;:o Vdc 
(IC = 200 mA, IB = 0) 2N3375 40 - -

2N3553 40 - -
2N3632 40 - -

Emitter-Base Breakdown Voltage BVEBO vdc 
(IC = 0, IE = 0. 1 mA) 2N3375 4 - -
(IC = 0, IE = 0. 1 mA) 2N3553 4 - -
(IC = 0, IE = 0. 25 mA) 2N3632 4 - -

Collector-Emitter Saturation Voltage VCE(sat vdc 
(IC = 500 mA, IB = 100 mA) 2N3375 - - 1 

(IC = 250 mA, IB = 50 mA) 2N3553 - - 1 

(IC = 500 mA, IB = 100 mA) 2N3632 - - 1 

Gain-Bandwidth Product fT fT 
(VcE=28V,Ic=l50 mA) 2N3375 - 500 -
(V cE=28V, Ic=LOO mA) 2N3553 - 500 -
(VcE=28V,Ic=l50 mA) 2N3632 - 400 -

Power Output p watts 
(Pin= 1 W, f= 400 Mc, VCE = 28 V) 2N3375 0 3 - -
(Pin= 0.25 W, f = 175 Mc, VCE = 28 V) 2N3553 2. 5 - -
(Pin=3.5W, f= 175Mc, VcE=28V) 2N3632 13. 5 - -

Efficiency ~ % 
(Pin= 1 W, f = 400 Mc, V CE= 28 V) 2N3375 40 - -
(Pin= 0. 25 W, f = 175 Mc, VCE = 28 V) 2N3553 50 - -
(Pin= 3. 5 W, f = 175 Mc, V CE = 28 V) 2N3632 70 - -
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-- Motorola High-Frequency Transistors --

2N3375, 2N3553, 2N3632 (continued) 

2N3375 

GAIN-BANDWIDTH PRODUCT versus COLLECTOR CURRENT 

" 700 
::;; 

600 

"" 500 
g 
§ 
15: 400 

~ r:::: 
~ 

I-- (V CE)= 28 VOLTS 

{Tcr··1 
50 100 150 200 250 300 

COLLECTOR CURRENT (IC) - MA 

2N3553 

GAIN-BANDWIDTH PRODUCT versus COLLECTOR CURRENT 

600 
~ 

J.,. t'--.. 
~ ~ 

v 500 

(V CE) = 28 VOLTS 

(TC)= 25°C 

40 60 80100 200 400 

COLLECTOR CURRENT (IC) - MILLIAMPERES 

2N3632 
GAIN-BANDWIDTH PRODUCT versus COLLECTOR CURRENT 

" 700 
:s 

600 
"' "" "" ~ 

v-
l7 ~ 

~,... 

"' 0 
& 

"" "" "' P< 

"" "' 0 
p:: 

(V CE) = 281 VOLTS 

(Tc)I = 25'/ I 
~ 
0 
P< 
ii. 
p:: 

50 100 150 200 250 300 

COLLECTOR CURRENT (IC) - MA 
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POWER OUTPUT versus FREQUENCY 

100 200 300 400 
FREQUENCY - Mc 

POWER OUTPUT versus FREQU <NCY 

150 200 300 400 
FREQUENCY - Mc 

POWER OUTPUT versus FREQUENCY 

40 

6 

4 

2 
(V CE) = 28 VOLTS 

(TC)= 25'C 

1 
50 60 80 100 200 300 

FREQUENCY - Mc 
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-- Motorola High-Frequency Transistors --

2N3444 For Specifications, See 2N3252 Data Sheet 

2N3467 
2N3468 

VcEo = 40-50 V 
le= 1 A 
fr= 150-175 Mc 

CASE 31 
(T0-5) 

PNP silicon annular transistors for high-speed 
switching and driver applications. 

MAXIMUM RATINGS 

Characteristic Symbol 2N3467 2N3468 Unit 

Collector-Base Voltage VCBO 40 50 Vdc 

Collector-Emitter Voltage VCEO 40 50 Vdc 

Emitter-Base Voltage VEBO 5 Vdc 

Collector Current Ic 1 Ade 

Total Device Dissipation (q TA = 25°C PD 1.0 Watt 
Derating Factor Above 25oc 5.71 mw/ 0 c 

Total Device Dissipation IQ TC = 2s0 c PD 5 Watts 
Derating Factor Above 2s0 c 28.6 mw/ 0 c 

Junction Temperature, Operating TJ +200 OC 

Storage Temperature Range Tstg -65 to +200 OC 

THERMAL RESISTANCE 8.1.\ (air) = 0.175°C/mW 

OJc (case) = 35°C!W 

STORAGE TIME VARIATION WITH TEMPERATURE 

200 

I 100 _ l=.. 

I ,; = 1~1 .. 1= \o/., 
Vee= 30V 

- l;=25°C 
- - - TJ = 125°C 

±:±1 
~ :--==! - {3F 10, 20 
: )Q!--,f-+---+-l-+---+--+---+-+-+--....o+'I=-+-~J--+-'"' 

0 so1:::;~-.+-H-~-+--1~f-!=-±::c-+f3-l=1 
.: ~ N 

µ,UaN'1 
30 1-+-+-+-++-t-" ~--t~. --v.~. t-, +-+---+---+---+-II-+II-++'< 
20~~~~~~~~~~~~~~~ 

50 70 100 200 300 500 700 1000 

le, COLLECTOR CURRENT (mA) 

LIMITS OF SATURATION VOLTAGE 

:: ±li 
H-~ ~ g 1.2 H- T, = 25°C-~+-~+--+-..f"".,..1+-l-+-H 

~ MAX V 

J_ 

le, COLLECTOR CURRENT (mA) 
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-- Motorola High-Frequency Transistors --

2N3467, 2N3468 (continued) 

ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

Collector Cutoff Current 1cBO µAde 
!VcB = 30 Vdc, IE = O) - 0.10 
(V CB = 30 Vdc, IE = 0, TA = l00°C) - 15 

- -- --
Collector Cutoff Current 1cEX nAdc 

(V CE= 30 Vdc, VoB = 3 Vdc) - 100 
- -- --

Base Cutoff Current 1EL nAdc 
(V CE = 30 Vdc, VoB = 3 Vdc) - 120 

- -- --
Collector-Base Breakdown Voltage BVCBO Vdc 

(le = 10 µAde, IE = O) 2N3467 40 -
2N3468 50 -

- -- --
Collector-Emitter Breakdown Voltage• BVcEo• Vdc 

(le = 10 mAdc, IB = O) 2N3467 40 -
2N3468 50 -

-- -- --
Emitter-Base Breakdown Voltage BVEBO Vdc 

!IE = 10 µAdc,.rc = O) 5 -
- ·-- --

Collector Saturation Voltage• VcE(sat)• Vdc 
(Ic = 150 mAdc, IB = 15 mAdc) 2N3467 - 0.3 

2N3468 - 0.35 

<re = 500 mAdc, IB = 50 mAdc) 2N3467 - 0.5 
2N3468 - 0.6 

(le = 1 Ade, IB = 100 mAdc) 2N3467 - 1.0 
2N3468 - 1.2 

·- ·-- ·--
Base-Emitter Saturation Voltage VBE(sat)* Vdc 

(le = 150 mAdc, IB = 15 mAdc) - 1.0 

(le = 500 mAdc, IB = 50 mAdc) 0.8 1.2 

(le = 1 Ade, IB = 100 mAdc) - 1.6 
·- -- ·--

DC Forward Current Transfer Ratio• hFE* -(le = 150 mAdc, VcE = 1.0 Vdc) 2N3467 40 -
2N3468 25 -

<1c = 500 mAdc, VcE = 1.0 Vdc) 2N3467 40 120 
2N3468 25 75 

<re = 1 Ade, VcE = 5 Vdc) 2N3467 40 -
2N3468 25 -- -- --

Output Capacitance cob pf 
(VcB = 10 Vdc, IE = 0, f = 100 kc) - 25 

- -- --
Input Capacitance cib pf 

(VoB = 0.5 Vdc, le = 0, f = 100 kc) - 100 
- -- --

Current-Gain - Bandwidth Product f,. me 
(1c = 50 mAdc, VcE = 10 Vdc, f = 100 me) 2N3467 175 -

2N346& 150 -
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--Motorola High-Frequency Transistors --

2N3467, 2N3468 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic 

Delay Time 
(le = 500 mA, IBl = 50 mA, V OB = 

Rise Time 2 V, Vee,; 30 V) 

Storage Time 

Fall Time 
(le= 500 mA, IBl = IB2 = 50 mA, Vee =30 V) 

Total Control Charge 
.<Ic = 500 mA, Ia = 50 mA, v cc = 30 V) 

• Pulse Test: PW :< 300 µsec, Duty Cycle :i 2% 

50 70 JOO 

MINIMUM CURRENT GAIN CHARACTERISTICS 

200 300 

le, COLLECTOR CURRENT {mA) 

MINIMUM CURRENT GAIN CHARACTERISTICS 

Symbol 

td 

~ 

ts 

tr 
QT 

500 

Min Max Unit 

- 10 nsec 
-- -- --
- 30 nsec 
-- -- --
- 60 nsec 
-- -- --
- 30 nsec 
-- -- --

nC 
- 6 

700 1000 

10.----.----.--,---.--.--------.-----.---.,---------.----r---.----r----.--r---,-, 

t---t--t---+---+--+-----t----+--+--t----41---+----+-+2J346J__, 
- VcE=lV 
---Vc~=2V 

50!-----+--t--t---t-+-----+-----+---lf----t---t--+--+----t-+---+-4 

50 70 100 200 300 500 700 1000 
10 , COLLECTOR CURRENT (mA) 
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--Motorola High-Frequency Transistors --

2N3485, A 
2N3486, A 

2N3493 

For Specifications, See 2N2904 Data Sheet 

Vceo=BV 
Cab=0.7 pf 
C1b=0.7pf 

NPN silicon annular transistor for high-speed micro
power logic switching. 

CASE 22 
(T0-18) 

MAXIMUM RATINGS 

Characteristics 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Total Device Dissipation@ Tc= 25°C 

Derate above 25°C 

Total Device Dissipation@ TA = 25°C 

Derate above 25°C 

Junction Operating Temperature Range 

Storage Temperature Range 

Symbol Rating 

VCBO 12 

VCEO 8 

VEBO 5 

PD 250 

1.43 

PD 150 

0.86 

TJ -65 to +200 

Tstg -65 to +200 

THERMAL RESISTANCE Bu= 1.16°C/mW 8JC = 0.70°C/mW 

MINIMUM CURRENT GAIN CHARACTERISTICS 

Unit 

Vdc 

Vdc 

Vdc 

mW 

mW/°C 

mW 

mW/°C 

oc 

oc 

10~-~~~~-~~~~~~-~-J~]~~~~~~~·-~-~~~~~ 

1---t---+--+--+--+---t--t--+-+-++--+- TJ - 125°C +--+--+-+-+-+--t +---t--+-+-Vc+-,--o--t.5-V ---i 

sol---J---l--l--l---J.--l-±J-~~'.'.:::+==!==+:::::i::~~.-4....j..Jd:-1---1--.J-.-l--+~.:......J 
~ TJ-2s0 c ~ 

v 
lokd"1 
0.01 0.02 0.03 . .0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 

le, COLLECTOR CURRENT lmAJ 
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-- Motorola High-Frequency Transistors --

2N3493 (continued) 

ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 

Characteristics Symbol Min Max 

Collector Cutoff Current 1CEX 
(VCE=6V, VEB=2V) -- 5 

Base Cutoff Current 1BL (V CE = 6 V, V EB = 2 V) -- 5 

(VCE=6V, VEB=2V, TA=l50°C) -- 500 
Collector-Base Breakdown Voltage BVCBO 

(IC = 10 µA, IE = 0) 12 --
Collector-Emitter Breakdown Voltage BVCEO 

(IE = 1 mA, IB = O) 8 --
Emitter-Base Breakdown Voltage BVEBO 

(IE = 10 µA, IC = 0) 5 --
Collector-Emitter Saturation Voltage 

V CE(sat) 
(IC = 10 µAde, IB = l 11Adc) -- 0,15 

(IC = 100 µA, IB = 10 µA) -- 0.13 
(IC = 5 mA, IB = 0. 5 mA) -- 0.25 

Base-Emitter Saturation Voltage 
VBE(sat) (IC = 100 µA, IB = 10 µA) 0.60 0.75 

(IC = 5 mA, IB = 0, 5 mA) -- 0.95 
DC Forward Current Gain 

hFE 
(IC = 10 µA, V CE = 0. 5 V) 25 --
(IC = 100 µA, V CE = 0. 5 V) 40 --
(IC= 100 µA, V CE = 0. 5 V (-55'C)) 20 --
(IC = 500 µA, V CE = 0. 5 V) 40 120 

(IC= 5 mA, VCE = 0.5 V) 25 --
High Frequency Current Gain 

hfe 
(IC = 1 mA, V CE = 3 V, f = 100 me) 4.0 --

Output Capacitance cob 
(V CB = 3 V, IE = 0, f = 100 kc -

-- 0.7 
Includes 0. 3 pF Can Capacitance) 

Input Capacitance cib 
(V OB = 0. 5 v, le = 0, f = 100 kc) -- 0.7 

LIMITS OF SATURATION VOLTAGES 

CAPACITANCE VARIATIONS, ZERO BIAS REGION 

-- LIMIT 
- - TYPICAL 

TJ = 2s0 c 

~ 2.ok--+-"-""'-l'--+-+--+-+--+-+--+
~ ~ c,.-+-_:--.._.,.JS.~-+----+-+--+-t---+---1 
~ '.;¢ 
u 1.01----- c,. -.....;::: 

0 

0.9 

~p, lO 
f- T, 25'C 

0 

~ 
~ 0.8 0 

MAXYaei .. 11 

0 
MINVaE(••t! 

0 

Jo.s 0 

Unit 

nAdc 

nAdc 

Vdc 

Vdc 

Vdc 

Vdc 

Vdc 

--

--

pF 

pF 

p 

-..... 

0.5 0.4 0.3 0.2 0.1 0.1 0.2 0.3 0.4 0.5 
:::l~l I l-1--1-l-l-l-1-11111111--1-l----1--+MHc·,·l., l-++H+l-11 Jf-+--+-hlrf o 

0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 
FORWARO BIAS (VOLTS) REVERSE BIAS IVOLTSI 

le, COLLECTOR CURRENT (mA} 
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--Motorola High-Frequency Transistors --

2N3494. thru 2N 3497 VcEo = 80-120 V 
lc=lOOmA 
f1=150-200 Mc 

\ PNP silicon annular Star transistors for high voltage 
\ \ 'wikMng "'d DC to VHF =pltlior applioatio"'. 

CASE 22 
(T0-18) 

2N3494 
2N3495 

2N3496 
2N3497 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 
------

Collector-Emitter Voltage 
-------

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation 
@Tc = 2s0c 
Derate Above 25°C 

Total Device Dissipation 
@TA = z5oc 
Derate Above 25oc 

Jwiction Temperature 
--

Storage Temperature 

Symbol 

VCBO 
----

VCEO 
---

VEBO 
----

Ic 

PD 

----
PD 

TJ 
----

Tstg 

Types 
-- (T0-5)=c (T0-18) 

2Ni494T2N3495 i 2N3496 I 2N3497 Unit 

I 
I I 80 120 +so 120 Vdc 

~ I 
-----

120 : 80 120 Vdc 
----I 

4.5 4.5 Vdc 

100 100 mA 

3 1.8 Watts 
17.2 10.3 mw/ 0c 

-----

! 
600 400 mW 
3.43 2.28 mW/OC 

-65 to +200 oc 

-65 to+200 oc 

SWITCHING CHARACTERISTICS (TA= 25°C unless otherwise specified) 

Cllancterlstlc Symhl Min Mu U11t 

naec 
300 

Turn-Off Time naec 
(Vee = 30 v, Ic = 10 mA, 181 = 182 = 1 mA) 450 
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-- Motorola High-Frequency Transistors -

2N3494 thru 2N3497 (continued) 

ELECTRICAL CHARACTERISTICS <TA= 25°C unless otherwise specified) 

Characteristic Symbol Min Mar Unit 

Collector-Base Breakdown Voltage BVCBO Vdc 
Oc = 10 µAde, IE = 0) 2N3494, 2N3496 80 -

2N3495, 2N3497 120 --- -- ---
Collector-Emitter Breakdown Voltage• BVcEo· Vdc 

Oc = 10 mAdc, Is = O) 2N3494, 2N3496 80 -
2N3495, 2N3497 120 --- -- ---Emitter-Base Break.down Voltage BVEBO Vdc 

(IE= lOµAdc,tc = 0) All Types 4.5 -- -- ~ Collector Cutoff Current 1cso 
(Vcs = 50 Vdc, IE= 0) 2N3494, 2N3496 - 100 

(Vcs = 90 Vdc, IE = 0) 2N3495, 2N3497 - 100 

Emitter-Base Leak.age Current !EBO 
-- -- ""';;AdC 

(VcB = 3 Vdc) All Types - 25 -- -- ---DC Forward Current Transfer Ratio hFE -
Oc = 100 µAde, VcE = 10 Vdc) All Types 35 -
(le = 1 mAdc, VcE = 10 Vdc) All Types 40 -
Oc = 10 mAdc, V CE = 10 Vdc) All Types 40 -
Oc = 50 mAdc, VcE = 10 Vdc) All Types 40 -
Oc = 100 mAdc, VcE = 10 Vdc) 2N3494, 2N3496 35 -

Collector Saturation Voltage -- -- VdC" VcE(sat) 
(Ic = 10 mAdc, ls = l mAdc) 2N3494, 2N3496 - 0.3 

2N3495; 2N3497 - 0.35 -- -- ---Base-Emitter Saturation Voltage VBE(sat) Vdc 
(le = 10 mAdc, Is = 1 mAdc) All Types 0.6 0.9 

Output Capacitance -- -- _p_f_ 
Cob 

(Yes = 10 Vdc, IE = 0, f = 100 kc) 2N3494, 2N3496 - 7 
2N3495, 2N3497 - 6 

Input Capacitance Clb -- -- _p_f_ 

cv0 B = 2 Vdc, le= 0, f = 100 kc) All Types - 30 -- -- ---Current-Gain - Bandwidth Product fT me 
(le = 20 mAdc, VcE = 10 Vdc, f = 100 me) 2N3494, 2N3496 200 -

2N3495, 2N3497 150 --- -· ---

I 
Small Signal Current Gain 

hre -
(VcE = 10 v, Ic = 10 mA, t = 1 kc) All Types 40 300 

Input Impedance -- --
hie kohms 

(VcE = 10 v, le = 10 mA, f = 1 kc) All Types 100 1.2 

Voltage Feedback Ratio -- --
x10·4 hre 

(VcE = 10 v, le = 10 mA, t = 1 kc) All Types - 2.0 

Output Admittance hoe -- -- ';;ilioS 
(V CE= 10 V, 1c = 10 mA, f = 1 kc) All Types - 300 

Extrinsic Base Resistance -- - Oiim8 rb 
(VcE = 10 V, le = 20 mA, f = 300 me) All Types - 30 

• Pulse width ' 300 µsec, Duty Cycle = 2% 
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--Motorola High-Frequency Transistors --

2N3498 thru 2N3501 Vceo= 100-lSOV 
le = 300-500 mA 
Cob= 8-10 pf 

NPN silicon annular transistors for high voltage 
switching and low-power amplifier applications. 

CASE 31 
(T0-5) 

MAXIMUM RATINGS 

Characteristics 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter"Base Voltage 

Collector Current 

Total Device Dissipation@ TA= 25'C 

Derating Factor Above 25"C 

Total Device Dissipation@ TC= 25'C 

Derating Factor Above 25' C 

Junction Temperature, Operating 

Storage Temperature Range 

Thermal Resistance 

Symbol 

VCBO 

VCEO 

VEBO 

Ic 

PD 

PD 

TJ 

Tstg 

(JJA 

9JC 

8-197 

Maximum 
2N3498 

J_ 
2N3500 Unit 

2N3499 2N3501 

100 

I 
150 Vdc 

100 150 Vdc 

6 Vdc 

500 I 300 mAdc 

I. 0 Watt 

5. 71 mW/C 

5 Watt 

28.6 mW/ C 

+200 ·c 

-65 to +200 c 

0.175 °C/mW 
35 0c;w 
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-- Motorola High-Frequency Transistors --

2N3498 thru 2N3501 (continued) 

SMALL SIGNAL h PARAMETER CHARACTERISTICS 

(VcE:::: IOV, T,.:::: 25°C, f:::: 1 kc) 

2001---+--+---l--1-+++++l---+--+-----l----l-l--l--l--l-+< 

' 2N3499, 2N350~ 
vr 

.if: lOO t=tt=l::J:t~tt~tt=l=l::±tl:lli ....... 

)....4- 2N3498, 2N3500 
so l--t--t--,..l~'.:.J-+-1-++-l---+--+---1--j-l---H-W-I 
~ 

le, COLLECTOR CURRENT (mAdc) 

INPUT IMPEDANCE 

5 O'---'-_j_-"t'<"-1'\-'-"~-LIW..1..l---+-_j_-L-L_l_JLI..J..L 
I ' " 2N3499, 2N3501 

2N3498, 2N350~ )\ 
2.0 l---+--+---l--1-l--l--l--A~l-'U--+---1--1-l--l--l-.U.. 

l\~ 

0.5 L--+--+---l--J_J._-1-1-W-.l---+--+---l----l-+-""~-'-"' 

0 .4 L-...L....L.......l......l...J...1....1..U..L-..J......J..........l......l...J..J....l.J.Jlj 
0,1 0.2 0.5 1.0 2.0 5.0 10 

le, COLLECTOR CURRENT (mAdc) 
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2N3499, 2N35v Jl1 
of---+--+--+-+-+-++++l----h4-----l----l-.J1.+-i--1-+< 

~ 2N3498, 2N3500 

1.0 L-...J.....J......J....J-..l...U..U.'-...1....-+-....J....J-..l..U..u..J 
0.1 0.2 0.5 1.0 2.0 5.0 IO 

1,, COLLECTOR CURRENT (mAdc) 

VOLTAGE FEEDBACK RATIO 
0 

~ 

al'\: ~ l"\ 
~ ]\ 2N3499, 2N3501 

0 
~ 

K 
0 K 

2. 

1' ]'.._ 
2N3498, 2N3500 b. ~ 0 

1\. l-.. 
1'-.. 1't. 

0 

0 5 
O,l 0 2 0,5 1.0 2.0 5,0 10 

10 COLLECTOR CURRENT lmAdc) 



--Motorola High-Frequency Transistors --

2N3498 thru 2N3501 (continued) 

CURRENT GAIN CHARACTERISTICS versus COLLECTOR EMITTER VOLTAGE 

10 20 50 100 200 500 

lo. COLLECTOR CURRENT (mAJ 

CURRENT GAIN CHARACTERISTICS versus COLLECTOR EMITTER VOLTAGE 

~=2V~ 
o.21--+--1--1----+--1-l--f-++-1---1--+--f---+--l-l-+-+-++---1f--P..,_.,~--+-...i 

Yeo=!~ 

0.1 L-.....l-....l----'L....-L......l....J...J...J....lu..,_---1.---1._....1...-.J..-J......L...J....L...U...-l.--l.--.....J.-~~~ 
1 10 20 50 :oo 200 500 

10 , COLLlCTOR CURRENT (mAdo) 

TEMPERATURE COEFFICIENTS 

- 2·5 0 .. _...__1 ... 00_.....__2"""0._o -'--3""00_.....__4"""00_....___,500 

10 , COLLECTOR CURRENT (mA) 
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JUNCTION CAPACITANCE VARIATIONS 

501--l-+-+-~l"l.w~"-+-+-1-+++++++--++-11-++++++i 

C;, ....... 

~l;;;;;lt:::t-~-,...t-t-rttttt-t-r--r-t-t-tttitt-t-t-t-H1t1~ 

I'"" ~ ~ 2N3498, 2N3499 

10 1:tt=t~m:g""'~~ta::a=smta 
Hl-+-+-+-l++i-+i-- c., -'!"'l;::H'!'Nt"-t-t-t-t-rttttt 

5.o H+-+t+H,fft-+-H-+ttR'IM.L"-::-P""""l.±t-.1-tt+t+H 

~ ;::. 
lfl:3~'T°i1 2.0Hl-+-+-+-l++i-1+-+-..._,l-+++l-HT-++-+-!-H-l+H 

1.0 ...... - .............................................. fil_ ........................ ..... 
0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 

REVERSE BIAS (VOLTS) 



--Motorola High-Frequency Transistors --

2N3498 thru 2N3501 (continued) 

ELECTRICAL CHARACTERISTICS (At 2s•c unless otherwise noted) 

Static Characteristics Symbol Min Max Unit 

Collector Cutoff Current 1cso 
µAde 

(VCB = 50 Vde, IE= O) 2N3498, 2N3499 0. 050 --

(VCB 50 Vdc, IE= 0. TA= 150 C) 50 -

(VCB 75 Vdc. IE= 0) 2N3500, 2N350! 0. 050 -

(V CB = 75 Vdc. IE = 0, TA = 150 C) 50 -

---- ---
Emitter Cutoff Current 1EBO 

nAdc 
(YOB= 4 Vdc, 'c = 0) All Types 25 -

Cullector-Biise Breakdown Voltage 2N3498, 2N3499. --------- ----
BVCBO 100 Vdc 

(le = 10 µAde. 'E = O) 2N3500, 2N3501 - 150 

---- ---2N3499 Collet·tor-Emitter Breakdown Voltage* 2N3498, - BVCEo' 100 Vdc 
(le = 10 mActc, IB = O) 2N3500, 2N3501 - 150 

-------- ---
Emitter-Base Breakdown Voltage BY EBO Vdc 

(IE = 10 µAde. 'c = O) All Types - 6 

---- ---- ---
Collector Saturation Voltage* v ' Vdc 

(le • 10 mAdc. IB = I mAdc) All Types 0. 2 CE(sat) -

(IC = 50 mAdc. IB = 5 mAdc) All Types 0. 25 -

(IC = 150 mAdc. IB = 15 mAdc) 2N3500, 2N3501 0. 4 -

(le = 300 mAdc. IB = 30 mAdc) 2N3498, 2N3499 0. 6 -

---- --- ---
Base-Emitter Saturation Voltage* VBE(sat) 

. Vdc 
Uc = 10 mAdc, IB = I mAdc) All Types 0.8 -

(IC = 50 mAdc, IB = 5 mAdc) All Types 0. 9 -
(IC= 150 mAdc. IB = 15 mAdc) 2N3500, 2N3501 I. 2 -
(le = 300 mAdc, IB = 30 mAdc) 2N349B. 2N3499 I. 4 -

---- --- ---
DC Forward Current T.ransfer Ratio* 11 FE 

. -
(le = 0. I mAdc, v CE = 10 Vdc) 2N3498, 2N3500 - 20 

2N3499, 2N3501 - 35 

I 
(IC = I. 0 mAdc, VCE =IO Vdc) 2N3498. 2N3500 - 25 

2N3499. 2N3501 -- 50 

(IC = 10 mAdc, v CE = 10 Vdc) 2N3498. 2N3500 - 35 
2N3499. 2N3501 - 75 

(le = 150 rnAdc. VCE = 10 Vdc) 2N3498, 2N3500 120 40 
2N3499, 2N3501 300 100 

(IC ·• 300 mAdc, VCE = 10 Vdc) 2N3500 - 15 
2N3501 - 20 

(le= 500 mAdc, VCE = 10 Vdc) 2N3498 - 15 
2N3499 - 20 ---- ---- ---

Small Si~ri1al Current Gain 2N3498. 2N3500 300 hie 50 -
(le= 10 mA. VCE =IO v. I~ I kc) 2N3499, 2N3501 375 75 ---- ---- --- Xlo-4 Voltage Feedback Ratio 2N3498, 2N3500 2. 5 h -
(le= 10 rnA. VCE = 10 v. I = I kc) 2N3499, 2N3501 ~ re -

---- ------
Input Impedance 2N349B, 2N3500 I. 0 h. 0. 2 k ohms 

(le= 10 mA. V CE = 10 V, I = I kc) 2N3499, 2N3501 I. 25 1e 0. 25 

---- --------
Output Admittance 2N3498, 2N3500 100 h 10 µmhos 

(Ic=IOmA, YcE=IOV, I = I kc) 2N3499, 2N3501 200 oe 20 

---- ---- ---
Output Capacitance 2N3498, 2N3499 10 cob - pF 

(VCB = 10 Vdc, IE= 0, I= 100 kc) 2N3500, 2N3501 8 -
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--Motorola High-Frequency Transistors --

2N34981hru 2N3501 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Static Characteristics Symbol Min Max Unit 

Input Capacitance 
cib - 80 pF (VOil ~ 0.5 Vdc, IC" 0, f = 100 kc) All Types 

--- ------
Small SiKnal Current Gain 

I hrel 1. 5 - -(V CE = 20 Vdc. IC = 20 mAdc, f = 100 me) All Types 

---
Jypical 

---· 
Delay Time 

td 20 nsec (IC • 150 mA. 181 = 15 mA. vcc = 100 v, V OB= 2. 0 V) ---
Rise Time t 35 nsec 

(IC= 150 mA. 'm = 15 mA. vcc = 100 v. v 08 = 2.0 V) r 
---

Storal:!c Time 
ts 300 nsec 

(IC= 150 mA. !Ill • 's2" 15 mi\. vcc. ioo vi ---
Fall Time 2N3498, 

ti 80 
(IC • 150 mA, 181 = 182 = 15 mA, vcc=lOOV) 2N3499 nsec 

•Pulse Test ~300 µsec, duty cycle ~2""o v08 - Base-Emitter 

SATURATION VOLTAGES SWITCHING TIMES 

i.2 soo--------~~----~ 

p,~10J 
TJ = 2s0 c I 

All TYPEVI 
l..d 

1.0 

V1 
v .. 1,..1 ~ 

1-'"'1 
-i H-' 

en o.s 
i 
~ 
~ 0.6 I 

1"'5011-...J v 
2N35001 

~ pt 
1NTJ.f L.l' ~ 

v" H ~ 
H-1 2N149f 

>.! 0.4 

0.2 

so ..______._---1---__,._...__,_,.~__,._N....,_N l-------+--+-71_.,.. 

NR:=H Vee::: IOOV 

Voe::::: 2 V 

0 JOL-__._,____._..__....._......._....._...___._..___. 
1.0 2.0 5.0 10 20 50 I 00 200 500 10 20 50 100 200 300 

le, COLLECTOR CURRENT (mAdc) le, COLLECTOR CURRENT (mAdc) 
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--Motorola High-Frequency Transistors --

2N3506 
2N3507 

V CEO = 40·50 V 
lc=3A 
fr =lOOMc Typ 

NPN silicon annular transistors for high-current, 
high-speed, saturated switching and core driver appli
cations. 

CASE 31 
(T0-5) 

MAXIMUM RATINGS 

Characteristics 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation 
@ 25°C Case Temperature 
Derating Factor Abeve 25°C 

Total Device Dissipation 
@ 25°C Ambient Temperature 
Derating Factor Above 25°C 

Junction Operating Temperature 

Storage Temperature Range 

Symbol 

VCBO 

VCEO 

VEBO 

Ic 

PD 

PD 

TJ 

Tstg 

THERMAL RESISTANCE IJJA = 0.175°C/mW 
fl.w = 35°C/W 

SATURATION VOLTAGES 

1\-1, ~ -;);, ---'--'-----'----'--'--'-'-'i-1--+--1--+p-' 
1.2 I-- T, ~ 25°C -+--+---1---1--+-H-++--+-_,,,--i,.~ 

V1E1t7 
ol------1-i--+---1-i--+---1-+-+-l:.....,"-t-t---+---I 

0.8 ~;:;t~:t:!::!t.-~+-:tittt=1=1=:JzllZ 
0.6 '--------'-'--'-'-'--'-'-'-'-'-'-VcEf .. 1~ 
0.41-----L-l--1---+-l--l---+--l-+-+lcp-72"'-t-t-t-i 

2t±~t:mm=~ 
o'-------'-'--L-L-'--L-1-'--'-'-'------'-~~ 
0.1 0.2 0.3 0.5 1.0 2.0 3.0 

10 , COLLECTOR CURRENT tide) 

8-202 

2N3506 2N3507 Unit 

60 80 Vdc 

40 50 Vdc 

5 Vdc 

3 Ade 

5 Watts 
28.6 mW/°C. 

1. 0 Watts 
5. 71 mW/°C 

200 oc 

-65 to +200 oc 

SWITCHING TIMES 

0.2 0.3 0.5 0.7 1.0 2.0 3.0 

le, COLLECTOR CURRENT IAdcJ 



--Motorola High-Frequency Transistors --

2N3506, 2N3507 (continued) 

ELECTRICAL CHARACTERISTICS <At 25'C Ambient unless otherwise specified.) 

Chancterlstlcs Symbol Min Mu Unft 
Collector Cutoff Current 1CEX µAde 

(VCE • 40 Vdc, VOB = 4 Vdc) 2N3506 -- I. 0 
(V CE= 40 Vdc, V OB= 4 Vdc, TA= lOO'C) -- 150 

(VCE = 60 Vdc, VOB = 4 Vdc) 2N3507 -- I. 0 
(V CE = 60 Vdc, V OB = 4 Vdc, TA = lOO'C) -- 150 - - --Base Cutoff Current iiL µAde 
(VCE = 40 Vdc, VOB = 4 Vdc) 2N3506 -- I. 0 
(VCE = 60 Vdc, VOB = 4 Vdc) 2N3507 -- I. 0 

----- -- --Collector-Base Breakdown Voltage 2N3506 BVCBO 60 -- Vdc 
(IC = 100 µAde, IE = 0) 2N3507 80 ------ -- --Collector-Emitter Break.down Voltage• 2N3506 BVCEO 

. 40 -- Vdc 
(IC = 10 mAdc, pulsed, IB = 0) 2N3507 50 ------ - --Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE = 10 µAde, le = O) 5 ----- -- --Collector Saturation Voltage• 

VCE(sat) • Vdc 
(IC = 500 mAdc, IB = 50 mAdc) -- 0. 5 

(IC = I. 5 Ade, 1i = 150 mAdc) -- l. 0 

(IC = 2. 5 Ade, 1i = 250 mAdc) -- i. 5 --- -- --Base-Emitter saturation Voltage• 
VBE(sat) 

. 
Vdc 

(IC = 500 mAdc, IB = 50 mAdc) -- I. 0 

(IC = I. 5 Ade, IB = 150 mAdc) 0. 9 I. 4 

(IC = Z. 5 Ade, IB = 250 mAdc) -- 2. 0 

--- ~ --DC Current Gain* hFE 
. --

(IC = 500 mAdc, V CE = 1 Vdc) 2N3506 50 --
2N3507 35 --

(IC= I. 5 Ade, VCE = 2 Vdc) 2N3506 40 200 
2N3507 30 150 

(IC = 2. 5 Ade, vcE=3Vdc) 2N3506 30 --
2N3507 25 --

Oc = 3. o Ade, VCE = 5 Vdc) 2N3506 25 --
2N3507 20 --

I 
--- -- --

Output Capacitance cob pl 
(VCB = 10 Vdc, IE= 0, ! = 100 kc) -- 40 --- -- --

Input Capacitance cib pl 
(VOB = 3 Vdc, le= o, I= 100 kc) -- 300 --- -- --

Current Gain-Bandwidth Product IT me 
(IC = 100 mAdc, V CE = 5 Vdc, f = 20 me) 60 ----- -- --Delay Time I le = I. 5 Ade, !Bl = 150 mAdc Id -- 15 nsec -- --

Rise Time V CC = 30 V, V OB = 0 V I 
r -- 30 nsec -- --storage Time IC = I. 5 Ade, ill = IB2 = 150 mAdc 1. -- 55 nsec --- -- --

Fall Time vcc = 30 v If -- 35 nsec 

*Pulse Test: Pulse width = 300 µsec, duty cycle = 2% 
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-- Motorola High-Frequency Transistors --

2N3506, 2N3507 (continued) 

CURRENT GAIN CHARACTERISTICS 
200,------r----,r--r----i----,--,--,,-,,---,-----,-~ 200~~-r---r----i~~~~-~~~ 

I _r 2N3507 2N3506 

20L---'--'----'--'--''-'--'--'-'-'------'--'----' 
0.1 

2N3508 

2N3509 

02 0.3 0.5 1.0 2.0 3.0 

le, COLLECTOR CURRENT (Ade) 

C= !J 125°C -+--t-+-r-t-+-++--+->---< t:::__;-~-- t- - Ve. 1 V 

100~ i'-'t'°'- --vcE 2V 

t-- T, 25"C ""' 

~-

20~_.__.__.___.___._._,__._,b..:'--~~_._~__,.~~ 
0.1 0.2 0.3 0.5 1.0 2.0 3.0 

le. COLLECTOR CURRENT !Adel 

Vceo=20V 
' le= SOOmA 

f1= 500 Mc 

NPN silicon annular transistor for high-speed, low
current switching applications. 

CASE 26 
(T0-46) 

MAXIMUM RATINGS 

Characteristics 

Collector-Base Voltage 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current (10 µsec pulse) 

Total Device Dissipation 
@ 25°C Ambient Temperature 

Derating Factor Above 25°c 

Total Device Dissipation 
@ 25°C Case Tempetature 

Derating Factor Above 25°c 

Junction Temperature, Operating 

Storage Temperature Range 

Thermal Resistance 

Symbol 

VcBo 

VcEs 

VCEO 

VEBO 

1c(Peak) 

PD 

Po 

TJ 

Tstg 

8JC 

OJA 

8-204 

Rating Unit 

40 Vdc 

40 Vdc 

20 Vdc 

6.0 Vdc 

500 mA 

0.40 Watt 
2.29 mw/0c 

2.0 Watts 
11.43 mw/0c 

+200 oc 

-65 to +200 oc 

0. 438 0c/mw 
0. 0875 0c/mW 



-- Motorola High-Frequency Transistors --

2N3508, 2N3509 (continued) 

ELECTRICAL CHARACTERISTICS (at 25°C unless otherwise specified) 

Chanctertstlc Splbl Mii llu U1tt 

Collector Cutoff Current 
1ceo 

l'Ade 
(Vee = 20 Vde) Both Types - 0.2 
(Vee = 20 Vdc, TA = 150°C) 2N3308 - 30 

2N3309 - 50 --- -
Collector Cutoff Current lcEX µAde 

(VCE = 20 Vde, Voe= 3 Vdc) - 0.2 ---- - --- µAde Base Cutoff Current lBL 
(VcE = 20 Vdc, v08 = 3 Vdc) - 0.5 ---- - ---Collector-Base Breakdown Voltage BVceo Vdc 
(le = 10 µAde, 18 = OJ 40 ---- - ---Emitter-Base Break.down Voltage BVEBO Vdc 
(IE = 10 µAde, le = 0) l.O ---- - ---

Collector-Emitter Breakdown Voltage• BVcEo' Vdc 
(le = 10 mAde) 20 ---- - ---

Collector-Emitter Voltage BVCES Vdc 
(le = 10 µAde, 18 = OJ 40 ---- - ---Collector-Emitter Saturation Voltage• VcE(sat)' Vde 
(le = 10 mAdc, 18 = 1 mAde) - 0.25 
(le = 100 mAdc, 18 = 10 mAdc) - 0.45 

--- - ---Base-Emitter Saturation Voltage* VBE(sat)' Vdc 
(le = 10 mAdc, 18 = 1 mAdc) 0.70 0.85 
(IC = JOO mAdc, le = 10 mAdc) 0.8 1.4 

DC Current Gain* ~ - --- -
Uc = 10 mAdc, VcE = 1.0 Vdc) 2N3508 40 120 

2N3509 100 300 
(le = 10 mAdc, v CE = 1.0 Vdc, TA = -55°cJ 2N3508 20 -

2N3509 40 -(le = 100 mAdc, VcE = LO Vdc) 2N3508 20 -
2N3509 30 ---- - ---

Small-Signal Current Gain hie -
Uc = 10 mAdc, VcE = 10 Vdc, f =lOOmc) 5 -

Output Capacitance ---c;- - ---
pf 

(V CB = 5 Vdc, IE = 0, f = 140 kc) - 4 

Input Capacitance c;- - ---
pf 

(Voe= I Vdc, le = o, f = 140 kc) - 4 

Storage Time ~ 
- ---

nsec 
(le = 181 = 182 = 10 mA) - 13 

Turn-On Time ~ - --- nsec 
Uc = 10 mA, 181 = 3mA,Vcc = av,v08 = t.5V) - 12 

Turn-Off Time t;;ff - --- -----nsec 
(le = 10 mA, 181 = 3 mA, 182 = 1.5 mA, Vee = 3 V) - 18 --- - --- --pC--

Total Control Charge Q-r 
(le = 10 mA, 18 = l mA, Vee = 3 V) - 50 

--- - --5- -----Delay Time 1<t - nsec 
Vee = 10 v, v08 = 2 v, --- - ---le = 100 mA, 181 = 10 mA 

Rise Time Ir - 18 nsec 

---- - ---
Storage Time ts - 13 nsec 

Vee = 10 v ---- - ---1c = 100 mA, Ie1 = 1e2 = 10 mA 
Fall Time It - 15 naec 

•Pulse Test: PW = 300µsec, Duty Cycle ~ 2% 
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-- Motorola High-Frequency Transistors --· -

2N3508, 2N3509 (continued) 

MINIMUM CURRENT GAIN CHARACTERISTICS 
10.-----,r---,--~-~-~~~~~--~-~--~-~~~~-~ 

t-~~Jr--Jt--~~~~~;r-+--+--+--+-+-+-~--+---~+--~+----l'---l----l2IiJ +-
so i----r, = 1251~'<::=:::!--l----+-+++--_-=--~b-...;--l----l----l--+---l- vr lv +-

! 30 ~ T, ZS'C,,..,. T,= -15°C~ T, = 25'C1 ,IC+-

~ µ-~ ~~ i 2ort..--1~-ti--~F----t.l---1~~1----:l:...-:::=t=l-++-t-----1=_,=:1-t---~-t--t-=""!-..._~t--...P'"l}::::~~+~--H 

~I ~ T,=[5~ 
10!"""=-----f--l---+---+--l----+--+-+-,f-+---+----l---+--_:;_:;::._.::,.:-1-1-+-1-1 

20v 
1 

TYPICAL SWITCHING TIMES 

10 20 30 50 70 100 
le. COLLEClOR CURRENT (mA) 

JO 20 30 50 70 100 
le, COLLECTOR CURRENT {mA) 

LIMITS OF SATURATION VOLTAGE 

0.4 f-+-t--+-+-t-++++t-t- MAX V,,~ 

0.2 ..__._ ........ _._ ...................... _ ........ _......,_._ .......... 
2 1 2 3 5 7 10 20 30 50 70 100 I 2 3 5 7 IO 20 30 50 70 100 

le, COLLECTOR CURRENT (mA) le, COLLECTOR CURRENT (mA) 
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--Motorola High-Frequency Transistors --

2N3510 

2N3511 

2N3647 

2N3648 

VcEo = 10-15 V 
le =500mA 
fr= 350-450 Mc 

NPN silicon annular transistors for high-speed satu
rated switching applications to 500 mA. 

CASE 27 ~ CASE 26 
(T0-52) \ \ (T0-46) 

MAXIMUM RATINGS 

2N3510 2N3511 
Characteristic Symbol 2N3647 2N3648 Unit 

Collector-Base Voltage VcBo 40 40 Vdc 

Collector-Emitter Voltage VcEO 10 15 Vdc 

Emitter-Base Voltage VEBO 6 Vdc 

C.ollector Current Ic 500 mAdc 

T0-46 T0-52 
2N3647 2N3510 
2N3648 2N3511 

Total Device Dissipation @TA = 25°c PD 400 360 mW 
Derating Factor Above 25°c 2.28 2.06 mw/0 c 

Total Device Dissipation@ TC = 25°c Po 2.0 1.2 watts 
Derating Factor Above 25°c 11.43 6.9 mw/0 c 

Junction Temperature, Operating TJ +200 CC 

Storage Temperature Range Tstg -65 to +200 oc 

STORAGE TIME VARIATION LIMITS OF SATURATION VOLTAGE 
20 

l I l I 1F11 
I I ll' t-1 t I ' I ' '-1 ! ·I+-:_, -- ' .-:-.._..._' 

PJ: HF' 10 l 
] J.-"][ 

ti"' 10 ' 

µ.-- k: 
,, 

J_ kl ; 0 
I I I 

.ktll ! ! ' l _J_ ill 
i : ijdj1 ~'- •.-··~ le1"'-la2 

lJf1 lt1 I ~-T,-25°C -- TJ= 12sec 
i Vcc~6V 

10 

16 ~~:r~~lI~~~~--rn-rrr---.T--.ri 

14 1------l-+---l---lrl--l++-H--+-+-+-+--++fttt--++-+-tll 
IT"' - w1'-+++-tt-----t--t---+-+-ttt+++----+--t--+cH ~ t----+---11J 00 ·2s··c lL 

1i; 12 1---1-+---Hl--t-l++ll-t-+-+--t-++tttt---t-+Ll-Y--H 

_k" ~ 10 ., 

I 0.8 

~ 0.6 
,;-

lL 
MIN VeE1,.11 IL 

2 3 5 7 10 20 30 5070 100 200 300 500 LO 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 300 500 

le. COLLECTOR CURRENT (mAl le. COLLECTOR CURRENT !mAl 
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-- Motorola High-Frequency Transistors --

2N3510, 2N3511, 2N3647, 2N3648 (continued) 

ELECTRICAL CHARACTERISTICS <TA= 25•c unless otherwise specified) 

Characteristic 

Collector Cutoff Current 
(VcE = 10 Vdc, v 08t = 1 Vdc) 
(VcE = 10 Vdc, Vos= 1 Vdc, TA = 1500C) 

Base Cutoff Current 
(VcE = 10 Vdc, v 08 = 1 Vdc) 

Collector-Base Breakdown Voltage 
(le • 10 µAde, IE • O) 

Collector-Emitter Breakdown Voltage* 
(le • 10 mAdc, Is • OJ 

Emitter-Base Breakdown Voltage 
(IE • 10 µAde, 1c • 0) 

Collector Saturation Voltage* 
(le = 10 mAdc, 18 = 1 mAdc) 
(le • 150 mAdc, Is • 15 mAdc) 
(le • 300 mAdc, Is • 30 mAdc) 
(le = 500 mAdc, la =, so mAdc) 

Base-Emitter Saturation Voltage• 
(le = 10 mAdc, Is = 1 mAdc) 
(le = 150 mAdc, 18 = 15 mAdc) 
(le = 300 mAdc, 18 = 30 mAdc) 
(le • 500 mAdc, Is • 50 mAdc) 

DC Current Gain• 
(le • 1.0 mAdc, v CE • l Vdc) 

(Ic = 10 mAdc, v CE = 1 Vdc) 

(le = 150 mAdc, VcE = 1 Vdc) 

2N3510, 2N3647 
2N3511, 2N3648 

All Types 
All Types 
2N3510, 2N3647 
2N35ll, 2N3648 

All Types 
All Types 
2N3510, 2N3647 
2N35ll, 2N3648 

2N3510, 2N3647 
2N35ll, 2N3648 
2N3510, 2N3647 
2N35ll, 2N3648 
2N3510, 2N3647 
2N35ll, 2N3648 

(le = 150 mAdc, v CE = 1 Vdc, TA= 
(le = 300 mAdc, v CE = 1 Vdc) 
(le = 500 mAdc, v CE = 1 Vdc) 

-55°C) 2N35ll, 2N3648 
2N3510, 2N3647 
2N3511, 2N3648 

Output Capacitance 
(VcB = 10 Vdc, IE= 0, f = 100 kc) 

Input Capacitance 
(Vos • 0.5 Vdc, le• o, f • 100 kc) 

Small Signal Current Gain 
(le = 15 mAdc, VcE = 10 Vdc, f "' 100 me) 

Delay Time 

Rise Time 

Turn-On Time 

Storage Time 

Fall Time 

Turn-Off Time 

Ile • 150 mA, 
181 = 15 mA, 
VoB = 0.5 V, 
Vee· s v) 

(Ic = 150 mA1 

IBl = -1B2 = 15 mA, 
Vee • s vi 

Total Control Charge 
(le• 150 mA, ls• 15 mA, VCC • 6 V) 

Small Signal Current Gain 
~ • I mA, V CE • 10 V, f • l kc) 

Voltage Feedback Ratio 
(1c• lmA,VcE • lOV,f• Ike) 

Input Impedance 
(1c • l mA, VcE • 10 v, f • l kc) 

Output Admittance 
(le· l mA, vcE • 10 v, f • 1 kc) 

• Pulse Test: PW :s 300 µsec, Duty Cycle ::: 2% 

VoB = Base-Emitter Reverse Bias 

2N3510, 2N3647 
2N3511, 2N3648 

2N3510, 2N3647 
2N35ll, 2N3648 

2N3519, 2N3647 
2N35ll, 2N3648 

2N3510, 2N3647 
2N35ll, 2N3648 

2N3510, 2N3647 
2N3511, 2N3648 

2N3510, 2N3647 
2N35ll, 2N3648 

2N3510, iN3647 
2N35ll, 2N3648 
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Symbol 

svcso 

BVEBO 

VCE(sat)"' 

Min 

40 

10 
15 

0.8 

12 
15 
20 
25 
25 
30 
12 
15 
12 

3.5 
4.5 

20 

0.6 

10 

Max 

.025 
50 

.025 

0.25 
0.4 
0.6 
0.8 

0.8 
1.0 
l.15 
1.5 

150 
120 

10 
8 

12 
10 

20 
16 

16 
12 

12 
8 

25 
18 

300 

150 

25 

4.5 

100 

Untt 

µAde 

µAde 

Vdc 

Vdc 

Vdc 

Vdc 

Vdc 

pf 

pf 

me 

nseC 

nSec 

nsec 

pC 

kohms 

µmhos 



--Motorola High-Frequency Transistors --

2N3510, 2N3511, 2N3647, 2N3648 (continued) 

MINIMUM CURRENT GAIN CHARACTERISTICS 

IO 20 30 50 70 100 

le, COLLECTOR CURRENT CmAI 

.MINIMUM CURRENT GAIN CHARACTERISTICS 

200 300 

2N351D 
ZN3647 

500 

. 30 l---l--+--+--+--+-+-+-Hf--H""""'-"'"'--1=-+-+-+-+-+-1-+++-+="'....-+--+-+-ie,., 1 v-1 
~ +-T,~f°C "h,. 

TJ--55°C 

10 20 30 50 70 100 200 300 500 

le, COLLECTOR CURRElfl CmAl 
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--Motorola High-Frequency Transistors --

Vcao =25V 2N3544 P0 = lOmW@ lOOOMc 

CASE22 \,, 
(T0-18) 

NPN silicon annular transistor for VHF and UHF 
oscillator applications. 

MAXIMUM RATINGS 

Characteristics Symbol Rating 

Collector-Base Voltage VCBO 25 
------

Collector-Emitter Voltage VCES 25 

Emitter-Base Voltage VEB 3.0 

Collector Current le 100 

Power Dissipation@ Tc= 25°C PC 400 

Derate above 25°C 2.67 

Power Dissipation @ TA = 25° C PD 300 

Derate above 25°C 2.0 

Junction Temperature TJ +175 

Storage Temperature Tstg -65 to +175 

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

Characteristics Symbol 

Collector-Base 
BYcBo Breakdown Voltage 

Collector-Emitter 
BVCES Breakdown Voltage 

Collector Cutoff Current 1CBO 

Emitter Cutoff Current 1EB_Q_ 

DC Current Gain hFE 

AC Current Gain lhfel 

Collector Output Capacitance cob 

Collector-Base Time Constant r •c 
b c 

Oscillator Power Output Pout 

Condition 

le= lOµAdc, IE= 0 

IC= 10 µA, VBE = 0 

V CB = 15 Vdc, IE = 0 

v EB = 3 Vdc, le = 0 

V CE = 10 Vdc, le 10 mAdc 

V CE = 10 Vdc, le =10 mAdc, 
f = 100 me 

v CB = 15 Vdc, IE f 2·ioo kc 

v CB = 10 vctc,lc f!g-t'~c 

f = 1000 me, Ve= 12 Vdc, 
le 12 mAdc 
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Min Typ 

25 30 

25 30 

-- 0. 01 

-- 0.1 

25 50 

6 9 

-- --
-- --

10 16 

Unit 

Volts 

Volts 

Volts 

mA 

mW 

mW/0 c 

mW 

mW/°C 

•c 

·c 

Max Unit 

-- Vdc 

-- Vdc 

0.1 µAde 

10 µAde 

-- --
15 --
2.5 pF 

10 psec 

mW 



--Mptorola High-Frequency Transistors --

2N3544 (continued) 

TEST CIRCUIT 
SHORT 

50U ADJUSTABLE LINE 

1000 pF 

1-0.8"01Aj 
v., (1 K me CAVITY) 

+ -

2N3546 

NOTES: 

sou 
POWER METER 

1. SET Vee= 12 Vdc. 
2. ADJUST v~E FOR le :::: 12 mAdc. 
3. SET ADJUSTABLE LINE FOR 

MAXIMUM POWER OUTPUT. 

Vceo= 12V 
ts= 20nsec 

~~ PNP silicon annular transistor for low- level, high
speed switching applications. 

CASE 22 
(T0-18) 

MAXIMUM RATINGS 

Characteristics 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Total Device Dissipation@ TA = 25°C 
Derate above 25 ° C 

Total Device Dissipation@ TC= 25°C 
Derate above 25°C 

Operating Junction Temperature 

Storage Temperature Range 

Thermal Resistance 

Symbol 

VCBO 

VCEO 

_vEBO 

PD 

PD 

TJ 

Tstg 

IJJA 

(:)JC 

8-211 

Rating Unit 

15 Vdc 

12 Vdc 

4. 5 Vdc 

0.36 Watt 
2.06 mW/°C 

1. 2 Watts 
6.9 mW/°C 

200 oc 

-65 to +200 oc 

0.49 QC/mW 

0. 15 QC/mW 



--Motorola High-Frequency Transistors --

2N3546 (continued) 

ELECTRICAL CHARACTERISTICS <At 2s•c ambient unless otherwise noted) 

Cllanctertstlcs SJlltllal Min Mu Unit 

Collector Cutoff Current 1CBO µAde 
(V CB = 10 Vdc) -- o. 010 

(V CB = 10 Vdc, TA = 150'C) -- 10 
--- -- --- ---

Collector Cutoff Current 1CEX 
µAde 

(V CE= 10 Vdc, VOB = 3 Vdc) -- 0.010 
--- -- --- ---

Base Cutoff Current 1BL µAde 
(VCE = 10 Vdc, VOB_ = 3 Vdc) -- 0.10 

--- -- --- ---
Collector-Base Breakdown Voltage BVCBO Vdc 

(le.= 10 µAde, IE = 0) 15 --
--- -- --- ---

Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE = 10 µAde, le = O) 4. 5 ----- -- --- ---

Collector-Emitter Breakdown Voltage• BVCEO 
. Vdc 

(le = 10 mAdo, IB = 0) 12 ----- -- --- ---
Collector Saturation Voltage* VCE(sat) 

. Vdc 
(IC = 10 mAdc, IB = 1 mAdc) -- 0.15 

(IC = 50 mAdc, lB = 5 mAdc) -- 0.25 

(IC = 100 mAdc, IB = 10 mAdc) -- 0.50 
--- -- --- ---

Base-Emitter Saturation Voltage* VBE(sat) 
. Vdc 

(IC = 10 mAdc, IB = 1 mAdc) o. 7 0.9 

(IC = 50 mAdc, IB = 5 mAdc) 0.8 1. 3 

(IC = 100 mAdc, IB = 10 mAdc) -- 1. 6 
--- -- --- ---

DC Current Gain* hFE 
. --

(IC= 1.0 mAdc, VCE = 1 Vdc) 20 --
(IC = 10 mAdc, V CE = 1 Vdc) 30 120 

(IC= 10 mAdc, V CE = 1 Vdc, TA= -55'C) 15 --
(IC = 50 mAdc, V CE = I Vdc) 25 --
(IC = 100 mAdc, vcE=IVdc) 15 --

I 
--- -- --- ---

Output Capacitance cob pF 
(V CB = 10 Vdc, IE = 0, f = 1 me) -- 6 

--- -- --- ---
Input capacitance cib pF 

(V OB = o. 5 Vdc, le = o, f = I me) -- 5 
--- -- --- ---

Current-Gain - Bandwidth Product fr me 
(le = 10 mAdc, V CE = 10 Vdc, f = 100 me) 700 ----- -- --- ---

Total Control Charge QT pC 
(IC= 50 mA, IB = 5 mA, Yee= 3 V) -- 400 

--- -- ---~ 
Delay Time le = 50 mA, !Bl = 5mA, Id -- 10 nsec 

-- --- ---
Rise Time VOB = 2 V, Vee= 3 v _t_r __ -- 15 nsec -- --- ---
storage Time IC = 50 mA, !Bl = ~2 = 5 mA, ts -- 20 nsec 

-- --- ---
Fall Time vcc = 3 v ti -- 15 nsec 

-- --- ---
Turn-On Time ~ -- 40 nsec 

See "Switching Time Test Circuit" -- --- ---
Turn-Off Time 

(page 8-213) 
1off -- 30 nsec 

*Pulse Test: PW = 300 µsec, Duty Cycle S 2% 
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--Motorola High-Frequency Transistors --

2N3546 (continued) 

LIMITS OF SATURATION VOL TAG ES STORAGE TIME BEHAVIOR 
30~----'---------~-~ 

iS 1.21---+--+--+-+-+-+-++++-+-+--vf-7'-+-+-t__, 

~ LO f---+--+--+-+-+-H-l++-+,;of'v-f-----4-++-f-++1 
~ t---t---+- MAX VeE(•ot) ._.Y 
0 0.8 

~ 
;;ii 0 6 f==-1-+- "1 '''t1 
~ 
> o.41---+--+--I+-_.__,f-+-~f+---+-+-+---+-+-t-'o'H 

20 

! 
" " 
i IO -

02t---+-t- M~XVc~1 .. :1 v 5'----'--'---L----'------'---'--..L-..L-..L-L.J 

le. COLLECTOR CURRENT !mAl 

DELAY AND RISE TIME 
EQUIVALENT TEST CIRCUR 

-3Y 

v,, +2v~-F 

-10.svLJ 

PULSE WIOTH - 200 nsec 
RISETIME"' 2 nsec 

DUTY CYCLE ,,;. 10% 

"OSCILLOSCOPE RISE TIME ,,;. l nsec 

IO 

STORAGE ANO FALL TIME 
EQUIYALE~3 ~ CIRCUR 

+8fi7Y 
OY -

V111 -ll.3V 

PULSE WIDTH ~ 200 nsec 
RISE TIME ~ 2 nsec 

DUTY CYCLE ,,;. 10% 

MINIMUM CURRENT GAIN CHARACTERISTICS 

20 30 50 70 

le, COLLECTOR CURRENT (mAJ 

SWRCHING TIME TEST CIRCUR 
Y11 -2Y 

PULSE WIDTH > 200 nsec 
RISE TIME < I nsec 

z. -son 
t..: Y11-+3V, v.- -7V 
l,o: Y11- -4Y, Y,,-+6Y 

IOO 

0----------------------------------~ 

7+---~+---+----'---'-~1----'---'-'--''---"--'----'---'---'----'---'---'----'--'--'-~"-"' 
1.0 2.0 JO 5.0 7.0 IO 20 30 50 70 IOO 

le, COLLECTOR CURRENT (mAl 
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--Motorola High-Frequency Transistors --

2N3553 
2N3632 

For Specifications, See 2N3375 Data Sheet 

2N3634 thru 2N3637 
!Al Vceo= 140-175V LU:! fr= 150 • 200 Mc 

PNP silicon annular transistor for high voltage 
switching and low-power amplifier applications. 

CASE 31 
(T0-5) 

MAXIMUM RATINGS 

Characteristics 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation@ TA= 25°C 

Derating Factor Above 25°C 

Total Device Dissipation @ TC = 25 ° C 

Derating Factor Above 25°C 

Junction Temperature, Operating 

Storage Temperature Range 

Symbol 

VCBO 

V~F.O 

VEBO 

~ 
PD 

PD 

TJ 

Ta+" 

SWITCHING TIME TEST CIRCUIT 

P.W. "'20 I' sec 
DUTY CYCLE 6 2% 
RISE TIME,,,;; 20 nsec 

v ... 
TURN-ON +4V 
TURN-OFF +4.1 V 

8-214 

-5.65V 
-5.9V 

Maximum 
2N3634 2N3636 Unit 
2N3635 2N3637 

140 175 I Vdc 

140 175 Vdc 

5 Vdc 

1 Ade 

1. 0 Watt 

5. 71 mW/°C 

5 Watts 

28.6 mW/°C 

+200 oc 

-65 to +200 oc 

2K 

~-IOOV 
V;, ____ ~ 



-- Motorola High-Frequency Transistors --

2N3634 thru 2N3637 (continued) 

ELECTRICAL CHARACTERISTICS (At 25'C Ambient unle.ss otherwise specified.) 

Characteristics Symbol Minimum Maximum Unit 
Collector-Base Breakdown Voltage 2N3634, 2N3635 BVCBO 140 - Vdc 

(IC = 100 µAde, IE = 0) 2N3636, 2N3637 175 -
, Collector-Emitter Breakdown Voltage* 2N3634, 2N3635 BVCEO • 140 - Vdc 

(IC = 10 mAdc, IB = O) 2N3636, 2N3637 175 -
Emitter-Base Breakdown Voltage BVEBO Vdc 

(IE = 10 µAde, Ic = O) All Types 5 -
Collector Saturation Voltage* V CE(sat)* Vdc 

(IC = 10 mAdc, IB = 1 mAdc) All Types - 0. 3 

(IC = 50 mAdc, IB = 5 mAdc) All Types - o. 5 

Base-Emitter Saturation Voltage* 
VBE(sat) 

. Vdc 
(IC = 10 mAdc, IB = 1 mAdc) All Types - 0.8 

(IC = 50 mAdc, IB = 5 mAdc) All Types 0.65 0. 9 

DC Current Gain hFE • -
(IC = 0. 1 mAdc, V CE= 10 Vdc) 

2N3634, 2N3636 40 -
2N3635, 2N3637 80 -

(IC = 1. 0 mAdc, V CE= 10 Vdc) 
2N3634, 2N3636 45 -
2N3635, 2N3637 90 -

(IC = 10 mAdc, V CE= 10 Vdc) 
2N3634, 2N3636 50 -
2N3635, 2N3637 100 -

(IC = 50 mAdc, V CE= 10 Vdc) 
2N3634, 2N3636 50 150 
2N3635, 2N3637 100 300 

(IC = 150 mAdc, V CE = 10 Vdc) 
2N3634, 2N3636 25 -
2N3635, 2N3637 50 -

Small Signal Current Gain 2N3634, 2N3636 lhfel 1. 5 - -
(V CE = 30 Vdc, IC = 30 mAdc, f = 100 me) 2N3635, 2N3637 2.0 -

Output Capacitance cob pf 
(V CB = 20 Vdc, IE = 0, f = 100 kc) All Types - 10 

Input Capacitance cib pf 
(V OB = 1. 0 Vdc, IC = 0, ! = 100 kc) All Types - 75 

Collector Cutoff Current 1CBO nAdc 
(V CB = 100 Vdc, IE = 0) All Types - 100 

Emitter. Cutoff Current 1EBO nAdc 
(V OB = 3 Vdc, le = O) All Types - 50 

I 
Small Signal Current Gain 2N3634, 2N3636 hie 40 160 -

(IC = 10 mA, v CE = 10 v, f = 1 kc) 2N3635, 2N3637 80 320 

Voltage Feedback Ratio h x10-41 
(IC = 10 mA, V CE = 10 V, ! = 1 kc) All Types re - 3 

Input Impedance 2N3634, 2N3636 h. 100 600 ohms 
(IC = 10 mA, V CE = 10 V, ! = 1 kc) 2N3635, 2N3637 ie 200 1200 

Output Admittance hoe µmhos 
(IC = 10 mA, v CE = 10 v, f = 1 kc) All Types - 200 

Noise Figure NF db 
(IC = 0. 5 mA, V CE = 10 V, f = 1 kc, ~ = 1 kll) All Types - 3 

Turn-On Time J V CC = lOOV, le = 50 mA, 1All Types ton - 400 nsec 

Turn-Off Time J 1sl = IB2 = 5 mA, V OB = 4 V JAii Types toff - 600 nsec 

*Pulse Width ~ 300 µsec, duty cycle ~ 2% V OB - Base-Emitter Off Bias 
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-- Motorola High-Frequency Transistors --

2N3634 thru 2N3637 (continued) 

INPUT IMPEDANCE 
0 

t\ '\ 

I\ i\ 0 

0 r\ 
1'i 

0 T\ 
1'i rs .o 

f\ t\ 0 

2N3634,2N36;\ [S2N3635,2N3637 

.J 2. 

~ 

0 

o. 7 

5 0. 
0.1 

I\ 
r-.. I\ 
' I\. 

1\ 
I\ 

0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

IE. EMITTER CURRENT <mAI 

CURRENT GAIN 
200------~~-~-:r~~~~ 

I 

1---+--+----+-l--+-l-+l-l-+- 2N3635, 2N3637 

150 J,....-1-

17' 

! 1001---+--+----+-l--+-+.+H+-+--+---+--+-t-++-l±I 

l ~ 1---+--+-----t-±..l--i-!-F=!=+" 2N3634, 2N3636 -!-_,__,--+--+-+< 

~ 
17" 

~.~1--'--'o.2~~0.3--'-~o.~5~0~.Ju1~.o-'---'2.~o---'-3.o---'-~5.~0~1~.o......,10 

IE, EMITTER CURRENTlmA> 
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OUTPUT IMPEDANCE 
70----------------

2N3634,2N3636 

ol---+L-1-+-J..--1-+._...-J...-l"f-++++-+-+-+-+-+-++++ 

5.0L....L...L-L-L...LJl..Ll...LL_L..JL_...L...LLL.LLJJ 
0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

IE, EMITTE~ CURRENT lmAJ 

VOLTAGE FEEDBACK RATIO 

IE.EMITTER CURRENT!mA) 



--Motorola High-Frequency Transistors --

2N3634 thru 2N3637 (continued) 

CURRENT GAIN CHARACTERISTICS versus COLLECTOR EMITTER VOLTAGE 
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2N3647 
2N3648 

--Motorola High-Frequency Transistors --

For Specifications, See 2N3510 Data Sheet 

2N3664 GPE = 7.4 db @ 250 Mc 
P0 = 2.2W@250Mc 

NPN silicon annular transistor for power amplifier 
and driver applications to 500 Mc. 

CASE 24 

MAXIMUM RATINGS 

Characteristic 

Collector Base Voltage 

Collector Emitter Voltage 

Collector Emitter Voltage 

Emitter Base Voltage 

Collector Current (Continuous) 

Base Current (Continuous) 

Power Dissipation 
@ 25° C Case Temperature 
@ 25 ° C Ambient Temperature 

Operating Junction Temperature 
Storage Temperature Range 

R. = m 

+Vee 

v~c T.1 uI 

-~ 

50 Ohms 

Symbol 

VCBO 

VCES 

VCEO 

VEBO 

Ic 

IB 

PD 

T. 

~tg 

TEST CIRCUIT 

2T No. 14 tinned wire 5/16" ID, 1/4" long 

2T No. 14 tinned wire 3/8" ID, 3/ 16" long 

Rating 

60 

60 

40 

4 

o. 5 

0.1 

5. 0 
1. 0 

200 
-65 to +200 

Note 1: Use a 0. 100" pin circle teflon socket with the emitter 
grounded to the chassis at the top of the socket. 

When making RF power test, the device must be provided 
with an adequate heat sink. 
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pf 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Ade 

Ade 

Watts 
Watts 

'c 



--Motorola High-Frequency Transistors --

2N3664 (continued) 

ELECTRICAL CHARACTERISTICS (TA= 25°c unless otherwise specified) 

Characteristic Symbol Minimum Maximum Unit 

Collector-Emitter Sustain Voltage v • 60 Vdc 
IC = 30mAdc, RBE = 0 ohms 

CES (sus) 

Collector-Emitter Open Base Sustain Voltage VCEO(sus) * 40 Vdc 
IC = 30mAdc, IB = 0 

Collector-Emitter Cutoff Current ICES 50 µAde 
VCE = 25Vdc, VBE = o, Tc= +150°C 

Collector-Emitter Cutoff Current ICES 0.05 µAde 
V CE = 25Vdc, VBE = 0 

Collector-Emitter Cutoff Current ICES 10 µAde 
VCE = 50Vdc, VBE = 0 

Emitter Cutoff Current ~BO 100 µAde 
VEB = 4Vdc, IC = 0 

DC Current Gain hFE 
V CE = 2Vdc, IC = 250mAdc 8 

V CE = 2Vdc, IC = 50mAdc 8 80 

Collector-Emitter Saturation Voltage V CE (sat) 75 Vdc 
IC = 250mAdc, IB = 50mAdc 

Base-Emitter Saturation Voltage VBE (sat) L2 Vdc 
IC = 250mAdc, · ~ = 50mAdc 

Small Signal Current Gain I hfel 3 
V CE = 15Vdc, IC = lOOmAdc, f = lOOmc 

Common Base Output Capacitance cob 6. 0 pf 
V CB = 15Vdc, IE = O, f = lOOkc 

Power Output p •• 2.2 Watts 
out 

Power Gain Pin= 400 mW, f = 250 me GPE 7.4 db 

Efficiency V CE= 25 Vdc 
~ 50 % 

*Pulse width " 200 µsec Duty cycle " 2% 
**In functional test Pout is fixed at 2. 2 watts and Pin is monitored to be "' 400 mW. 

THERMAL CHARACTERISTICS 

Characteristic Symbol Maximum Unit 

Thermal Resistance - Junction 9JC 35 0 c/w. 
to Case 

Thermal Resistance - Junction 9JA 175 0c/w. 
to Air 
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-- Motorola High-Frequency Transistors --

2N3717 
2N3718 

CASE 79 CASE 24 

MAXIMUM RATINGS 

Characteristic 

Collector Base Voltage 

Collector Emitter Voltage 

Collector Emitter Voltage 

Emitter Base Voltage 

Collector Current (Continuous) 

Base Current (Continuous) 

Power Dissipation 
@25°C Case Temperature 

@25°C Ambient Temperature 

Operating Junction Temperature 

Storage Temperature Range 

Thermal Resistance-Junction 
to Case 

Thermal Resistance-Junction 
to .Air 

Gpe = 7.4 db@ 250 Mc Typ 
Po = 4 W @ 250 Mc Typ 

NPN silicon annular transistors for power amplifier 
applications at UHF and VHF. Especially designed for 
operation from low voltage power supplies. 

Symbol Rating Unit 

VCBO 60 Vdc 

VCES 60 Vdc 

VCEO 40 Vdc 

VEBO 4 Vdc 

IC 1. 0 Ade 

IB o. 2 Ade 

PD Watts 
2N3717 7. 5 
2N3718 10. 0 
2N3717 1. 0 
2N3718 1. 5 

T. 200 oc 
J 

Tstg -65 to +200 

OJC 2N3717 23.3 °C/W. 
2N3718 17. 5 

OJA 2N3717 175 °C/W. 
2N3718 117 
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--Motorola High-Frequency Transistors --

2N3717, 2N3718 (continued) 

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

Characteristic Symbol Minimum Maximum Unit 

Collector-Emitter Sustain Voltage V CES (sus)* 60 Vdc 

IC = 50mAdc, RBE = 0 ohms 

Collector-Emitter Open Base Sustain Voltage v , 
CEO (sus)* 

40 Vdc 

IC = 50mAdc, IB = 0 

Collector-Emitter Cutoff Current 1CES 
50 µAde 

VCE = 25Vdc, VBE = 0, TC = +150°C 

Collector-Emitter Cutoff Current 1CES 
05 µAde 

V CE = 25Vdc, VBE = 0 

Collector-Emitter Cutoff Current 1cES 
10 µAde 

VCE = 50Vdc, VBE = 0 

Emitter Cutoff Current 1EBO 
100 µAde 

VEB = 4Vdc, IC = 0 

DC Current Gain hFE 8 

V CE = 2Vdc, IC = 200mAdc 

Collector-Emitter Saturation Voltage V CE (sat) 1. 0 Vdc 

IC = 500mAdc, IB = lOOmAdc 

Small Signal Current Gain I bye I 2. 5 

V CE = lOVdc, IC = 150mAdc, f = lOOmc 

Common Base Output Capacitance cob 10 pf 

V CB = 15Vdc, IE = 0, f = lOOkc I 
Power Output p •• 2. 0 Watts 

out 

Power Gain GPE 7. 0 db 
Pin = 400 mw, f = 175 me 

Efficiency ~ 60 % 
V CE = 13. 5 Vdc 

Power Out p •• 4. 0 Typ. Watts 
out 

Power Gain 
Pin = 730 mw, f = 250 me GPE 7. 4 Typ. db 

Efficiency V CE = 25 Vdc ~ 70 Typ. % 

*Pulse width ~200 sec Duty cycle ~2% 
**In functional test Pout is fixed at specified value and Pin is monitored to be 

~ value indicated. 
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--Motorola High-Frequency Transistors --

2N3719 
2N3720 

V CEO = 40-60 V 
lc=3A 
fr=60Mc 

CASE3~ 
(T0-5) I \\ 

PNP silicon annular transistors for high-speed, high
current switching in core and driver applications and 
Class C power amplifiers. 

MAXIMUM RATINGS 

Characteristic Symbol 2N3719 2N3720 
Collector-Base Voltage VCBO 40 60 

Collector- Emitter Voltage VCEO 
. 40 60 

Emitter-Base Voltage VEBO 4 4 

Collector Current-Continuous Ic 3 3 
Collector Current-Peak 10 10 

Base Current IB 0.5 0.5 

Total Device Dissipation @ TA = 25°c Po 1.0 
Derate above 25oc 5.72 

Total Device Dissipation @ Tc = 25°C Po 6 
Derate above 25°c 34.3 

Operating Junction and Storage TJ and -65 to +200 
Temperature Range Tstg 

SAFE OPERATING AREAS 
2N3719 

!Om~m 7.0 50µsec~ 5µsec==j 

5.0 I'>:: ' 

J.: ~ ~ ~3: 
3·0 ir.: ~ 500µSO~ \ 

f 1.0l::\~'~~~~~5j~se~c ~~1~~~~~ 
! 0.11= I i 0.5 ~~ 
5 0.3H P0 @Te 25~ ~ .._ .I 

I r-, '~ 
_g 0 " 1 EE$~33E~~~ 

.07 l-----+--+---l'~-1------<-_,__~~ ..... ::x: ........ 

. 05 ' -

.03 t-~-t-t---Po+®-T_•+=-2_5'+C -=-~'='t'=---==~:.::,""~~>i, ..,II 
r-~ 

2N3720 

SOµsec 

\ ~msec ~ 

... 

Unit 
Volts 

Volts 

Volts 

Amps 
Amps 

Amp 

Watt 
mw/0 c 

Watts 
mw/0 c 

oc 

ev.,..@ le= 2DmA .....!-

.l P, ~t = j5°c-L- 'F"- '!-- -..i _ 

BVao@ le= 20mA~ t="-
.DI _ _...._...__..._....___,, _ _.___,...__. 

0 10 20 30 40 10 20 30 40 50 60 

Vea, COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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--Motorola High-Frequency Transistors --

2N3719, 2N3720 (continued) 

ELECTRICAL CHARACTERISTICS (at Tc= 25°C unless otherw.ise noted) 

Characteristic 
Collector Leakage Current 

(VcE = 40 Vdc, VB!!; = 2 Vdc) 

(VcE = 60 Vdc, VBE = 2 Vdc) 

Collector-Base Cutoff Current 
(VcB = 40 Vdc, IE = 0, TA= 25°C) 

(VcB = 40 Vdc, IE =·0, TA= 150°C) 

(VcB = 60 Vdc, IE = o, TA= 25°C) 

(VCB = 60 Vdc, IE = 0, TA= 150°C) 

Emitter-Base Cutoff Current 
(VBE = 4 Vdc, Ic = O) 

DC Current Gain* 
(le = 500 mA, v CE = 1.5 V, TA = 25°C) 

(le = 1 A, V CE = 1.5V,TA= 25°c) 

(le = 1 A, VcE = 1.5V,TA= -4o0 c) 

Collector-Emitter Saturation Voltage* 
(le ~ 1 A, IB = 100 mA, TA = -40 to t l00°C) 

(le = 3 A, IB = 300 mA, TA= 25°c) 

Base-Emitter Saturation Voltage* 
(le = 1 A, IB = 100 mA) 

(le = 3 A, IB = 300 mA) 

Collector-Emitter Breakdown Voltage* 
(le = 20 mA, IB = 0) 

Collector Output Capacitance 
(VcB = 10 Vdc, IE = 0, f = 100 kc) 

Input Capacitance 
(VBE = 0.5 .Vdc, le = 0, f = 100 kc) 

Current-Gain - Bandwidth Product 
(VcE = 10 Vdc, le = 500 mAdc, f = 

Delay Pl•s Rise Time 
(I(: = 1 Ade, IBl = 100 mA) 

Storage Time 
(le = 1 Ade, 1J31 = IB2 = 100 mA) 

Fall Time 
(le = 1 Ade, IBl = IB2 =.100 mA) 

•Pulse Test: 
Pulse Width s 300 µ.sec 
Duty Cycle s 2% 

30 me) 

2N3719 

2N3720 

2N3719 

2N3719 

2N3720 

2N3720 

2N3'il9 

2N3720 
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Symbol Min 

1CEX -
-

1CBO -
-
-
-

1EBO I -
hyE* 

20 

25 

15 

VcE(sat)* -
-

VBE(sat)* -
-

BVcEo* 
40 

60 

Cob 
-

cib 
-

fT 
60 

ton 
-

ts 
-

tr -

Max Unit 
µAde 

10 

10 

mAdc 
.010 

1 

.010 

1 

mAdc 
1 

-
-

180 

-
Volts 

0.75 

1.5 

Volts 
1.5 

2.3 

Volts 
-
-

pf 
120 

pf 
1000 

me 

-
nsec 

75 

nsec 
150 

nsec 
75 
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-- Motorola High-Frequency Transistors --

2N3719, 2N3720 (continued) 

lc = 0.3 A 

BASE EMITTER SATURATION VOLTAGE VARIATIONS 

--1 
!:::.---1--

I-• ·-1·-I ______ ---;;; lc=3 A • ..j~ 

1----

20 

.._ __ _, __ , 
le= 1 A 

I-+- -1-+-+- --
~-I 

40 60 80 100 

11, BASE CURRENT {mA) 

-

200 

COLLECTOR EMITTER SATURATION VOLTAGE VARIATIONS 

-- 40°C 
- 25°C 
-·I 1so0 c 

400 600 700 

in 1.4~--~-~~~~~~~-~,_~,-~----r...,...,.......,,,-,..---..,.--,-~--.---.--,-..,-, 

i 1.2 ..__-++-1 --l---t-+-+-t-t\Hr+---1~',--+-----+---1---t~T-t-'-IHl\H':1~ -,--+----;----;T--;T1fH"i 
~ t.01-----t-'+--tt--i--+-t--t-t-Ht-+-..l~-t---+--t--+1 -t-\-ti~ \~----t--;--- - -40°C -

i5 l I I\ \ '·' f\T\, - 2s0 c ~ o.S l-----1---1--~-l>-+--l-+-l-+-l--L'.--:,....+---+-+-+-l---lr-l'l--l--1'-'~--+--+-· -;-·- 1so0 c1_ 

; o6 t----+-T-t-\H1lr--++-I +-+-+-+++-l--\-~-"<~,......~rt---+--+-++-+N+NHl!o-;:~:-' '""',~~-t--t--+++-++-1 
: o.41---\--i~~l\_)._-U-l.++--~~""i,41i..i.:':....._,.J--l--H++-Hi----+~~~li=ffi.~3-I~ 
~ ~'l ~~t- -1-HH lc,=~JA 
~ 0 ·2 1--t-tir~l""t"f~~;;;~~1 ;.;: --..,~,_~ttfJ11Ff-~~9;:-::j-jtH_l_ _ _Ltti 
>
i 0..._~~-'-~.._....i._..._._..._..._~-~---~-~F~--~..._----_._1~c--~0.~3A..._~.._~~..._'c~lj_~A~.._.._._....._._. 
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1,; BASE CURRENT {mA) 

CURRENT GAIN VARIATIONS 
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z 
ii 80 
~ 
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J 

40 

i-
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--Motorola High-Frequency Transistors --

2N3742 
VcEo=300V 
le= 50mA 
fr= 30Mc 

CASE 31 
(T0-5) 

NPN silicon annular transistor for high voltage am
plifier applications from D{: to VHF. 

MAXIMUM RATINGS 

Characteristic 
Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter ... Base Voltage 

Collector Current 

Total Device Dissipation @ TA = 25°c 

Derating Factor Above 25°c 

Total Device Dissipation@ Tc = 25°c 

Derating F d.Ctor Above 25°C 

Operating Junction Temperature 

Storage Temperature Range 

GAIN BANDWIDTH PRODUCT 

50-------~----1~~ 

40 1--- 1, ~ 25°C Vee= 20V 

10 L__J_--'-------"---'---'---'-'-.W....C--'--'----'----'-' 
1 5 1 10 20 30 50 

IE. EMITTER-CURRENT lmA> 

Symbol Rating Unit 

Vee 300 Vdc 

VCEO 300 Vdc 

VEB 10 Vdc 

1c 50 mAdc 

Po 1.0 Watt 

5.71 mw/0 c 

Po 5 Watts 

28.6 mW/OC 

TJ +200 oc 

Tfilg -65 to+ 200 oC 

COLLECTOR EMITTER SATURATION VOLTAGE 

; 6 r,_ - ::r- \--J-+.J--+-+--+--<[]f--< 
~ I---+- le/ls= 10 -+-++-+++--+--+---1---H-, 

>~ 5 _ I---+- TJ = 25°C +-4_,_,H++----+-+--+--ll-

~ f----1--1---1-+-l-++-+++-+--+---+-7*-

~ 41----+--l---l-+-l-+++-++-+-+--V---.+--j 
~ 3'----+--l--+-J--l-!-HH+-l---~~~~<-1-+-< ! 2'----+---1---+-J--l-!-HH+-~._..v.__,___.__, 
~ lf-----t--t--+-t--t-t-+H*l..2'~1--1----t--t-i 
;: 

O'-----'---'----'---"--'-'-'-Ll.-'--'---'----'--'-' 
I 5 7 10 20 30 50 

lc,·COLLECTQR CURRENT (mAdcl 
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--Motorola High-Frequency Transistors-. -

2N3742 (continued) 

ELECTRICAL CHARACTERISTICS (At 25°C ambient unless otherwise noted) 

Characteristic 
Collector-B.i.se Breakdown Voltage 

(le = 100 µAde, IE = 0) 

Collector-Emitter Breakdown Voltage• 
(le = 10 mAdc, IB = 0) 

Emitter-Base Breakdown Voltage 
(IE = lOOµAdc, le = 0) 

Collector Saturation Voltage•• 
(le = 10 mAdc, IB = 1 mAdc) 

(le = 30 mAdc, IB = 3 mAdc) 

Base-Emitter saturation Voltage•• 
(le = 10 mAdc, IB = 1 mAdc) 

Cle = 30 mAdc, IB = 3 mAdc) 

DC Current Gain •• 
(Ic = 3 mAdc, VcE = 10 Vdc) 

(le = 10 mAdc, VcE = 10 Vdc) 

(le = 30 mAdc, VcE = 10 Vdc) 

(le,= 50 mAdc, VcE = 20 Vdc) 

Collector Cutoff Current 
(VcB = 200 Vdc, IE = 0) 

(VcB = 200 Vdc, IE = 0, TA = l00°C) 

Emitter Cutoff Current 
VEB = 6 Vdc, le = 0) 

Small Signal Current Gain 
(VcE = 20 Vdc, le = 10 mAdc, f = 20 me) 

Output Capacitance 
(VcB = 10 Vdc, IE = o, f = 100 kc) 

Input Capacitance 
(V EB = 0.5 Vdc, le = 0, f = 100 kc) 

Small Signal Current Gain 
(le = 10 mA, v CE = l1l v, f = 1 kc) 

Voltage Feedback Ratio 
Cle= 10 mA, VcE = iov, t= 1 kc) 

Input Impedance 
(le= lOmA, VcE = lOV,f= 1 kc) 

Output Admittance 
(le = 10 mA, V CE = 10 V, t = 1 kc) 

Real Part of Input Impedance 
(le = 10 mA, VcE = 10 v, f = 5 me) 

•PW ::: 30 µsec, Duty Cycle ~ 1 % 

**PW ~ 300 µsec, Duty Cycle ~ 2% 

Symbol Min Max 

BVcBo 
300 -

BVcEo" 
300 -

BVEBO 
10 -

VcE(satl"" - 1 

- 5 

VBE(sat) •• - 1.0 

' - 1.2 

hFE •• 
10 -
15 -
20 200 

20 -
1CBO - 0.2 

- 20 

1EBO - 0.2 

I 1tiel 1.5 -
cob - 6 

Cib - 80 

hfe 
20 200 

hre - 1.0 

hie - 0.5 

hoe 
5 50 

Re(hiel - 40 
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Unit 
Vdc 

Vdc 

Vdc 

Vdc 

Vdc 

-

µAde 

µAde 

-
pf 

pf 

-

x10-4 

Kohms 

µmhos 

ohms 



--Motorola High-Frequency Transistors --

2N3742 (continued) 

INPUT ADMITTANCE 

30+---+--+--+-+-+-t-+~H+-+~+---+--+-+-++++I 
VcE = lOVdc 

201---+---r---r-+-+-t-+ftt--l--l---+-+-t-+-bH'I 

i 
~ 

!;! 
g ,. .. 

200 

100 

50 

20 

10 

REVERSE TRANSFER ADMITTANCE 

lm(y,.l 

5mc Ll 
Rely,.) 

t--

I ; 1---1 VcE = lOVdc 

o.3 ,__-+--t___,,._+-v-+-<--+-t-+++---t-+---+--+-+++-+-H 

0.2 t--~k::l~v-~~~~~~~~~~~~ 
0.1 0.2 0.3 0.5 0.7 LO 2.0 3.0 5.0 7.0 10.0 

IE. EMITTER CURRENT lmAdc) 

FORWARD TRANSfFR ADMITTANCE 
300~~~~~---~~--- -,--~~~~~ 

200 1----t--+---t--t-t 

~ 
' 

l 
!;! 

I 
i 
~ 

0.5 

0.2 

0.1 

0.05 

0.02 

.01 
0.1 

500 

200 

100 

50 

20 

10 

0.5 

0.2 r-

Ike 

lmj••l ---

0.2 0.5 LO 2.0 5.0 10 

IE, EMITTER CURRENT lmAdcl 

OUTPUT ADMITTANCE 

[ 
Im~,.) 

Smc 

VcE = lOVdc 

L 
5mc~ JJ'1 

J ......1-" 
0.1 '--""~:::Jr'--.L.J.......LI-il.LL-..---L---L--1--1---LLLLI.J 

70 

60 

50 

40 

15 

12 

10 

1---1 

1 

0.1 0.2 0.5 1.0 2.0 5.0 10 

If, EMITTER CURRENT (mAdcl I& EMITIER CURRENT {lllAlf<:) 

OURRENT GAIN CHARACTERISTICS versus COLLECTOR EMITTER VOLTAGE 

1---
10 

le, COLLECTOR CURRENT (mAdcl 
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--Motorola High-Frequency Transistors --

2N3743 [iiJ Vceo =300V 
le= 50mA 
fr= 30Mc 

PNP silicon annular transistor for high voltage am
plifier applications from DC to VHF. 

CASE 31 
(T0-5) 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation@ TA = 25°c 

Derate Above 25oC 

Total Device Dissipation@ Tc= 25°c 

Derate Above 25°c 

Operating Junction Temperature 

Storage Temperature Range 

GAIN BANDWIDTH PRODUCT 

70 

t---t--
VcE = 20V 

~~ r-.... 
TA= 25°C ~ 

~ 
Id" VcE"" IOV 

~ j ~ 
F 

50 

10 

it 11_ 
7 

1 5 7 10 20 30 50 

IE, EMITTER CURRENT lmAI 

Symbol Rating Unit 

Vea 300 Vdc 

VCEO 300 Vdc 

VEB 5 Vdc 

Ic 50 mAdc 

Po 
1.0 Watt 
5.7 mW/OC 

Po watts 
5.0 mW 
28.6 mW/°C 

TJ +200 OC 

Tstg -65 to +200 oc 

COLLECTOR EMITTER SATURATION VOLTAGE 

~ 70 ~ =r+++++++-+--1----+---+.jJ ..... 
.:: 6.0 lc/11 = 10 -t-+-HH--t--t----t___,,-< 

~ r-+----1 T, ~ 25"C t-r-t-T~-t---t--jL_hLl~ 
~ 5.0 t---+-+--t--+-+-+~H--t--[Zf--2-1--+-I 

I 4.0 t---t--t--t---t--+-t--H-++--r-L-¥---+---+--< 

~ 3.o l---+--+--+---+-+-1-+<-++-v...,,.L.<-+--+--+-+--< ! 20 ,___,__,~-+-+v_......f-+-j-++---+1-_-1;~_:~_:-~ 
j 1.0 b--1--4--+-+--+-I +-HH--t---r----t--t-< 

i 0 ~--- -- +--- -- --- t -t-+--+-+--
1 .5 7 10 20 30 50 

le, COLLECTOR CURRENT (mA) 
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--Motorola High-Frequency Transistors --

2N3743 (continued) 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise specified) 

Characteristic 
Collector-Base Breakdown Voltage 

(le = 100 µAde, IE = O) 

Collector-Emitter Breakdown Voltage• 
(1c = 10 mAclc, Is = O) 

Emitter-Base Breakdown Voltage 
(IE = 100 µAde, le = 0) 

Collector Saturation Voltage•• 
(le = 10 mAdc, IB = 1 mAdc) 

(le_= 30 mAdc, IB = 3 mAdc) 

Base-Emitter Saturation Voltage•• 
(le = 10 mAdc, IB = 1 mAdc) 

<Ic = 30 mAclc, Is = 3 mAclc) 

DC Forward Current Gain•• 
(le = 100 µAde, VcE = 10 Vdc) 

Cic = 1 mAclc, V CE = 10 Vdc) 

(le = 10 mAdc, VcE = 10 Vdc) 

(le = 30 mAdc, VCE = 10 Vdc) 

(le = 50 mAdc, V CE = 20 Vdc) 

Collector Cutoff Current 
(VcB = 200 Vdc, IE = 0) 

(Yes = 200 Vdc, IE = 0, TA = 1oooq 

Emitter-Base Leakage Current 
(VES = 3 Vdc, le = O) 

Small-S)gnal Current Gain 
(le • 10 mAdc, VcE = 20.vdc, f = 20 me) 

Output Capacitance 
(Yes = 20 Vdc, IE = o, f = 100 kc) 

Input Capacitance 
(VES = 1 Vdc, le = 0, f = 100 kc) 

Small Signal Current Gain 
(V CE = 10 v' le = 10 mA, f = 1 kc) 

Voltage Feedback Ratio 
(V CE = 10 V, le = 10 mA, f = 1 kc) 

Input Impedance 
(V CE = 10 V, le = 10 mA, f = 1 kc) 

Output Admittance 
(VcE = IO V, le = 10 mA, f = 1 kc) 

Real Part of Input Impedance 
(le = 10 mAdc, VcE = 10 Vdc, f = 5 me) 

•PW:': 30 µsec, Duty Cycle :S 1% 

••PW :S 300 µsec, Duty Cycle :S 2% 

Symbol Min Max 

SVcBO 
300 -

SVcEo• 
300 -

BVEBO 
5 -

VcE(sat) .. 
- 5 

- 8 

VBE(sat)*0 

- 1.0 

- 1.2 

hFE** 
20 -
25 -
25 -
25 250 

25 -
leso - 0,3 

- 30 

1EBO - 0.1 

I htel 
1.5 -

Cob - 15 

clb 
- 400 

hte 
30 300 

hre 
- 4.0 

hie 
- 1.0 

hoe 
20 100 

Re(hi.el - 40 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Vdc 

-

µAde 

µAde 

-
pf 

pf 

-

x10-4 

kohms 

µmhos 

ohms 
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--Motorola High-Frequency Transistors --

2N3743 (continued) 

z 
iii 

INPUT ADMITTANCE 

50---------------

IE, EMIITER CURRENT lmAdc:J 

FORWARD TRANSFER ADMITTANCE 

looO =::=--
500 f=C-~-T~ ---- 1--" -

····!-· 
-+ 

f-------1- ---I+- --1-

1<'17~/J/L--J~/"-l-----1---1---1-1--µ_i_----1----l----~-l-I-~ 
21...<~_J___l_J__J_l_LLil _ _l_.L__J__J_Ll.LJ.~ 

OJ 0.2 0.5 1-0 2.0 5.0 IO 

IE, EMITTER CURRENT (mAdcl 

REVERSE TRANSFER ADMITTANCE 
Iooo---~-T~~~-T~~-~~~ 

500~:j::::j::::::::j:-~,m~fy~ .. J-::j::l:l:l:j:::~I!:J:::r=:::::j:::i=j::j::j::l::j:j 

2001----1---l---l--+---l-'-l-H+-li---l----l----l-J-l--++-H 

i JOO<---+--+----+--+--+-'-l-H+-_5,::~m~'--+------"'-+--1---1-+++-1 
,,. 50 l;:::::::j:::::j::~::.l::j:;:l=i:~rzt::~··:.:(y~~~) l::::l=Fttm 
~ I ii 20 

ffi 101---+---+----+---+--+---+-H+-+--1---~--+-+-+-++~ 

I 5.0 l---+---+----+-+-+---+-H+-+--1-----+--+-;.+-++-H 
~ VcE~ lOVdc 

~ 2.0 

- 1.0 +-- - - - -•--.,---+-+-+-++-! 
~ 

0.5 f-· 

o.2~Iko 

OJ I---+---- lmlly.,J, 

.05 '----'-----'----'--_l_-'-'--'--"-'-'-"--'----'-----'L--'-'---'--'--'-""' 
OJ 0.2 0.5 LO 2.0 5.0 10 

IE, EMITIER CURRENT (mAdc) 

OUTPUT ADMITTANCE 

f-----+--- -"---I--+-+-+-+-++--+-+---+---+-+-+-++~ 

200 f-----+--- ---- --+--

I Ioo ~-- -f---i---t---++++-----+----+----1---+--<--+-......, 
5 f-----+- --!--+- -+-+-H+----+---+-----+---+--+-++++t 

501-------1---+----+--+--+"'--H'++-~~-~.-~.-Io~~-,-+-+--+-+++t 

¥" 10<----+---l------l---+---l-'-+-''-l-1--+---l----l---~;p'--""++.<+I 

--+--1-l--++-'-"-- ""' ::_:;:;; p 
Rely_J V y 

~Iko 

1-+- .!--

+----- ---+--1----1----1-+-++-H 

o.: ~.__--_·-'--''-----"--'-'-'--"--'-'--1-----+--+--_.1'-'---'-~~ 
0.1 0.2 0.5 LO 2.0 5.0 10 

IE, EMITTER CURROO (mAdcl 

CURRENT GAIN CHARACTERISTICS versus COLLECTOR EMITTER VOLTAGE 
70 

r,J5°C _ 
50 

Ve, IOV t--
--.;; t".vc, -5v 

'\ i 30 

r'..: 
\] 

rs 

20 

IO 
I\ 

I 1.2 1.5 IO 12 I5 30 50 

le. COLLECTOR CURRENT (mA} 
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--Motorola High-Frequency Transistors --

2N3783 thru 2N3785 @ Vceo=15-30V 
Ge= 18-20 db@ 200 Mc 
NF= 2.2-2.9 db @ 200 Mc 

CASE2\ 
(T0-18) 

PNP germanium epitaxial mesa transistors for high
gain, low-noise amplifier, oscillator and frequency 
multiplier applications. 

MAXIMUM RATINGS 

Characteristics Symbol 2N3783 2N3785 Unit 2N3784 
Collector-Base Voltage VcBo 30 15 Vdc 

Collector-Emitter Voltage VCES 30 15 Vdc 

Collector-Emitter Voitage VcEo 20 12 Vdc 

Emitter-Base Voltage VEBO 0.5 Vdc 

Collector Current 1c 20 mAdc 

Total Device Diss~ation @ TA = 25°c Po 150 mW 
Derate above 25 C 2 mw/0 c 

Junction Operating & Storage Temperature TJ, -65 to +100 OC 
Range Tstg 

200 MC POWER GAIN AND NOISE FIGURE TEST CIRCUIT 

50!! 
R., 

SHIELD 
I 

CM 0.7 -9" pf 
T-l----~11-------...----. 

470 pf 

+le -Vee 

8-231 

MOTES, 

l-1 IA ineh inside diameter, lh inch length, 4 turns #20 solid copper wire, center tapped. 

T-1 IA inch inside diameter, close wound, 3 turns #26 solid copper wire. 1:1 ratio 
bi-filler wound. 

• Hiih Quality piston type capacitor. 

Distance from emitter contact of transistor to ground side of bypass capacitor 
should be kept minimum. 

I 
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--Motorola High-Frequency Transistors --

2N3783 thru 2N3785 (continued) 

ELECTRICAL CHARACTERISTICS CTA = 25°C unless otherwise noted) 

Characteristics Symbol Test Conditions Min Typ Max Unit 

Collector-Base Break BV CBO le= -100 µAde, IE = 0 2N3783, 2N3784 -30 - - Vdc 
down Voltage 2N3785 -15 - -
Collector-Emitter BVcES le= -100 µAde, VEB = 0 ZN3783, ZN3784 -30 - - Vdc 
Breakdown Voltage 2N3785 -15 - -
~ollector-Emltter BVcEO le= -2 mAdc, IB = 0 2N3783, 2N3784 -20 - - Vdc 
'Breakdown Voltage 2N3785 -12 - -
,Emitter-Base Break 

BVEBO IE = -100 µAde, le = 0 All Types -0. 5 - - Vdc down Voltage 

Collector Cutoff 1cBO VcB = -10 Vdc, IE = 0 All Types - - -5 luMc 
Current 

-10 Vdc, IE = 0, TA = +55"C 2N3783, 2N3784 -50 VcB = - -
Emitter Cutoff Curr~ntIEBO VEB = -0.5 Vdc, Jc = 0 All Types - - ·100 µAde 

DC Forward Current bFE VCE = -10 Vdc, le = -3 mAdc 2N3783, 2N3784 20 - 200 -
ITraDSter Ratio 2N3785 15 - 200 

Collector-Emitter VCE(sat) le= -5.0 mAdc, IB = -1.0 mAdc 2N3783, 2N3784 - - -0.25 Vdc 
Saturation Voltage 2N3785 - - -0.35 

Base-Emitter VBE(sat) 1c = -5.0 mAdc, IB = -1.0 mAdc 2N3783, 2N3784 - - -0.55 Vdc 
Saturation Voltage 2N3785 - - -0.65 

Small-Signal Forward 
Current Transfer hte 1c = -3 mAdc, VcE = -10 Vdc, f = 1 kc 2N3783, 2N3784 20 - 200 -
!Ratio 2N3785 15 - 200 

Current Gain - Band fT 1c = -3 mAdc, VcE = -10 Vdc, f = 200 me 2N3783 800 - 1600 me 
width, Product 2N3784, 2N3785 700 -. 1600 

Collector-Base Time r'C VcB = -10 Vdc, IE = +3 mAdc, f = 31.8 me 2N3783, 2N3784 1 - 6 psec 
Constant b c 

2N3785 1 - 10 

Collector-Base cob VCB = -10 Vdc, IE = 0, f = 100 kc 2N3783, 2N3784 - - 1.0 pf 
Capacitance 2N3785 - - 1.2 

Power Gail! Ge VcE = -10Vdc,1c = -3 mAdc, f = 200 me 2N3783, 2N3784 20 - 33 db 
3N3785 18 - 33 

Noise Figure NF ·v CE = -10 Vdc, le = -3 mAdc, I = 200 me 2N3783 - - 2.2 db 

Ra= 50 ohms 2N3784 - - 2.5 
2N3785 - - 2.9 

Power Gain (AGC) Ge(AGC) VcE = -10Vdc,1c = -15 mAdc, f = 200 mc2N3783 - - 0 db 
Note 1 2N3784, 2N3785 - 0 -
Noise Figure NF VcE = -10 Vdc, le= -3 mAdc, f = 1000 me 2N3783 - - 6.5 db 

Ra• 50 ohms (Note 2) 
2N3784 - 7.0 -
2N3785 - 7.5 -

NOTE 1: AGC Ill obtained by Increasing Ic· The circuit remains adjusted for VcE = -10 Vdc and 1c = -3 mAdc. 

NOTE 2: Thia Noise Figure was obtained using Hewlett-Packard Type 342A Noise Figure Meter and Type 349A 
Nollle Source. 
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-- Motorola High-Frequency Transistors --

2N3783 thru 2N3785 (continued) 

GAIN versus COLLECTOR CURRENT 

30------------1--1--
1--17~~\---1----1-----+---l- ~~~~~me ---1 

20 '---'---"--+--+----!--- Vee 0 - -10 Vdc ---1 

\] 
::;:; IO '---'---'--'1---+----1------1-----+---' 

i ~ 
<i L"" TUNED AND NEUTRALIZ£D 1'_ 

i.-.-+-- @le· - -3 mAdc _J_I___, ""-"-..l----'----' 

-- IO l-__JL____J--J----l----1----1----l---I 

-20 L-__JL___J_--1. _ __j_ _ __J__ _ _.._ _ __,___, 

0 -5.0 -10 -15 

le, COLLECTOR CURRENT lmAl 

MAG & MAXIMUM NF versus FREQUENCY 

o~-11~~---------~ 10 
N3783 

40, 1---41"\-1'1-1',1-1----l----1-----1---l---l-~l-l-W 8.0 

~MAG= ~ -L__i--1--1-.J....W J.O 
I ""-..1 4g; •• g.,, 

0' l-l-L-l-l.-1--''1...---1---1---1---l---l--l-l-¥-IJ.i 6.0 

~ Ll-L-LI..L._.Lv-''-'~'-..L.--1..--1..-LJLl_J_J 5.0 

TYPICAL GAIN 1._ v 
ol-1-L~'E:•~:;crm="'ccEc_t "-----1---+L'---".;_+-+l-L-W-l<.o 

'--'-'-'-1-'"-----'--"---'---1>~~..!-J_J--U 30 

NFIRg 50121 .Y ~ 
o ~-1=l::l:±±=:=i=:::+:::-::-l---L---L--l-ll>U2.o 

Q'--!-L.LL.!__1--'--.l_-'--L...LL.L..LJO 
50 70 100 200 300 500 700 1000 

f, FREQUENCY (nlcl 

-20 

CONTOURS OF CURRENT-GAIN 
BANDWIDTH PRODUCT - fr 

le, COLLECTOR CURRENT !mAJ 

NOISE FIGURE versus SOURCE RESISTANCE 

2N3783 
f=200mc 

I-- Vce=-lOVdc +-+----1--+----l---I--

~~ 
"' 2.0 l-+""'l"'~@l.::~;;;..,::1:::~......,e'.'.:_+-4-
jj 

"" 
LO l--+--+---1---+-+-+--+---l---+--+--

Ol--'---'--'--'-1....l...--J.._-'---'--'---' 
40 50 70 100 200 300 400 500 

R,, SOURCE RESISTANCE (ohms) 
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--Motorola High-Frequency Transistors --

Vceo=60V 
lc=50mA 

HFe = 150 & 300 min.@ 100 /LA 
NF= 1.5-2.5 db@ 10 kc 

PNP silicon annular transistors for low-"level, low
noise amplifier applications. 

CASE 22 
(T0-18) 

MAXIMUM RATINGS 

Characteristics 
Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation @ Tcf = 
Derating Factor Above 250 

Total Device Dissipation @ ~ = 
Derating F .ictor Above 25° 

Junction Operating Temperature 

Storage Temperature Range 

Symbol 

VcBo 

VcEo 

VEBO 

1c 
25°c PD 

25°c PD 

TJ 

Tstg 

Rating Unit 
60 Vdc 

60 Vdc 

5 Vdc 

50 mAdc 

1.2 Watts 
6.9 mw/0c 

0.36 Watt 
2.06 mW/°C 

200 Oc 

-65 to +200 Cc 

NOISE FIGURE versus FREQUENCY AND SOURCE RESISTANCE 

14~ 1 N~ ve,rsu,s Rg 2N3798 
NF versus f 

121--'.+-+-+-+-+---l-+-+-+-+-'--+-+-l't-t,~ 

10 J---tli....--+-+-+-+-t-+-+-+--+---t-lt_i-r'-t-t 

~ I}_ I 

14 .---.-.--~-r-~ .. -..-.--.-.--.1rn 
N~ v~ral;'s Ra: 2NJ799 
NF versus f 

121S .L1~' 
IO l-..+-+-~-+-t-+-+-+--+---+--+7-+t~ 

~ ~ VI 

H ~_.....--..., p 12'. i.-
J_ o~~~~J_-~~~~~-~~~ 

0.1 0.2 0.3 0.50.7 1.0 2 3 5 7 lO 20 30 50 70100 0.1 0.2 0.3 0.50.71.0 2 3 5 7 IO 20 30 5070100 
f, FREQUENCY !kc land R9 , SOURCE RESISTANCE(kohms) f, FREQUENCY!kcl and R9 , SOURCE RESISTANCE(kohms) 
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--Motorola High-Frequency Transistors --

2N3798, 2N3799 (continued) 

ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 

0..-actlristics Symlioi Min Typ Mu Unit 

Colleotor<-Bue Brealldown Voltage BVCllO Vdc 
(Jc • 10 p.Adc1 11: • O) 80 

Collectm-Emltter Breakdown Voltage BVcm Vdc 
(re • 10 mAdc, ls • O) 80 .. 

Emitter-Bue Breala:lo1m Voltqe BVoo Vdc 
(lg • 10 .Ade, le • O) 

ColleC!tor Cutoff Current JcBO ·-(Yes. 10 Vdc, ... O) .010 
(VCll "'50Vclc, 1g • O, TA• lllio°C) 10 

Emitter cutaa' Current IBBQ .-
(YOB • < Vdc, le• O) .. 

Collector--Emltter Saturatlca Voltl.le• Vcg(lat.)• Vdc 
(Jc • 100 p.Adc, ls • 10 .PAdc) ..• 
(Jc = 1 mMc, 18 .. 100 l'Adc) .... 

Bue-Emitter Saturatloa Voltqe• VeB(llat)* Vdc 
Uc .. 100 1.1Ac1c, 18 • 10 pAdc) ... 
<re ............ = ....... ) 0,8 

DC Forward CUrrent Traufer Ratio• ..... 
Uc .. l 1.1Adc, Yes .. I Vele) ....... .. 
Uc • 10 p.Adc, Yes .. IS Vdc) IN3'198 100 ....... ... 
Uc - 100 1&Adc, Veg• I Vdcj ....... 180 ....... . .. 
(le - 100 pAdc, Yes - 15 Vele, TA - -llOcJ ....... .. ....... 180 

Uc • BOO iiAdc, Veg= 5 Vele) BN3'98 180 ... 
IN3'199 ... ... 

CJc ., 1 mAdc, Veg "'I Vdc) ZN3'188 180 ....... ... 
Uc = 10 mAdc, Yes .. 5 Vdc) 2N3'188 115 ....... 180 

Bue Emitter "ON" Voltage VBB(OM) I -
Vdc 

(Jc; .. 100 µ.Ade, Veg ,. 5 V} ... 
output Capacibmce c .. pl 

(VCll •I Vele, lg= O,f • lOOkc) 

klput Clpaeitance 
CVoe .. 0.5 Vele, Jc • O, f • 100 kc) 

c,. pl 

Small stana1 Current Gain ... 
Uc• aoo,.A,VcE "'SV,f• some) 1.0 

Uc • 1 mA, V CE • 5 V, f • 100 me) 1.0 
{Jc• lmA,VcE• lOV,f .. lkc) ...... 8 ... ... 

ZN3'199 ... ... 
Voltage Feedback Ratio .... .x10·4 
Uc· 1.omA,YeE·" lOY,f• 1.1cc) .. 

Input Impedance .... ...... 
Uc • 1.0 mA, YeE • 10 V, f • 1 ke) ....... • •• ....... ID .. 

Output· Admittance ... . ..... 
Uc • 1,0 mA, Ye E • 10 Y, f • 1 kc) 80 

Nollle l'tpre NF .. 
<1f .. 100,,.A, Yes• 10Y,Ra. IK ), 

•lOOcp.1• 8N8'198 • IN8'199 ... 
f •1 tc IH3'198 1.1 • ....... 0.8 I.I 

f •lOke 2H3718 1.0 I.I ....... 0.8 I.I 

NolleBmhddtb 10 cpl to 11., Ire ...... 8 I.I ... ....... I.I ... 
• PUlH Tut :S IOO JI.He, dut)' CJCle :s: II Vos - Bue-Emltter Rner .. Btu 
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-- Motorola High-Frequency Transistors --

2N3818 Gpe= 7 db@ 100 Mc Typ 
P0 = 15 W@ lOOMc 

NPN silicon annular transistor for high-frequency 
power applications to 150 Mc. 

CASE 36 
(T0-60) 

MAXIMUM RATINGS 

Characteristic 
r Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector-Current (continuous) 

Base-Current (continuous) 

Power Input (Nominal) 

Power Output (Nominal) 

Total Device Dissipation 
@ 25 °C Case Temperature 

Derating Factor above 25°C 

Junction Temperature 

storage Temperature 

Symbol 

VCBO 

VCES 

VEB 

IC 

IB 

P. m 

Pout 

PD 

TJ 

Tstg 

Rating Unit 

60 Vdc 

60 Vdc 

4 Vdc 

2. 0 Ade 

1. 0 mAdc 

5. 0 Watts 

20. 0 Watts 

25. 0 Watts 

167 mW/°C 

175 oc 

-65 to +175 oc 

Note 1. The maximum ratings as given for DC conditions can be exceeded on a pulse basis. See electrical 
characteristics. 

POWER OUTPUT versus FREQUENCY 
25 .. 

!:: 
~ 20 .. 
~ 15 

8 .. 
" 10 

~ 
1---- Pin • 3W 

0 
10 

l 
20 

~ 
l. vee - 25v I\ 

vee • l5V 

~ J. .LU. 

50 100 200 300 
f, FREQUENCY (me) 
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--Motorola High-Frequency Transistors --

2N3818 (continued) 

ELECTRICAL CHARACTERISTICS (at 25'C case temperature unless otherwise noted) 

Characteristic Symbol Minimum Tnilcal Mui11um unn 
Collector-Emitter Sustain Voltage V CES(sus)* -- Vdc 

IC = 0. 25 Ade, RBE = 0 SC 100 

Collector-Emitter-Open Base Sustain VCEO(sus)* Vdc 
Voltage 

le = o. 25 Ade, 1a = o 40 -- --
Collector-Emitter Current 1CES mAdc 

vcE=60Vdc, VBE=O -- -- 0.5 

vcE=50Vdc; VBE=O, Tc=l75'C -- -- 1.0 

Collector Cutoff Current 1CBO µAde 

V CB = 50 Vdc, 1E: = 0 -- -- 1 

Emitter Cutoff Current 1EBo µAde 

VEB = 4 Vdc, le= 0 -- -- 100 

DC Current Gain hFE 
le= 400 mAdc, V CE= 2 Vdc 5.0 -- 50 

IC = 1 Ade, V CE = 2 Vdc 5.0 -- --

Collector-Emitter Saturation Voltage VCE(sat) Vdc 

le= 1.0 Ade, 1a = 250 mAdc -- -- 0.5 

Base-Emitter Saturation Voltage VBE(sat) Vdc 

1c = 1. 0 Ade, 1a = 250 mAdc -- -- 2.0 

AC Current Gain ihfel 
VCE = 2.0 Vdc, IC= 400 mAdc, 

f = 50 me 3 -- --
Collector Output Capacitance cob 

V CB = 25 Vdc, 1E: = o, f = 100 kc -- -- 40 pf 

Power Input Pout = 15 W, f = 100 me pin -- 3.0 3. 75 Watts 

VCE = 25 Vdc 

Efficiency IC(max.) = 1 Ade 17 60 70 -- % 

*Pulse Measurement: Pulse Width.,; 100 µsec, Duty Cycle = 2%. 
POWER OUTPUT versus COLLECTOR. VOLTAGE 

20 ., ,... ,... 
< 
~ 

., 
~ 
~ 151-----f---_,f-

,... 
"' .. ~ ,... 
5 § 101------+----..IF-----l---==--+o:::::=-----1 

"' ., 
~ .. 
~ .. 

30 
COLLECTOR-EMITTER VOLTAGE (VOLTS) 

"' ., 
~ 5t---..... ~.---+-----t-
.. ~ 

P10, POWER INPUT (WATTS) 
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--Motorola High-Frequency Transistors --

Mcs2135, Mcs2136 Yceo=60V 
lc=SOmA 
Cob=3 pf 
NF = 3-4 db @ 15.7 kc 

NPN silicon annular transistors in a micro-ceramic 
package for general-purpose, low-current switching 
and amplifier applications. 

CASE 37 

MAXIMUM RATINGS 

Characteristic Symbol Maximum Unit 

Collector-Base Voltage VCBO 75 Vdc 

Collector-Emitter Voltage VCEO 60 Vdc 

Emitter-Base Voltage VEBO 6 Vdc 

Collector Current Ic 50 mAdc 

Total Device Dissipation @ TA = 25" C PD 150 mW 

De rating Factor Above 25 • C 1. 5 mW/"C 

Junction Temperature, Operating TJ +125 ·c 

Storage Temperature Range Tstg -65 to +125 ·c 
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--Motorola High-Frequency Transistors --

MCS2135, MCS2136 (continued) 

ELECTRICAL CHARACTERISTICS c2s•c Ambient unless otherwise noted) 

Characteristic Symbol Minimum Maximum Unit 
Collector-Base Breakdown Voltage BVCBO Vdc 

(IC = 10 µAde, IE = 0) 75 -

Collector-Emitter Breakdown Voltage* BVCEO * Vdc 
(IC = 10 mAdc, IB = 0) 60 -

Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE = 10 µAde, IC = 0) 6 -

Collector Cutoff Current ICBO µAde 
(V CB = 50 Vdc, IE = 0) - . 010 

(V CB= 50 Vdc, IE = 0, TA = 100°C) - 2.0 

Emitter Cutoff Current ~BO nAdc 
(VEB = 5 Vdc, IC= 0) - 20 

DC Current Gain* hFE * -
(IC = 1 µAde, V CE= 5 Vdc) MCS2136 30 -
(IC = 10 µAde, V CE = 5 Vdc) MCS2135 40 -

MCS2136 100 -
(IC = 10 µAde, V CE = 5 Vdc) MCS2135 100 300 

MCS2136 250 750 
(IC= lOµAdc, VCE = 5 Vdc, TA= -55°C) MCS2135 50 -

MCS2136 125 -
(IC= 1. 0 mAdc, V CE = 5 Vdc) MCS2135 150 -

MCS2136 250 -
(IC = 10 mAdc, V CE = 5 Vdc) MCS2135 150 -

MCS2136 250 -
Collector-Emitter Saturation Voltage* v , ·* Vdo 

(IC = 10 µAde, IB = 10 µAde) 
C1'\sat) - o. 3 

(IC = 1. 0 mAdc, IB = 100 µAde) - o. 5 

Base-Emitter Saturation Voltage* VBE(sat) * Vdc 
(le = 100 µAde, 1s = 10 µAde) - o. 7 

(IC = 1. 0 mAdc, IB = 100 µAde) - 1. 0 

Base-Emitter On Voltage VBE(on) Vdc 
(le = 100 µAde, v CE = 5. 0 Vdc) - 0. 7 

High-Frequency Current Gain hfe -
(IC = 500 µAde, V CE = 5 Vdc, f = 30 me) 1. 0 -
(IC = 1. 0 mAdc, V CE = 5 Vdc, f = 100 me) 1. 0 -

Output Capacitance cob pf 
(V CB = 5. 0 Vdc, IE = 0, f = 100 kc) - 3. 0 

Input Capacitance cib pf 
(VEB = O. 5 Vdc, IC= 0, f = 100 kc) - 8. 0 

Small Signal Current Gain hfe -
(IC = 1. 0 mAdc, V CE = 5. 0 Vdc, f = 1 kc) MCS2135 80 450 

MCS2136 150 900 

Input Impedance h. kohms 
''11(: '= 1. 0 mAdc, V CE= 5. 0 Vdc, f = 1 kc) MCS2135 ie 3 20 

MCS2136 5 25 

Voltage Feedback Ratio h Xl0=4 
(le = 1. O mAdc, V CE = 5. O Vdc, f = 1 kc) re - 25 

Output Admittance h µmhos 
(IC = 1. 0 mAdc, V CE = 5. 0 Vdc, f = 1 kc) oe - 50 

Noise Figure (Power Bandwidth = 15. 7 kc) NF db 
(IC = 10 µAde, V CE = 5 Vdc, Rg = 10 kohms) MCS2135 - 4 

MCS2136 - 3 

*Pulse Test: PW ;:; 300 µsec, Duty Cycle ;:; 2% 
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- Motorola High-Frequency Transistors --

Mcs2137, Mcs2138 Vceo=60V 
le= 50mA 
Cob=3 pf 
NF = 3-4 db @ 15.7 kc 

PNP silicon annular transistors in a micro-ceramic 
package for general-purpose, low-current switching 
and amplifier applications. 

CASE 37 

MAXIMUM RATINGS 

Characteristic Symbol Maximum Unit 

Collector-Base Voltage VCBO 60 Vdc 

Collector"Emitter Voltage VCEO 60 Vdc 

Emitter-Base Voltage VEBO 5 Vdc 

Collector Current IC 50 mAdc 

Total Device Dissipation @TA = 25° C PD 150 mW 

Derating Factor Above 25° C 1. 5 mw/•c 

Junction Temperature, Operating TJ +125 ·c 

Storage Temperature Range Tstg -65 to +125 ·c 
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--Motorola High-Frequency Transistors --

MCS2137, MCS2138 (continued) 

ELECTRICAL CHARACTERISTICS (25'C Ambient unless otherwise noted) 

Characteristic Symbol Minimum Maximum Unit 
Collector-Base Breakdown Voltage BVCBO Vdc 

(IC = 10 µAde, IE = 0) 60 -
Collector-Emitter Breakdown Voltage* BVCEO* Vdc 

(IC = 10 mAdc, IB = O) 60 -
Emitter-Base Breakdown Voltage BVEBO Vdc 

(IE = 10 µAde, le = 0) 5 -

Collector Cutoff Current ICBO µAde 
(V CB = 50 Vdc, IE = O) - . 020 

(V CB = .. 50 Vdc, IE = 0, TA= 100°C) - 2. 0 

Emitter Cutoff Current IEBO nAdc 
(VEB = 5 Vdc, IC= 0) - 20 

DC Current Gain* "FE • -
(IC= lµAdc, V CE= 5 Vdc) MCS2138 50 -
(IC = 10 µAde, V CE = 5 Vdc) MCS2137 .75 -

MCS2138 200 -
(IC = 10 µAde, V CE = 5 Vdc) MCS2137 100 300 

MCS2138 250 750 
(IC = 10 µAde, V CE = 5 Vdc, TA= -55'C) MCS2137 50 -

MCS2138 125 -
(IC = 1. 0 mAdc, V CE = 5 Vdc) MCS2137 100 -

MCS2137 250 -
(IC = 10 mAdc, V CE = 5 Vdc) MCS2138 100 -

MCS2137 250 -
Collector-Emitter Saturation Voltage• VCE(sat) • Vdc 

(IC = 10 µAde, IB = 10 µAde) - 0.20 

(IC = 1. 0 mAdc, 1a = 100 µAde) - 0.25 

Base-Emitter Saturation Voltage* VBE(sat) • Vdc 
(IC = 100 µAde, IB = 10 µAde) - o. 7 

(IC = 1. 0 mAdc, 1a = 100 µAde) - 0. 8 

Base-Emitter On Voltage VBE(on) Vdc 
(IC = 100 µAde, V CE = 5. 0 Vdc) - 0.7 

High-Frequency Current Gain hfe -
(IC = 500 µAde, V CE = 5 Vdc, f = 30 me) 1. 0 -
(IC = 1. 0 mAdc, V CE = 5 Vdc, f = 100 me) 1. 0 -

Output Capacitance cob pf 
(V CB = 5. 0 Vdc, IE = O, f = 100 kc) - 3. 0 

Input Capacitance cib pf 
(VEB = O. 5 Vdc, IC= 0, f = 100 kc) - 8. 0 

Small Signal Current Gain hfe -
(IC = 1. 0 mAdc, V CE = 5. 0 Vdc, f = 1 kc) MCS2137 100 450 

· MCS2138 300 900 

Input Impedance hie kohms 
(IC = 1. 0 mAdc, V CE = 5. 0 Vdc, f = 1 kc) MCS2137 3 15 

MCS2138 10 40 

Voltage Feedback Ratio hre 
Xl0-4 

(IC = 1. 0 mAdc, V CE = 5. 0 Vdc, f = 1 kc) - 25 

Output Admittance MCS2137 h 60 µmhos 
(IC = 1. 0 mAdc, V CE = 5. 0 Vdc, f = 1 kc) oe 

MCS2138 - '60 

Noise Figure (Power Bandwidth= 15. 7 kc) NF db 
(IC = 10 µAde, V CE = 5 Vdc, R = 10 kohms)MCS2137 - 4 

g MCS2138 - 3 

*Pulse Test: PW ~ 300 µsec, Duty Cycle ~ 2% 
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812 VcEs = 60 V 
MF GPE= 8 db@ 30 Typ 
~ P0 =30W@30Mc 

CASE 1 r NPN silicon annular transistor for high-frequency amplifier 
(T0-3) and oscillator applications. 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Collector-Base Voltage VCBO 60 Vdc 
Collector-Emitter Voltage 

VCES 60 Vdc 

Emitter-Base Voltage VEE 3 Vdc 

Collector Current (Continuous) IC 4 Ade 

Base Current (Continuous) IB 2.0 Ade 

Total Device Dissipation PD 60 Watts 
(25°C Case temperature) 400 mW/°C 
(Derating Factor above 25°C) 

Junction Temperature TJ 175 oc 
Storage Temperature Tstg -65 to +175 oc 

ELECTRICAL CHARACTERISTICS (At 25°c) 

Characteristic Symbol Min Typ Max Unit 

Collector-Cutoff Current (V CB = 30 Vdc, IE = 0) 1CBO - - 5 µAde 

Collector-Emitter Cutoff Current 1CES - - 2. 0 mAdc 
(VcE=60Vdc, VBE=O) 0 

(VcE= 50 Vdc, VBE = 0, Tc= 150 C) - - 4. 0 
Emitter-Cutoff Current 1EBO - - 500 µAde 

(VEB = 3 Vdc, IC= 0) 

Collector-Emitter Sustaining Voltage VCES(sus) 80 120 - Vdc 
(le = o_ 250 A, RBE = 0, PW .s 100 µsec, DC = 2%) 

Collector-Emitter Open-Base Sustaining Voltage VCEO(sus) 40 - - Vdc 
(le = o_ 250 A, IB = 0, PW~ 100 µsec, DC = 2%) 

DC Current Gain hFE 2. 5 - 50 -
(lc=2Adc, vcE=2Vdc) 
(I = 4 Ade, V = 2 Vdc) 

Collfctor-EmitteF~turation Voltage VCE(sat) - - 0. 5 Vdc 
(IC = 4. 0 Ade, IB = 2 Ade) 

Base-Emitter Saturation Voltage VBE(sat) - - 2.0 Vdc 
(IC = 4. 0 Ade, IB = 2 Ade) 

High-Frequency Current Gain hfe 2.0 - - -
(IC= 2 Ade, VCE = 2 Vdc, f = 25 Mc) 

Output Capacitance cob - - 150 pf 
(VCB = 25 Vdc, IE= 0, f = 100 kc) 

Power Input pin - - 6 Watts 
(P 0 = 30 W, f = 30 Mc, v CE= 25 Vdc, Ic(max) = 2. 4 A) 

Efficiency ~ 50 80 - % 
(P 0 = 30 W, f = 30 Mc, V CE = 25 Vdc, IC(max) = 2. 4 A) 

Power Gain Ge 7.0 8.0 - db 
(P 0 = 30 W, f = 30 Mc, v CE = 25 Vdc, lc(max) = 2. 4 A) 
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MF832 Vces = 60 V 
Gpe= 8 db@ SOTyp 
Po = 30 W @ 50 Mc 

CASE 1 ~ NPN silicon annular transistor for high-frequency amplifier 
(T0-3) and oscillator applications. 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Collector-Base Voltage VCBO 60 Vdc 

Collector-Emitter Voltage VCES 60 Vdc 

Emitter-Base Voltage VEB 3 Vdc 

Collector Current (Continuous) IC 3.0 Ade 

Base Current (Continuous) IB 750 mAdc 

Total Device Dissipation PD 40.0 Watts 
(25°C Case temperature) 266 mW/"C 
(Derating Factor above 25°C) 

Junction Temperature TJ 175 oc 
Storage Temperature Tstg -65 to +175 oc 

ELECTRICAL CHARACTERISTICS 

Characteristic Symbol Min Typ Max Unit 

Collector-Cutoff Current (VCB = 30 Vdc, IE= 0) 1CBO 1- - 2 µAde 

Collector-Emitter Cutoff Current ICES - - 0. 5 mAdc 
(VCE = 60 Vdc, VBE = 0) 

(VCE = 50 Vdc, VBE = 0, Tc= 150°C) - - 2. 0 

Emitter-Cutoff Current 1EBO - - 500 µAde 
(VEB = 3 Vdc, IC = O) 

Collector-Emitter Sustaining Voltage VCES(sus) 80 120 - Vdc 
(le = 0. 250 A, RBE = 0, PW .s 100 µsec, DC = 2%) 

Collector-Emitter Open-Base Sustaining Voltage VCEO(sus) 40 - - Vdc 
(IC = 0. 250 A, 18 = 0, PW.'.': 100 µsec, DC = 2%) 

DC Current Gain hFE 2. 5 - 50 -
(IC= 2 Ade, VCE = 2 Vdc) 

(IC= 2 Ade, VCE = 2 Vdc) 2.5 - -

Collector-Emitter Saturation Voltage VCE(sat) - - 0.5 Vdc 
(le = 2. 0 Ade, IB = 1 Ade) 

High-Frequency Current Gain hfe 2. 0 - - -
(IC = 800 mAdc, V CE r 2. 0 Vdc, f = 50 Mc) 

Output Capacitance cob - - 100 pf ' 
(VCB = 25 Vdc, IE= 0, f = 100 kc) 

Power Input P. - - 6.0 watts 
(P 0 = 30 W, f = 50 Mc, VCE = 25 Vdc, IC(max) = 2 A 

lil 

Efficiency ~ 60 80 - % 
(P 0 = 30 W, f = 50 Mc, V CE = 25 Vdc, IC(max) = 2 A 

Power Gain Ge 7 8.0 - db 
(Po = 30 W, f = 50 Mc, VCE = 25 Vdc, IC(max) = 2 A 
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I 

-- Motorola High-Frequency Transistors --

MM1941 Ge = 9 db @ 175 Mc 
P0 =100mW@175Mc 

CASE22\ 
NPN .silicon annular transistor for high-frequency 

power oscillator, multiplier and driver applications. 

(T0-18) 

MAXIMUM RATINGS (at 25°C case temperature unless otherwise noted) 

Characteristic Symbol Rating Unit 

Collector-Base Voltage VCBO 30 Volts 

Collector-Emitter Voltage VCES 30 Volts 

Emitter-Base Voltage VEB 3.0 Volts 

Base Current 1a 30 mAdc 

Collector Current 1c 200 mAdc 

Input Power pin 100 mW 

Output Power Pout 250 mW 

Power Dissipation @ TC • 25• C Pc* 600 mW 
De rate above 2 5 • C 4. 0 mW/'C 

Power 'oissipation @ TA - 25' C Po* 300 mW 
Derate above 25' C 2.0 mW/'C 

Junction Temperature TJ 175 ·c . 
Storage Temperature Tstg -65 to +175 ·c 

*See Sale Area Curve 

ELECTRICAL CHARACTERISTICS (at 25°C ambient temperature unless otherwise noted) 

Characteristic Symbol Test Conditions Min Typ Max Unit 

Collector-Emitter VCES(susi* IC = 15 mA, RBE = 0 30 40 - Volts 
Sustain Voltage 

Collector-Base BVCBO le = 100 µAde, IE = 0 30 40 - Volts 
Breakdown Voltage 

Collector Emitter-Open BVCEO(sus~ IC = 15 mA, IB = 0 20 - - Volts 
Base Sustain Voltage 

Collector Cutoff Current 1CBO V CB = 15 Vdc, IE = 0 - o. 01 o. 1 

v CB= 15 Vdc, IE= 0, Tc = lOO'C - - 25 µAde 

Emitter Cutoff Current 1EBO v EB = 3 Vdc, le = 0 - 0.1 10 µAde 

DC Current Gain hFE le= 10 mAdc, v CE= 10 Vdc 25 50 - -

AC Current Gain 
jhfel 

v CE= 10 Vdc, le = 10 mAdc 6 8 - -
f=lOOmc 

Collector Output cob V CB= 15 Vdc, IE= O, f. 100 kc - - 2. 5 pf 
Capacitance 

Power Output p 
out Pin• 20 mW max, f - 175 me 100 - - mW 

8-244 



--Motorola High-Frequency Transistors --

MM 1941 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic Symbol Test Conditions Min Typ Max Unit 

Power Gain G e V CC - 13. 6 Vdc, le (max) • 25 mA 7 9 - r---;u;-

Power Output p 
out f = 80 me, V CC• 13. 6 Vdc, - 50 - mW 

(Oscillator) 
le (typ) • 20 mAdc 

Power Gain (Multiplier) Ge fin• 80 me, fout • 240 me - 3 - db 

V CC = 13. 6 Vdc, Pout= 30 mW 

le (typ) • 25 mAdc 

•Pulse Test: PW = 100 µsec; DC = 2% 
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--Motorola High-Frequency Tran~!stors --

MM1943 G0 = 9db@ 175 Mc 
P0 =300 mW@ 175 Mc 

CASE22 ~· 
(T0-18) \\ 

NPN silicon annular transistor for high-frequency 
multiplier and driver applications. 

MAXIMUM RATINGS (at 25°C case temperature unless otherwise noted) 

Characteristic Symbol Rating Unit 

Collector-Base Voltag~ VCBO 40 Vdc 

Collector-Emitter Voltage VCES 40 Vdc 

Emitter-Base Voltage VEB 3.0 Vdc 

Base Current IB 30 mA 

Collector Current re 200 mA 

Input Power Pin 100 mW 

Output Power Pout 400 mW 

Device Dissipation@ Tc = 25°C Pc• 600 mW 
Derate above 2s0 c 4.0 mW/°C 

Device Dissipatiog @ TA = 25°C Po* 300 mW 
Derate above 25 C 2 mW/°C 

Junction Temperature TJ + 175 OC 

Storage Temperature Range Tstg -65 to +175 oc 

ELECTRICAL CHARACTERISTICS (at 25°C ambient temperature unless otherwise noted) 

Characteristic Symbol Test Conditions Min Typ Max Unit 

Collector-Emitter V CES(sus)* IC = 15 mA, RBE = 0 40 50 - Volts 
Sustain Voltage 

Collector-Base BVCBO le = 100 µAde, IE = 0 40 45 - Volts 
Breakdo\vn Voltage 

Collector Emitter-Open BV CEO(sus) ~ IC = 15 mA, IB = 0 20 - - Volts 
Base Sustain Voltage 

Collector Cutoff Current 1coo V CB= 15 Vdc, IE = 0 - o. 01 o. 1 

V CB= 15 Vdc, IE = O, TC = l0?°C - - 25 µAde 

Emitter Cutoff Current 1EBO v EB = 3 Vdc, le = 0 - 0.1 10 µAde 

DC Current Gain hFE le= 10 mAdc, V CE= 10 Vdc 25 50 - -

AC Current Gain 
lhrel 

v CE = 10 Vdc, le = IO mAdc 5 7 - -
f=lOOmc 

Collector Output cob V CB= 15 Vdc, IE = 0, f • 100 kc - - 4 pf 
Capacitance 

Power Output p 
out Pin.-47.5mW max, f • 175 me 300 - - mW 
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-- Motorola High-Frequency Transistors --

MM 1943 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic Symbol Test Conditions Min Typ Max Unit 

Power Gain G Yee= 13.6 Vdc, IC(max) =13.6mA 8 9 - db e 

Efficiency ~ 45 55 - % 

Power Gain (Multiplier) G fin• 80 me, fout = 240 me - 3 - db 
e 

Ycc=13.6Vdc, Pout~1omw 

Ic (typ) = 20 mAdc 

*Pulse Test: PW = 100 µsec; DC = 2% 
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--Motorola High-Frequency Transistors --

MM2503 

CASE 22 
(T0-18) \ 

MAXIMUM RATINGS 

Cbaracteristic 

Collector-Base Voltage 

Vcao=30V 
G.=20db @200Mc 

PNP germanium annular transistor for high-gain, 
low-noise amplifier, oscillator and frequency multi
plier applications. 

Symbol Ratln& Unit 

VCBO -30 Vdc 

Collector-Emitter Voltage VCES -30 Vdc 

Collector-Emitter Voltage VCEO -15 Vdc 

Emitter-Base Voltage VEBO -0. 5 Vdc 

Collector Current IC -20 mA 

Total Device Dissipation PD 75 mW 
(25° C Ambient Temp.) 

mW/'C Derate above 25° C 1. 0 

Junction Temperature TJ +100 'C 

Storage Temperature Tstg -65 to +100 'C 
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- Motorola High-Frequency Transistors -

MM2503 (continued) 

ELECTRICAL CHARACTERISTICS (at 25°C case temperature unless otherwise noted) 

Cllaracterlstlc $Jmllol Mlnlln1m llulma11 TrPlcal 

Collector -Base Breakdown Voltage BVCBo -30 Vde 
IC = -lOOµAde, IE = 0 

Collector-Emitter Breakdown Voltage BVCES -30 Vdc 
le = -lOOµAdc, v BE = 0 

Collector-Emitter Breakdown Voltage BVCEO -15 Vde 
IC = -lmAde, IB = 0 

Emitter-Base Breakdown Voltage BVEBO -0. 5 Vdc 
IE = -lOOµAdc, IC = 0 

Collector-Cutoff Current 1cBO 
V CB= -6Vde -10 µAde 

V CB= -6Vdc, TA = +55' C -100 µAde 

DC Forward Current Ratio hFE 20 
v CE = -6Vdc, le = -3mAde 

Collector-Emitter Saturation Voltage VCE(sat) -0.2 Vdc. 
IC = -3mAde, IB = -0. 3mAde 

Base-Emitter Saturation Voltage VBE(sat) -o. 7 Vde 
le = -3mAde, IB = -0. 3mAde 

Small Signal Forward Current Ratio hfe 25 
v CE = -6Vdc, le = -3mAdc, f = lKC 

Collector-Base Capacitance cob 2.0 pf 
V CB= -6Vde, IE= O, f = lOOKC 

Collector-Base Time Constant rb'Cc 6 psec 
V CB = -6Vdc, IE = +3mAdc, f = 79. BMC 

Current Gain-Bandwidth Product Lr 1000 me I 
v CE = -6Vdc, le= -3mAdc, f = lOOMC 

Power Gain Ge 20 db 
V CE= -6Vdc, IC= -3mAdc, ! = 200MC 

Noise Figure NF 3.0 db 
v CE = -6Vdc, le= -3mAdc 

Rg = 50 !J, ! = 200MC 

Power Gain (AGC) Ge 0 db 
V CE = -5Vdc, IC= ·15mAdc, f = 200MC 
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--Motorola High-Frequency Transistors --

MM2550 VcEo= lOV 
le= lOOmA 
f1 = lOOOMc 
toff = 2.5 nsec 

CME2\ 
PNP germanium epitaxial mesa transistor for high

speed, low-power, current-mode switching applica
tions. 

(T0-18) 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Collector-Base Voltage VCBO -20 Vdc 

Collector-Emitter Voltage VCEO -10 Vdc 

Emitter-Base Voltage VEBO -0. 5 Vdc 

Collector Current Ic -100 mAdc 

Junction Temperature TJ 100 oc 

Storage Temperature Tstg -65 to oc 
+100 

Device Dissipation 
@TC = 25°C PD 300 mW 
Derating factor above 25°C 4 mW/°C 

Device Dissipation 
@TA = 25°C PD 150 mW 

Derating factor above 25° C 2 mW/°C 

ELECTRICAL CHARACTERISTICS (at 25°c case temperature unless otherwise noted) 

Characteristic Symbol Minimum Maximum Unit 

Collector-Base Breakdown Voltage BVCBO Vdc 
(IC = -100 µAde, IE = 0) -20 -

Collector-Emitter Breakdown Voltage BVCEO Vdc 
(IC = -lOmAdc, IB = 0) -10 -

Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE = -100 µAde, IO.= 0) -0. 5 -

Collector Cutoff Current 1coo µAde 
(V CB = -10 Vdc, IE = 0) - -10 

DC Current Gain ~-
hFE -

(IC = -10 mAdc, VCE = -5 Vdc) 20 -

Collector Saturation Voltage V CE(sat) Vdc 
(IC = -10 mAdc, IB = -1. 0 mAdc) - -0. 2 

Base-Emitter Saturation Voltage VBE(sat) Vdc 
(IC = -10 mAdc, IB = -1. 0 mAdc) -0. 3 -0. 7 
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-- Motorola High-Frequency Transistors --

MM2SSO (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic Symbol Minimum Mui mum Unit 

Current Gain-Bandwidth Product fT 
(IC = -5 mAdc, V CE = -10 Vdc, f = 100 me) 1000 

(IC = -10 mAdc, V CE = -5 Vdc, f = 100 me) 1000 

(IC = -15 mAdc, VCE = -2 Vdc, f = 100 me) 1000 

Collector Output Capacitance cob 
Min 

(VCB = -5 Vdc, IE = O, f = 100 kc) -

Collector-Base Time Constant rb' Cc -
(IE = +10 mAdc, V CB = -5 Vdc, f = 31. 8 me) 

Turn-on Time t on 
(IC = -10 mAdc, VCE(on) = -5V) -

Turn-off Time 1off 
(IC = -10 mAdc, V CE(on) = -5V) -

CURRENT MODE SWITCHING TIME CIRCUIT 

v cc=-7V 

tr, tf < lnsec 
R = 50!:l s 

. /lOnsec 

~ 

v~ 
son 

SHIELD 

Typ 

50 

1. 8 

1. 8 

me 

me 

me 

Max pf 
3 

- psec 

nsec 
2.5 

nsec 
2. 5 

re= -25mA 

VCE(onr - 5v 

I 
I 
I 
I 

50!"1 

~1----;.---'~/\,--..;.::i' -, , I 
50!:l ''--J 

FD700 

Resistors -
In Parallel lK a 

VEE= 25, 5V 
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c1 = 150 pf 

c2 = 0.01 µf 

c3 = o. 1 µf 

I 
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--Motorola High-Frequency Transistors --

MM2552 Vceo= lOV 
le= lOOmA fr= 1000 Mc 
toff = 2. 5 nsec 

PNP germanium epitaxial mesa transistor for high
speed, low-power, current-mode switching applica
tions. 

CASE 31 
(T0-.5) 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Junction Temperature 

Storage Temperature 

Device Dissipation 
@TC= 25'C 

Derating factor above 25 'C 

Device Dissipation 
@Tc=25'C 

Derating factor above 25 'C 

Symbol 

VCBO 

VCEO 

VEBO 

Ic 

TJ 

Tstg 

PD 

PD 

Rating Unit 

-20 Vdc 

-10 Vdc 

-0. 5 Vdc 

-100 mAdc 

100 'C 

-65 to 
c +100 

600 mW 

8 mW/'C 

300 mW 

4 mW/°C 

ELECTRICAL CHARACTERISTICS (at 25°C case temperature unless otherwise noted) 

Characteristic Symbol Minimum Maximum Unit 

Collector-Base Breakdown Voltage BVCBO Vdc 
(IC = -100 µAde, IE = 0) -20 

Collector-Emitter Breakdown Voltage BVCEO Vdc 
(IC= -10 mAdc, IB = O) -10 -

Emitter- Base Breakdown Voltage BVEBO Vdc 
(IE= -100 µAde, le= O) -0. 5 -

Collector Cutoff Current 1coo µAde 
(V CB= -10 Vdc, IE= O) - -10 

DC Current Gain hFE -
(le = -25 mAdc, V CE = -5 Vdc) 30 -

Collector Saturation Voltage V CE(sat) Vdc 
(IC = -25 mAdc, IB = -2. 5 mAdc) - -0. 2 

Base-Emitter Saturation Voltage v BE(sat) Vdc 
(IC= -25 mAdc, IB = -2. 5 mAdc) -0. 3 -0. 7 
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-- Motorola High-Frequency Transistors --

MM2552 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic Symbol Minimum Maximum Unit 

Current-Gain, Bandwidth Product f,. 
(IC = -30 mAdc, V CE = -2 Vdc, f = 100 me) 1000 

(IC= -25 mAdc, V CE= -5 Vdc, ! = 100 me) 1000 

(IC= -20 mAdc, V CE= -10 Vdc, ! = 100 me) 1000 

Collector Output Capacitance c 
(V CB= -5 Vdc, IE= 0, ! = 100 kc) 

ob -

Collector- Base Time Constant r •c Min Typ 

(IE = +25 mA, V CB= -5V, f = 31. 8 me) 
b c - 50 

Turn-on Time ton 
(IC= -25 mAdc., V CE( on)= -5 Vdc) - 2. 2 

Turn-off Time to!! 
(IC = -25 mAdc, V CE( on)= -5 Vdc) - I. 8 

CURRENT MODE SWITCHING TIME CIRCUIT 

tr' tf < lnsec 
R ~ 50>1 

s 
/lOnsec 

1-1-1 

v~ 

v cc=-7V 

800 
III 
=c-=-c-=c 1 2 3 

SHIELD 

me 

me 

me 

pl 
3 

Max 
psec 

-

nsec 
3. 5 

nsec 
2. 5 

Ic= -25mA 

VCE(onr - 5v 

I 
I 
I 
I 

500 

H--.... ---'\i"N'v---.,- -- - I ----J 
FD700 

Resistors -
In Parallel lKO 

VEE= 25. 5V 
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C1 =150pf 

c2 = 0.01 µf 

c3 = 0.1 µf 

I 
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--Motorola High~Frequency Transistors --

MM2554 VcEo= lOV 
le= 200 mA 
fr= 1000 Mc 
toff = 2. 5 nsec 

CASE 31 
(T0-5) 

PNP germanium epitaxial mesa transistor for high
speed, low-power, current-mode switching applica
tions. 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Collector-Base Voltage VCBO -20 /de 

Collector-Emitter Voltage VCEO -10 Vdc 

Emitter-Base Voltage VEBO -0. 5 Vdc 

Collector Current IC -200 mAdc 

Junction Temperature TJ 100 oc 

Storage Temperature Tstg -65 to oc 
+100 

Device Dissipation 
@ TC = 25°C PD 750 mW 

Derating factor above 25°C 10 mW/°C 

Device Dissipation 
@TA = 25°C PD 300 mW 

Derating factor above 25° C 4 mW/°C 

ELECTRICAL CHARACTERISTICS (at 25°C case temperature unless otherwise noted) 

Characteristic Symbol Minimum Maximum Unit 

Collector-Base Breakdown Voltage BVCBO -20 Vdc 
(IC = -100 µAde, IE = 0) 

Collector-Emitter Breakdown Voltage BVCEO -10 Vdc 
(IC = -lOmAdc, IB = 0) 

Emitter-Base Breakdown Volta~e BVEBO -0. 5 Vdc 
(IE = -100 µAde, IC = 0) 

Collector Cutoff CurrJnt ICBO -10 µAde 
(V CB = -lOVdc, IE = 0) 

DC Current Gain ,hFE 20 
(IC = -40mAdc, VCE = -5 Vdc) 

Collector Saturation Voltage V CE(sat) -0. 25 Vdc 
(IC = -40mAdc, IB = -4mAdc) 

Base-Emitter Saturation Voltage VBE(sat) -0. 4 -0. 8 Vdc 
(IC = -40mAdc, IB = -4mAdc) 
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--Motorola High-Frequency Transistors --

MM2554 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Cllaracterlsttc Symbol Minimum 

Current-Gain', Bandwidth Product f-r 
(IC = -35mAdc, V CE = -lOVdc, f = lOOMC) 1000 

(IC = -40mAdc, V CE = -5Vdc, f = lOOMC) 1000 

(IC = -45mAdc, V CE = -2Vdc, f = lOOMC) 1000 

·.Collector OUtput Cap'\eitance 
(V CB = -5Vdc, IE ~ O, f = lOOKC) 

cob 

Collector-Base Time Constant r 'C Min 
b c 

{IE = +40mAdc, V CB = -5Vdc, f = 31. BMC) 

Turn-on Time t 
(IC = -40mAdc, V CE(on) = -5Vdc) on 

Turn-off Time toff 
(IC = -40 mAdc, V CE(on) = -5Vdc) 

CURRENT MODE SWITCHING TIME cmcUIT 
vcc=-7V 

tr' tf < lnsec 
R = 500 

s 
. /lOnsec 

1--L..! 

v~ 
800 

SHIELD 

Typ 

50 

2. 4 

1. 6 

Muim1m Unit 

me 

me 

me 

4 Pf 

Max psec 

3. 5 nsec 

2. 5 nsec 

Ic= -25mA 

VCE(onf - 5V 

I 
I 
I 
I 

500 

()o!~....,.-~ ...... "V!l"'~~..;.::i~~~~ I 
500 ----J 

FD700 

Resistors -
In Parallel lKO 

VEE= 25.5V 
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c1 =150pf 

C2 =0.0l µ.f 

c3 = 0.1 µf 
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--Motorola High-Frequency Transistors --

MM2894 VcEo= 12V 
lc=lOOmA 
hFE= 70 
toFF = 60 nsec 

PNP silicon annular transistors for low-level, high
s peed switching applications. 

CASE 22 
(T0-18) 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collecto.·-Emitter Voltage 

Emitter-Base Voltage 

Total Device Dissipation 
@ 25° C Ambient Temperature 
Derate above 25° C 

Total Device Dissipation 
@ 2 5° C Case Temperature 
Deiate above 2 5° C 

Operating Junction Temperature 

Storage Temperature 

Symbol 

VCBO 

VCEO 

VEBO 

PD 

PD 

TJ 

Tstg 

Rating Unit 

15 Vdc 

12 Vdc 

4.5 Vdc 

0.36 Watt 
2.06 mW/°C 

l. 2 Watts 
6.9 mW/°C 

200 "C 

-65 to 200 oc 

SWITCHING TIME TEST CIRCUIT 

1000 

0.1 v.1 in 
Pulse Source 1000 
Rise Time< lns 
P.W.>200ns -:::: 
z. = 50 0 

in 

8-256 

-2V 

62 Q 

v out 
To Sampling 
Scope 
Rise Time< lns 
Input Z=lOOK 

V. = -7V in 

V. = +6V in 



--Motorola High-Frequency Transistors --

MM2894 (continued) 

ELECTRICAL CHARACTERISTICS (at 25°C case temperature unless otherwise noted) 

Characteristic 

Collector Cutoff Current 
V CB= -6V, IE = 0 

V CB= -6V, IE = 0, TA = 125' C 

Collector-Base Breakdown Voltage 
IC = lOµA, IE = 0 

Collector-Emitter Sustaining Voltage* 
IC = lOmA, lB = 0 

Emitter-Base Breakdown Voltage 
IE = lOOµA, IC = 0 

Collector-Emitter Saturation Voltage 

1c = lOmA, IB = 1. OmA 

IC= 30mA, IB = 3. OmA 

le = lOOrnA, IB = lOrnA 

Base-Emitter Saturation Voltage 

le = lOrnA, IB = 1. OrnA 

IC = 30rnA, IB = 3. OrnA 

IC = lOOrnA, lB = lOmA 

DC Pulse Current Gain* 
IC = lmA V CE = 0. 3v 

IC = lOmA V CE = 0. 3v 

IC = 30mA, V CE = 0. 5v 

le = 30mA, v CE = 0. 5v (-55° C) 

IC = lOOrnA, V CE = 1. OV 

High Frequency Current Gain (f = lOOmc) 
VCE = 100 IC= 30mA 

Output Capacitance 
V CB= -5. OV, IE = O, f = 140KC 

Emitter Transition Capacitance 
VEB = -0. 5V, le= O, f = 140KC 

Turn On Time 
IC = 30mA, !Bl = 1. 5mA 

Turn Off Time 
IC = 30mA, !Bl = IB2 = 1. 5mA 

• Pulse Conditions; length = 300 µsec 
duty cycle ;; 2% 

Symbol 

1CBO 

BVCBO 

V CEO(sust) 

BVEBO 

V CE(sat) 

v BE(sat) 

hFE* 

hfe 

cob 

CTE 

T on 

Toff 

8-257 

Minimum Typical Maximum 

. 08 

10 

-15 

-12 

-4. 5 

-0.15 

-0.1 -0. 2 

-0. 5 

-0.68 -0. 83 

-0. 74 -0. 89 

-1. 7 

25 

30 

40 70 150 

17 

25 

4. 0 

6. 0 

6. 0 

23 60 

34 60 

Unit 

µA 

Vdc 

Vdc 

Vdc 

Vdc 

Vdc 

I 
pf 

pf 

nsec 

nsec 
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--Motorola High-Frequency Transistors --

MM2894 (continued) 

~TYPICAL JUNCTION C.iPACITANCE 

i--:ob 

0.1 O. 5 1 2 10 
REVERSE BIAS (VOLTS) 

500 

200 

100 

50 

30 

20 

vcc = 3 v 
t-T ... 2s0c 

1-/l; -10 

10 
1 

TYPICAL CHARGE DAT A 

Id 
QT kd 

~ 

5 10 20 50 
IC - COLLECTOR CURRENT (mA) 

v 

100 

i.o~~~~~~~~~~~~~~~~;r~ 

TYPICAL COLLECT01!,,1_ 
O---H--+-.,....,tt+++--t-t---+sAT°Rf TION virw. 

0.8 T;~ 

0. 6t+---+t-+-.,....,Htttt---tl+--t-t-++++tt--+-t--t-++++H I 
Jj 0.4 ~ 
~ l f'N 

o,__...__._~l~JJl~ill.__~~~·~lO~mA.........,__..~1~1~ 
. 1 . 2 • 5 1 2 5 10 20 50 100 

IB - BASE CURRENT (mA) 

1. 2 
t-TYP!bAL SA~UIJTION ~OLTAdE 

_j_ 

VBE (SAT) +-+-.8 

.6 
/lp -10 

.4 TJ = 250C 

l_L_j__j_ 

V CE (SA 21-+- Ll1-i 
~l l 

.2 

3%. 1 0.2 O. 5 I 2 5 10 ~O 50 100 
IC - COLLECTOR CURRENT (mA) 

J_ l 
5 10 20 50 

IC - COLLECTOR CURRENT (mA) 
100 

+1.0 

l 
~ 
~ -1.0 .. ., 
8 

-2.0 

TYPICAL TEMPERATURE 8V C (25~ to 1250C) 
COEFF1CIENTS 

r- 6V C {-55DC to 25DC) 

j_ l l 
APPROXIMATE DEVIATION FROM NOMINAL 
9Vc, evB, 0.1 mV/OC 

~ 
~ lB 

20 40 60 80 100 
le - COLLECTOR CURRENT (mA) 
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MPs706 

--Motorola High-Frequency Transistors --

VcEo=15V 
hFE=20 
t1 =60 nsec 

NPN silicon annular, plastic encapsulated transistor 
designed for low-cost, high-speed switching applica
tions. For typical curves, see 2N706 data sheet. · 

CASE 29 

MAXIMUM RATINGS 

Characteristic Symbol Ratin1 Unit 

Collector- BaSe Voltage VCBO 25 Vdc 

Collector-Emitter Voltage VCER* 20 Vdc 

Emitter-Base Voltage VEBO 3 Vdc 

Junction Temperature TJ 125 •c 

Storage Temperature Tstg -55 to +125 ·c 

Total Device Dissipation PD 500 mW 
@ 25 °C Case Temperature 

(Derate 5 mW/°C above 25°C) 

Total Device Dissipation PD 300 mW 
@ 25 °C Ambient Temperature 

(Derate 3 mW/°C above 25°C) 

8-259 
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--Motorola High-Frequency Transistors --

MPS706 (continued) 

ELECTRICAL CHARACTERISTICS (at 25'C case temperature unless otherwise noted) 

Characteristic Symbol 

Collector Cutoff Current 1CBO 
VCB= 15 V, IE= 0· 

Emitter Cutoff Current 1EBO 
V EB = 3 V, IC = 0 

Collector-Emitter Breakdown Voltage* BVCEO* 
IC = 10 mA, IB = 0 

Collector-Emitter Breakdown Voltage* BVCER* 
IC = 10 mA, R = 10.Q 

Forward-Current Transfer Ratio* hFE * 
le = 10 mA, v CE = 1 v 

Base-Emitter Voltage* v BE(sat)* 
le = 10 mA, IB = 1 mA 

Collector Saturation Voltage* V CE(sat)* 
le = 10 mA, IB = 1 mA 

Collector Capacitance cob 
V CB= 10 V, IE= 0 

Small-Signal Forward Current Transfer hfe 
Ratio 

V CE= 15 Vdc, IE= 10 mAdc, f = 100mc 

Base Resistance r' 
V CE= 15 Vdc, IE= 10 mAdc, f = 100mc 

b 

Charge Storage Time Constant .,.. ** 
(See Figure 2) s 

Turn-on Time T ** on 

Turn-off Time Toff ** 

* Pulse Test: PW ,; 12 nsec, Duty Cycle ,; 2% 
**Switching Times Measured with Tektronix Type R 

Plug-In (50 .Q Internal Impedance) and Circuits Shown 

SWITCHING TIME TEST CIRCUIT 

Type R Sampling Resistor 
20!l 

Pulse Volts 
Internal Resistance 

::~~20n~_;:.IV\.l\-.JVU\.o-'-~ 
-2V 

8-260 

Minimum Typical Maximum Unit 

- .005 0. 5 µA 

- - 10 µA 

15 24 - Vdc 

20 - - Vdc 

20 - - -

- - o. 9 Vdc 

- - 0.6 Vdc 

- - 6 pf 

2 4 - -

- - 50 ohms 

- - 60 nsec 

- - 40 nsec 

- - 75 nsec 

STORAGE TIME TEST CIRCUIT 

Yee:::: IOVdc 
(adjust for IOmA) 



--Motorola High-Frequency Transistors --

MPs834 Vceo=30V 
lc=200mA 
toff = 30 nsec 

NPN silicon annular, plastic encapsulated transistor 
for low-cost, high-speed switching applications. For 
typical curves, see 2N834 data sheet. 

CASE 29 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

D. C. Collector Current 

Junction Temperature 

Storage Temperature Range 

Total Device Dissipation 
@ 25 °C Case Temperature 

(Derate 5. o mW/°C above 25°C) 

Total Device Dissipation 
@ 25 °C Ambient Temperature 

(Derate 3. o mW/ 0 c above 25°C) 

TURN-ON AND TURN-OFF 
TIME MEASUREMENT CIRCUIT 

Symbol Rating Unit 

VCBO 40 Vdc 

VCEO 30 Vdc 

VEBO 5 Vdc 

IC 200 mAdc 

TJ +125 ·c 

Tstg -55 to +125 ·c 

PD 500 mW 

PD 300 mW 

CHARGE STORAGE TIME 
CONSTANT MEASUREMENT CIRCUIT 

+lOVdt 

... 
... " O.l,11t 

.rt 
_,......Nlr ...... -'W~f-0 

... 
50 

.... v .. = --4Vd& r--1' 
ov--'----t-

v,.= +21Vde 

'-· 

.,.. 
+llY 

t.,,:Y•• = +18Vde V,0 = -19WC 

••--i.:::j-
NOIE: AU swtTCHING TIMES MEASUIED WITH WlllATION MODEL 420 SWITCHING n• TEST S£T OR EQUIVALENT. 
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- Motorola High-Frequency Transistors -

MPS834 (continued) 

ELECTRICAL CHARACTERISTICS (at 25°C case temperature unless otherwise noted) 

Characteristic Symbol Minimum Typlcal Mulmum Unit 

Collector-Base Breakdown Voltage BVCBO 40 - - Vdc 
IE = O, IC = 10 µAde 

Emitter-Base Breakdown Voltage BVEBO 5 - - Vdc 
le = o, IE = 10 µAde 

Collector Cutoff Current 1CES - - 10 µAde 
V BE = O, V CE = 30 Vdc 

Collector Cutoff Current 1CBO - - o. 5 µAde 
IE = O, V CB = 20 Vdc 

Forward Current Transfer Ratio* hFE * 25 - - -
IC = 10 mAdc, VCE = 1 Vdc 

Collector Saturation Voltage* VCE(sat)* - - 0.25 Vdc 
IC = 10 mA, IB = 1 mA 

Collector Saturation Voltage* VCE(sat)* - - o. 4 Vdc 
IC = 50 mA, IB = 5 mA 

Base-Emitter Saturation Voltage* VBE(sat)* - - o. 9 Vdc 
le = 10 mAdc, IB = 1, o mAdc 

I 
Collector Capacitance cob - - 4 pf 

IE ~ O, V CB = 10 Vdc, f = 100 kc 

Small•Signal Forward Current Transfer hfe 3. 5 - - -
Ratio 
IC = 10 mAdc, V CE = 20 Vdc, f = lOOmc 

Current Gain Bandwidth Product fT 350 - - me 
IC = 10 mAdc, VCE = 20 Vdc, f = lOOmc 

Charge Storage Time Constant Ts - - 25 nsec 

le = 10 mA, IBl = IB2 = 10 mA 

Turn-on Time ton - - 16 nsec 
IC = 10 mA, IBl = 3 mA, IB2 = 1 mA 

Turn-off Time toff - - 30 nsec 
IC = 10 mA, IBl = 3 mA, IB2 = 1 mA 

* Pulse Test:. PW S 12 nsec, Duty Cycle s 2% 
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--Motorola High-Frequency Transistors --

MPs918 
MPS3563 

Ge= 14-15 db@ 200 Mc 
NF= 6 db @ 200 Mc 
Po=30mW@500Mc 

NPN silicon annular, plastic encapsulated transistors 
for low-cost, amplifier and oscillator applications at 
VHF and UHF. 

CASE 29 

MAXIMUM RATINGS 

Characteristic Symbol MPS918 MPS3563 Unit 

Collector-Base Voltage VCBO 30 30 Volts 

Collector-Emitter Voltage VCEO 15 12 Volts 

Emitter-Base Voltage VEBO 3 2 Volts 

Total Dissipation PD Watts 
@ 25 °C Case Temperature o. 5 0. 5 
@ 25 cc Ambient Temperature o. 2 o. 2 

Operating Junction Temperature TJ 125 125 "C 

storage Temperature Tstg -55 to +125 "C 

200 MC POWER GAIN TEST CIRCUIT 

INPUT IMPEDANCE= 500 

l1 - 3.5 TURNS NO. 16 TINNED COPPER WIRE; 5/16" DIA; 7/16" LONG 
TURNS RATIO= 4 TO 2 

b - 8 TURNS NO. 16 TINNED COPPER WIRE;~" DIA;~" LONG 
TURNS RATIO= 8 TO 1 

lJ - MILLER -#4303 (0.4 - 0.65µh) 
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RFC 

L, 

1.5· 7.5pf 

.I .Olµf 

T.001µ1 

_c-t.J> OUTPUT IMPEDANCE = 500 

+Vee 



-- Motorola High-Frequency Transistors --

MPS918, MPS3563 (continued) 

ELECTRICAL CHARACTERISTICS (at 25°C ambient temperature unless otherwise noted) 

Characteristic SJmbol Minimum Muiinum Unit 

Collector Cutoff Current MPS918 ICBO - 10 nA 

V CB= 15V, 'E = 0 MPS3563 - 50 

Collector-Base Breakdown Voltage BVCBO Volfs 
IC = 1. o µA, 'E = 0 MPS918 30 -
le = 100 µA, 'E = 0 MPS3563 30 -

Emitter-Base Breakdown Voltage BVEBO Volts 
'E = 10 µA, IC = 0 MPS918 3.0 -

MPS3563 2.0 -
Collector-Emitter Voltage BVCEO* Volts 

Ic = 3. o mA, 'E = o MPS918 15 -
MPS3563 15 -

DC Current Gain hFE* -
VCE = 1V, Ic = 3mA MPS918 20 -
VCE = lOV, IC= 8mA MPS3563 20 200 

Collector-Emitter saturation Voltage VCE(sat) Volts 
1c = lOmA, Ia = lmA MPS918 - 0.4 

Base-Emitter Saturation Voltage VBE(sat) Volts 
Ic = 10mA, IB = lmA MPS918 - 1. 0 

Small Signal Current Gain hie -
Ic = 4mA, VcE = lOV, f = lOOmc MPS918 6 ~ 

IC= 8mA, V CE= lOV, f = 100mc MPS3563 6 15 

IC= 8mA, VCE = lOV, f • lkc MPS3563 20 250 

I 
Output Capacitance cob pf 

VCB = lOV. 'E =0, f = 140kc MPS918 - 1. 7 

Vca=lOV, 'E=O, f=lmc MPS3563 - 1. 7 

VCB = OV, 'E = O, f = 140kc MPS918 - 3.0 

fnput Capacitance c1b pf 
VEB=0.5V, 1c=0 MPS918 - 2.0 

Amplifier Power Gain Ge db 
IC = 6mA, f = 200mc, V CB = 12V MPS918 15 -
IC = 8mA, V CE = lOV, f = 200mc MPS3563 14 -
Gfd + Gre < -20db 

Power Output Pout mW 
Ic = BmA, Vea= 15V, f = 500mc MPS918 30 

Collector Efficiency eff % 
1c = BmA, Vea= 15V, f = 500.mc MPS918 25 

Noise Figure NF' db 
Ic = lmA, VCE = 6V, f = 60mc, MPS918 - 6 

Rg = 400 

*'PW s. 300 µsec. DC s. 1% 
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--Motorola High-Frequency Transistors --

MPs2894 VcEo= 12V 
hFE=40 
toFF =90 nsec 

' 
PNP silicon annular, plastic encapsulated transistor 

for low-cost, low-level, high-speed switching applica
tions. 

CASE 29 

MAXIMUM RATINGS 

Characteristic Symbol Ratil11 

Collector-Base Voltage VCBO 12 

Collector-Emitter Voltage VCEO 12 

Emitter-Base Voltage VEBO 4 

Total Device Dissipation PD 0.3 
@25°C Ambient Temperature 
Derate above 25 •c 3 

Total Device Dissipation PD 1. 0 
@ 25°C Case Temperature 
Derate above 25 •c 10 

Operating Junction Temperature TJ 125 

Storage Temperature Range Tstg -55 to +125 

-2 v 

Ton; vbb • +3, Vin • -7 v 

Toff; Vbb • -4 V, Vin• +6 V 

8-265 

Unit 

Vdc 

Vdc 

Vdc 

Watt 

mW/°C 

Watt 

mW/"C 

·c 

•c 

vout 
To Sampling Scope 

Rise Time < 1 ns 

Zin • 100 K 
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--Motorola High-Frequency Transistors -

MPS2894 (continued) 

ELECTRICAL CHARACTERISTICS (at 25°C case temperature unless othe~lse noted) 

Characte!lslic 

Collector Cutoff Current 
vcB=-6V, 1E;=O 

VCB = -6 V, IE= O, TA= 125°C 

Collector-Base Breakdown Voltage 
1c = 10 µA, 1E = 0 

Collector-Emitter sustaining Voltage* 
1c = 10 mA, JB = 0 

Emitter-Base Breakdown Voltage 
1E = 100 µA, 1c = 0 

Collector-Emitter Saturation Voltage 
1c = 10 mA, JB = 1. 0 mA 

le = 30 mA, IB = 3. 0 mA 

1c = 100 mA, JB = 10 mA 

Base-Emitter Saturation Voltage 
le = 10 mA, IB = l. 0 mA 

IC = 30 mA, IB = 3. 0 mA 

1c = 100 mA, IB = 10 mA 

DC Pulse Current Gain* 
1c = l mA, V CE = O. 3 V 

1c = 10 mA, V CE = 0. 3 V 

1c = 30 mA, V CE = O. 5 V 

IC= 30 mA, V CE = O. 5 V (-55°C) 

IC= 100 mA, VCE = 1.0 V 

High Frequency Current Gain (f = 100 me) 
v CE = 10 v' le = 30 mA 

Output Capacitance 
V CB= -5. 0 V, 1E; = O, f = 140 kc 

Emitter Transition Capacitance 
VEB = -0. 5 V, 1c = O, f = 140 kc 

Turn-On Time 
1c = 30 mA, IBl = 1. 5 mA 

Turn-Off Time 
1c = 30 mA, JB1 = JBa = 1. 5 mA 

* Pulse Conditions: Length = 300 µsec 
Duty Cycle s 2% 

-
Symbol Minimum TJPICll Maximum 

1CBO .08 

BVCBO -12 

VCEO(sust) -12 

BVEBO -4.0 

VCE(sat) 
-0.15 

-0. l -0.2 

-0. 5 

VBE(sat) 
-0. 78 -0.98 

-0. 85. -1. 20 

-1. 7 

hFE * 
25 

30 

40 70 150 

17 

25 

~e 4,0 

cob 6.0 

CTE 6.0 

ton 23 60 

toff 34 90 
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Unit 

µA 

Vdc 

Vdc 

Vdc 

Vdc 

Vdc 

-

-

pf 

pf 

nsec 

nsec 



-- Motorola High-Frequency Transistors --

MPs2923 thru MPs2925 Vceo=25V 
le= lOOmA 
Po= 200mW 

NPN silicon annular, plastic encapsulated transistors 
for low-cost, medium-speed, general-purpose ampli
fier and oscillator applications. 

CASE 29 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Collector-Base Voltage VCBO 25 Vdc -
Collector-Emitter Voltage VCEO 25 Vdc 

Emitter-Base Voltage VEBO 5 Vdc 

Collector de Current IC 100 mAdc 

Total Device Dissipation PD 200 mW 
@ 25 °C Ambient Temperature 
Derating Factor above 25 °C 2. 67 mW/°C 

Total Device Dissipation PD 120 mW 
@ 55 °C Ambient Temperature 
Derating Factor above 25 °c 2. 67 mW/°C 

Junction Temperature-Operating TJ 100 ·c 

storage Temperature Range Tstg -30 to +125 ·c 

ELECTRICAL CHARACTERISTICS (at 25°C case temperature unless otherwise noted) 

Characteristic Symbol Minimum Maximum Unit 

Collector Cutof! Current 1CBO µA 
V CB = 25 V, ~ = 0 - o. 5 

v CB= 25 v, ~ = o, TA= 100°C - 15 µA 

Emitter Cutoff Current ~BO - o. 5 µA 
VEB = 5 V 

Small Signal Current Gain (f = 1 kc) hfe -
VCE = 10 v, le= 2 mA 

MPS2923 90 180 
MPS2924 150 300 
MPS2925 235 470 

Collector Capacitance cob - 12 pf 
V CB= 10 V, IE = O, f = 1 me 
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MPs3563 

MPs3639 

--Motorola High-Frequency Transistors --

For Specifications, See MPS918 Data Sheet 

Yceo=6V 
lc=BOmA 
ts= 20 nsec 

PNP silicon annular, plastic encapsulated transistor 
for low-cost, low-level, high-speed switching applica
tions. 

CASE 2.9 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

D. c. Collector Current IC 80 mAdc 

Collector-Base Voltage VCBO -6 Vdc 

Collector-Emitter Voltage VCE -6 Vdc 

Emitter-Base Voltage VEBO -4 Vdc 

Total Device Dissipation PD 0.2 Watts 
@ 25' Ambient Temperature 

De rate above 2 5' C 2.0 mW/'C 

Total Device Dissipation PD 0.5 Watts 
@ 25' C Case Temperature 

De rate above 25' C 5.0 mW/'C 

Operating Junction Temperature TJ 125 'C 

Storage Temperature Range Tstg -55 to +125 'C 

SWITCHING TIME TEST CiRCUIT 

0.1~ ..... ~ 

(1) a.ti.tor Qanmt •JO Ill; (I) ~.,. 'l'w.n.Off .... c.n..a •SM 
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--Motorola High-Frequency Transistors --

MPS3639 (continued) 

ELECTRICAL CHARACTERISTICS (at 25°C case temperature unless otherwise noted) 

Characteristic Symbol Minimum Maximum Unit 

Collector Cutoff Current 1CES 
µA 

V CE = 3 V, V EB= 0 - .01 

VCE = 3 V, VEB = 0, TA= +65°C - 1 

Base Current IB - 10 nA 
vcE=3V, VEB=O 

Collector-Emitter Breakdown Voltage BVCES 6 - v 
IC = 100 µA, V BE = 0 

Collector- Base Breakdown Voltage 
le"= 100 µA, IE = 0 

BVCBO 6 - v 

Emitter-Base Breakdown Voltage BVEBO 4 - v 
IE = 100 µA, IC = 0 

Collector-Emitter Sustaining Voltage V CEO(sus) 6 - v 
IB = O, IC= 10 mA, P. W. = 300 µsec 

D.C. = 1% 

Collector-Emitter Saturation Voltage V CE(sat) 
IC = 10 mA, IB = 1 mA - 0. 16 v 

IC = 50 mA, IB = 5 mA, P. W. = 300 µsec 

D.C. = 1% - o. 5 
le= 10 mA, IB = 1 mA - 0. 23 

Base-Emitter Saturation Voltage V BE(sat) v 
IC = 10 mA, IB = 0. 5 mA 0. 75 0. 95 

IC = 10 mA, IB = 1 mA 0.8 1 

IC = 50 mA, IB = 5 mA, P, W. = 300 µsec, 

D. C. = 1% - 1. 5 

Forward Current Transfer Ratio hFE -
V CE = 0. 3 V, IC = 10 mA, P. W. = 300 µsec, 

D.C. = 1% 30 120 
v CE = 1. 0 v' le = 50 mA, P.W. = 300 µsec, 

D.C.=1% 20 -
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--Motorola High-Frequency Transistors --

MPS3639 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic Symbol Minimum Maximum Unit 

Small-Signal Current Transfer Ratio hfe -
V CE = 5 V, IC = 10 mA, f = 100 me 5 -
V CB= O, IC = 10 mA, f = 100 me 3 -

Output Capacitance cob - 3.5 pf 
IE = 0, V CB = 5 V, f = 140 kc 

Input Capacitance cib - 3. 5 pf 
V EB= 0. 5 V, IC = O, f = 140 kc 

Delay Time td - 10 nsec 
V CC = 6 V, le = 50 mA, !Bl = 5 mA 

V OB= 1. 9 V 

Rise Time t - 30 nsec 
V CC = 6 V, IC = 50 mA, !Bl = 5 mA, 

r 

V OB= 1. 9 V 

Storage Time t - 20 nsec 
v cc = 6 v, le = 50 mA, !Bl = IB2 = 5 mA 

s 

I Fall Time tf - 12 nsec 
V CC = 6 V, IC = 50 mA, !Bl = IB2 = 5 mA 

Turn-On Time t nsec 
IC = 50 mA, !Bl = 5 mA, V OB = 1. 9 V 

on - 25 

IC = 10 mA, !Bl = O. 5 mA - 60 

Turn-Off Time toff nsec 
IC = 50 mA, V OB = 1. 9 V, !Bl = IB2 = 5 mA 

- 25 
IC = 10 mA, !Bl = IB2 = 0. 5 mA - 60 
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MPs3640 

--Motorola High-Frequency Transistors --

Vceo = 12V 
le= 80 mA 
ts= 20 nsec 

' 
PNP silicon annular, plastic encapsulated transistor 

for low-cost, low-level, high-speed switching applica
tions. 

CASE 29 

MAXIMUM RATINGS 

Characteristic Srmbol Rat1111 Unit 

D.C. Collector Current IC 80 mAdc 

Collector-Base Voltage VCBO 12 Vdc 

Collector-Emitter Voltage VCEO 12 Vdc 

Emitter-Base Voltage VEBO 4 Vdc 

Total Device Dissipation PD o. 2 Watts 
@ 25 'C Ambient Temperature 

Derate above 25 °C 2.0 mW/'C 

Total Device Dissipation PD 0. 5 Watts 
@ 25 ° Case Temperature 

Derate above 25'C 5.0 mW/'C 

Operating Junction Temperature TJ 125 'C 

Storage Temperature Range Tstg -55 to +125 'C 

ELECTRICAL CHARACTERISTICS (at 25°C case temperature unless otherwise noted) 

Characteristic Symbol Minimum Maximum Unit 

Collector Cuto!! Current ICES µA 
VCE=6V, VEB=O - .01 

VC.E = 6 V, VEB =0, TA =+65°C - 1 

Base Current IB - 10 nA 
VCE=6V, VEB=O 

Collector-Emitter Breakdown Voltage BVCES 12 - v 
IC = 100 µA, V BE = 0 

Collector-Base Breakdown Voltage BVCBO 12 - v 
IC = 100 µA, IE = 0 

Emitter-Base Breakdown Voltage BVEBO 4 - v 
IE = 100 µA, IC = 0 

Collector-Emitter Sustaining Voltage V CEO(sus) 12 - v 
IB = o, IC = 10 mA, P. W. = 300 µsec, 

D. C. = 1% 
-
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- Motorola High-Frequency Transistors --

MPS3640 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic Symbol Minimum Maximum Unit 

Collector-Emitter Saturation Voltage VCE(sat) v 
IC = 10 mA, IB = 1 mA - 0.2 

IC = 50 mA, 16 = 5 mA, P.W. = 300µsec, 

D.C. = 1% - 0.6 

IC = 10 mA, IB = 1 mA, TA= +65°C 

Base-Emitter Saturation Voltage VBE(sat) v 
IC = 10 mA, 16 = 0. 5 mA 0. 75 0.95 

IC = 10 mA, IB = 1 mA 0.8 1 

IC= 50 mA, IB = 5 mA, P. W. = 300 µsec, 

D.C. = 1% - 1. 5 

Forward Current Transfer Ratio hFE -
VCE = 0.3 v, le= 10 mA, P.W. = 300 µsec, 

D.C. = 1% 30 120 

V CE = 1. 0 V, IC = 50 mA, P.W. = 300µsec, 

D.C. = 1% 20 -
Small-Signal Current Transfer Ratio hfe -

V CE = 5 v, le ~ 10 mA, f = 100 me 5 -
V CB= 0, IC = 10 mA, f = 100 me 3 -

Output Capacitiance cob pf 
1E = O, V CB= 5 V, f = 140 kc - 3.5 

Input Capacitance cib pf 
VEB=0,5V, lc=O, f=l40kc - 3. 5 

I 
Delay Time td - 10 nsec 

V CC = 6 V, IC = 50 mA, !Bl = 5 mA, 

VOB = 1.9 V 

Rise Time tr - 30 nsec 
V CC = 6 V, IC = 50 mA, !Bl = 5 mA, 

VOB = 1.9 V 

Storage Time t - 20 nsec 
Yee= 6 v, IC= 50 mA, !Bl= 1s2 = 5 mA 

s 

Fall Time tr - 12 nsec 
V CC = 6 V, IC = 50 mA, !Bl = IB2 = 5 mA 

Turn-On Time tOll nsec 
le = 50 mA, 1s1 = 5 mA, v OB = 1. 9 v - 25 

le = 10 mA, !Bl = o. 5 mA - 60 

Turn-Off Time toff nsec 
'c = 50 mA, v OB = 1. 9 v' !Bl = IB2 = 5 mA - 35 

le = 10 mA, !Bl = 162 = o. 5 mA - 75 
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-- Motorola Special and Multiple Transistors --

MOTOROLA 
SPECIAL AND MULTIPLE TRANSISTORS-

DEVICES IN THIS SECTION 

2N2060 2N3800 MD981 MD1129 
2N2060A 2N3801 MD982 MD1130 
2N2223 2N3802 MD984 MD1131 
2N2223A 2N3803 MD985 MD1132 
2N2480 2N3804 MD986 MD1133 

2N2480A 2N3805 MD990 MD1134 
2N3409 2N3806 MD1120 MM2090 
2N3410 2N3807 MD1121 MM2091 
2N3411 2N3808 MD1122. MM2092 
2N3480 2N3809 MD1123 

2N3481 2N3810 MD1124 
2N3483 2N3811 MD1125 
2N3484 MD1126 
2N3796 MD1127 
2N3747 MD1128 
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• For case outline dimensions, see page 1-26. 
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--- Motorola Special and Multiple Transistors ---

SPECIAL AND MULTIPLE TRANSISTORS 

Included in this listing of special devices are unijunction and field effect 
transistors as well as multiple devices consisting of two transistors in a single 
package. The multiple transistor section includes NPN-PNP complementary 
pairs and duals for differential amplifier, switching and low-level amplifier 
applications. 

UNIJUNCTION TRANSISTORS 
Unijunction transistors are three-terminal ·switching devices suitable for 

triggering, oscillator, pulse generation and bistable-circuit applications. 

2N3480 2N3481 2N3483 2N3484 

FIELD EFFECT TRANSISTORS 
The Motorola line of field effect transistors includes both tetrode silicon 

junction and insulated gate devices. 

2N3796 2N3797 MM2090 MM209l MM2092 

MULTIPLE TRANSISTORS 
In the Motorola multiple transistor line are matched transistors designed 

for differential amplifier, complementary logic, switching and amplifier appli
cations. The transistor pairs for differential amplifiers are closely matched 
over a wide range of conditions. In addition, the use of multiple transistors 
may result in appreciable space-saving since many pairs are packaged in 
standard transistor case sizes. 

Differential Amplifiers 
Complementary Duals for Duals for 

Pairs Switching Amplifiers 

2N2060 2N3806 MD985 MD981 MD1131 
2N2060A 2N3807 MD986 MD982 
2N2223 2N3808 MD984 
2N2223A 2N3809 MD990 
2N2480 2N3810 MD1126 

2N2480A 2N3811 MD1127 
2N3409 MD1120 MD1128 
2N3410 MD1121 MD1133 
2N3411 MD1122 MD1134 
2N3800 MD1123 

2N3801 MD1124 
2N3802 MD1125 
2N3803 MD1129 
2N3804 MD1130 
2N3805 MD1132 
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--Motorola Special and Multiple Transistors --

2N2060,A 
2N2223,A 
2N2480,A 

V CEO = 40-60 V 
le= SOOmA 

\ NPN silicon annular Star dual-transistors for differ
ential amplifiers and other applications requiring a 
matched pair with a high degree of parameter unifor
mity. 

CASE 32 
(T0-5) 

MAXIMUM RATINGS (each side) 

Characteristic 

Coll<'t'lor-Bas!' Volt~~(' 
2N2060. 2N2060A. 2N2223. 2N2223A 
2N2480 
2N2480A 

Collector-Emitter Voltag:e 
2N2060. 2N2060A. 2N2223. 2N2223A 
2N2480. 2N2480A 

Collector-Emitter Vollag:e (RBE ~ IOD) 

2N2060, 2N2060A, 2N2223. 2N2223A 

Emitter- Base Voltag:e 
2N2060. 2N2060A, 2N2223. 2N2223A 
2N2480, 2N2480A 

DC Colleetor Current 

Operating Junction Temperature 

Storage Temperature Range 

Total Device Dissipation@" TC 0 25 c 
Derate above 25 C 

Total Devic'e Dissipation (a' TA = 25 C 
Derate above 25 C 

Symbol 

VCBO 

VCEO 

VCER 

VEBO 

IC 

TJ 

Tstg 

PD 

PD 
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One 
Side 

I. 6 
9. I 

0. 5 
2. 86 

PIN CONNECTIONS 
BOTTOM VIEW 

Ratine: 

100 
75 
80 

60 
40 

80 

7 
5 

500 

200 

-65 to +300 

Both 
Sides 

3. 0 
17. 2 

o. 6 
3. 43 

Unit 

Vd{' 

Vdc 

Vdc 

Vdc 

mAdc 

·c 

'C 

Watts 

watt 



-- Motorola Special and Multiple Transistors --

2N2060, A, 2N2223, A, 2N2480, A (continued) 

ELECTRICAL CHARACTERISTICS (each side) 
(at 25°C ambient temperature unless otherwise noted) 

Characteristic 

Collector-Base Breakdown Voltage 
(IC = 100 µAd<', IE = O) 

Collector-Emitter Breakdown Voltage* 
(IC= 20 mAdc, 18 = O) 
(IC = 30 mAdc, IB = 0) 

Collector-Emitter Breakdown Voltage• 
(IC = 100 mA, RBE ~ 10,Q) 

Emitter-Base Breakdown Voltage 
(IE = 100 µAde, IC = 0) 

Collector Cutoff Current 
(VCB 0 60 Vdc, IE o 0) 

(VCB =JG Vdc, IE - 0, TA - 150"C} 
(VCB 0 80 Vdc, IE o 0) 

(V CB = 80 Vdc, IE = 0, TA = 150"C) 

Emitter Cutoff Current 
(VEB = 5 Vdc, IC= 0) 

DC Current Gain 
(IC = 10 µAde, V CE = 5 Vdc) 

(IC = 100 µAde, V CE = 5 Vdc) 

{IC= 1 mAde, V CE= 5 Vdc) 

(IC = 10 mAdc, V CE = 5 Vdc)* 

DC Current Gain Ratio** 
{IC = 100 µAde, V CE = 5 Vdc) 

(IC= 1 mAdc, VCE = 5 Vdc) 

Base Voltage Differential 
(IC = 100 µAde, V CE = 5 Vdc) 

(IC= 1 mAdc, VCE = 5 Vdc) 

9-5 

2N2060, 2N2060A, 2N2223, 
2N2223A 

2N2480 
2N2480A 

2N2480, 2N2480A 
2N2060, 2N2060A, 2N2223, 

2N2223A 

2N2060, 2N2060A, 2N2223, 
2N2223A 

2N2060, 2N2060A, 2N2223, 
2N2223A 

2N2480, 2N2480A 

2N2480 
2N2480A 
2N2480, 2N2480A 
2N2060, 2N2060A 
2N2223, 2N2223A 
2N2060, 2N2060A 
2N2223, 2N2223A 

2N2060, 2N2060A 
2N2223, 2N2223A 
2N2480 
2N2480A 

2N2060, 2N2060A 
2N2223, 2N2223A 
2N2060, 2N2060A 
2N2223, 2N2223A 
2N2480 
2N2480A 
2N2060, 2N2060A 
2N2480 
2N2480A 
2N2060, 2N2060A 
2N2223, 2N2223A 

2N2060, 2N2060A, 2N2223A 
2N2223, 2N2480, 2N2480A 
2N2060, 2N2060A 
2N2480, 2N2480A 

2N2060A 
2N2060, 2N2223A, 2N2480A 
2N2480 
2N2223 
2N2060, 2N2060A, 2N2480A 
2N2480 

Symbol 

BVCBO 

BVCEO 
. 

BVCER 
. 

BVEBO 

1CBO 

1EBO 

hFE 

hFEf,hFE2** 

VBEl-VBE21 

Min Mil Unit 

Vd1· 
100 

75 
80 

Vdt· 
40 
60 

Vd(' 
80 

Vd< 
7 

5 -

µAde 
. 050 

- • 020 
15 

• 002 
. 010 

IO' 
- 15 \ 

nAd(· 
- 2 

IO 
- 50 

20 

25 75 
15 -
30 90 
25 I50 
20 
35 -
40 120 
30 350 
50 200 
50 I50 
50 200 

-
0. 9 I. 0 
0. 8 I. 0 
o. 9 I. 0 
o. 8 I. 0 

mVdc 
- 3 

5 
- IO 
- 15 
- 5 
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--Motorola Special and Multiple Transistors --

2N2060, A, 2N2223, A, 2N2480, A (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic Symbol Min Max Unit 

Collector~Emitter Saturation Vollage V CE(sat} 
Vd(' 

(IC = 50 mAdc, IB = 5 mAdc) 2N2060A - o. 6 
2N2060, 2N2223, 2N2223A, - 1. 2 

2N2480A 
2N2480 - 1. 3 

Base-Emitter Saturation Voltage VBE(sat) Vctc 

(IC = 50 mAdc, 18 = 5 mAde) 2N2060, 2N2060A, 2N2223, 0. 9 
2N2223A, 2N2480A 

2N2480 - 1. 0 

Small-Signal Forward cUrrent Transfer R·atio hfe -
{IC= 50 mAd(·, VCE = 10 VdC', f = 20 m<') 2N2223, 2N2223A, 2N2480, 2. 5 -

2N2480A 
2N2060, 2N2060A 3. 0 -

Collf'ctor Output Capacitance cob pf 
(V CB"' 10 VdC', f = 1 me) 2N2060, 2N2060A, 2N2223, - 15 

2N2223A 
2N2480A 18 
2N2480 20 

Collf'dor Input Capacitanee 
-:-

cib pf 

(VEB 0. 5 VdC", F = 1 me) 2N2060, 2N2060A, 2N2223, 85 
2N2223A, 2N24BOA 

Small-Si~nal Currt'nl Gain hie 
(lC = 1 mAdt', VCE "5 VdC'. f = 1 kc) 2N2060, 2N2060A 50 150 

2N2223, .2N2223A 40 120 
2N2480A 50 300 

Input Impedance ohms 
(IC = 1 mAdc, V CE = 5 Vdc, f = 1 kc) 2N2060, 2N2060A, 2N2223, hib 20 30 

2N2223A 
2N2480A ~~b 20 35 

(IC = 1 mAdc, V CE = 5 Vdc, f = 1 kc) 2N2060, 2N2060A 1000 4000 
2N2480A 11:: 1000 5000 

Output Admittance µmhos 
(IC :,,, 1 mAdc, V CE = 5 Vdc, r·= 1 kc) 2N2223, 2N2223A ~ob - o. 5 
(IC = 1 mAdc, V CE = 5 Vdc, I = 1 kc) 2N2060, 2N2060A, 2N2480A oe 

4. 0 16 

Voltage Feedback Ratio, Common Base hrb Xl0-4 
(IC = 1 mAdc, V CE = 5 Vdc, l = 1 kc) 2N2223, 2N2223A - 3 

Noise Figure NF db 
(IC = O. 3 mAdc, V E = 10 Vdc, f = 1 kc, RG = 510.Q, BW = 1 cps) 2N2480, 2N2480A - 8 
(IC = 0, 3 mAdc, ~E = 10 Vdc, f = 1 kc, RG = 510.Q, BW = 200 cps) 2N2060, 2N2060A - 8 
(IC = O. 3 mAdc, V CE = 10 Vdc, f = 1 kc, RG = 1 k.2, BW = 15. 7 kct) 2N2060. 2N2060A - 8 

Base Voltage Differential Change J(V BEl-V BE2) mVdc 
(IC = 100 µAde, V CE :::: 5 Vdc, TA = -55 to +25"C) 2N2060A - 0. 4 

2N2060 0.8 
2N2223, 2N2223A - 2. 0 
2N2480, 2N2480A - 1. 2 

(IC = 100 µAde, V CE = 5 Vdc, TA = 25 to 125~C) 2N2060 1. 0 
2N2060A o. 5 
2N2223, 2N2223A - 2. 5 
2N2480, 2N2480A - 1. 5 

•Pulse Test: Pulse Width~ 300 µsec, Duty Cycle~ 2% ••The lowest hFE reading is taken as hFEl for this ratio 

t Amplifier: 3 db points at 25 cps and 10 kc with a roll-off of 6 db per octave 
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-- Motorola Special and Multiple Transistors --

2N3409 thru 2N3411 Vceo = 30V 
le= 500 mA 

NPN silicon annular Star dual-transistors for differ
ential amplifiers and other applications requiring a 
matched pair with a high degree of parameter unifor
mity. 

CASE 32 
(T0-5) 

ABSOLUTE MAXIMUM RATINGS 

Characteristic Symbol 

Collector-Base Voltage VcBO 

Collector-Collector Voltage Vcco 

Collector-Emitter Voltage VCEO 

Emitter-Base Voltage VEBO 

D.C. Collector Current 1c 
(Limited by P0 ) 

Junction Temperature TJ 

Storage Temperature Tstg 

Total Device Dissipation Po 
(25°c Ambient Temperature) 

Derate above z5°c 

ELECTRICAL CHARACTERISTICS (each side) 
(at 25°C ambient temperature unless otherwise noted) 

Characteristic 

Collector-Base Breakdown Voltage 
(le = 10 µAde) 

Collector-Emitter Breakdown Voltage* 
(le = 10 mAdc) 

Emitter-Base Breakdown Voltage 
(IE•= 10 µAde) 
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PIN CONNECTIONS 
BOTTOM VIEW 

Rating 

60 

100 

30 

5 

500 

+200 

-65 to +200 

ONE SIDE BOTH SIDES 

500 600 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

oc 

Oc 

mW 
2.9 3-4 mw/°C 

Symbol Min Max 

BVCBO 
60 -

BVcEo* 
30 -

BVEBO 
5 -

Unit 

Vdc 

Vdc 

Vdc 



--Motorola Special and Multiple Transistors --

2N3409-2N3411 (continued) 

ELECTRICAL CHARACTERISTICS (each side) (continued) 

Characteristic 

C oliector Cutoff Current 
(V CB = 50 Vdc) 
(V CB = 50 Vdc, TA = 150°c) 

Emitter Cutoff Current 
(VEB = 3 Vdc) 

Collector to Collector Current 
(V CC = 100 Vdc) 

Collector-Emitter Saturation Voltage 
(IC = 10 mAdc, IB = 1 mAdc) 

Base-Emitter Saturation Voltage 
(le = 10 mAdc, l:s = 1 mAdc) 

DC Forward Current Transfer Ratio 
(le = 10 µAde, VcE = 10 Vdc) 2N3410, 2N34ll 
(le = 100 µAde, VcE = 10 Vdc) All Types 
(le = 1 mAdc, v CE = 10 Vdc) All Types 
(le = 10 mAdc, v CE = 10 Vdc) All Types 

DC Current Gain Ratio • • 
(le = 100 µAde, v CE = 10 Vdc) 2N3409 

2N3410, 2N3411 

(le = 1 mAdc, V CE = 10 Vdc) 2N3411 

Base Voltage Differential 
(le = 100 µAde, VcE = 10 Vdc) 2N3409, 2N3410 

2N3411 

(IC = 1 mAdc, VcE = 10 Vdc) 2N3411 

Base Voltage Differential Change 
(le = 100 µAde, VcE = 10 Vdc, TA= 2N3409 

-55 to +25°c) 
2N3410, 2N3411 

(le = 100 µAde, VcE = 10 Vdc, TA = 2N3409 
25 to 125oc) 2N3410, 2N3411 

Collector Output Capacitance 
(VcB = 10 Vdc, f = 1 me) 

Collector Input Capacitance 
(VEB = 0.5 Vdc, f = 1 me) 

Small-Sigtial Forward Current Transfer Ratio 
(le = 20 mAdc, VcE = 20 Vdc, f = 100 me) 

Noise Figure 
(le = 100 µA,VcE= 5V,f=lkc,BW= 1 cps, Rg = 1 KO) 

*Pulse Test: Pulse Width ;:; 300 µsec, Duty Cycle :i 2% 

**The lowest hFE reading is taken as hFE 1 for this ratio 

9-8 

Symbol 

1cBO 

1EBO 

Icco 

V CE(sat) 

VBE(sat) 

hFE 

hFEl/hFE2 •• 

VBE1-VBE2 i 

A(vBE1-VBE2) 

cob 

cib 

lire 

NF 

Min Max Unit 

µAde 

- .010 
- 10 

nAdc 

- 10 

nAdc 

- 100 

V-dc 

- 0.15 

Vdc 

- 0.85 

-
20 100 
30 120 
40 160 
50 200 

-
0.8 1.0 
0.9 1.0 

0.9 1.0 

mVdc 

- 10 
- 5 

- 5 

mVde 

- 1.6 
- o.e 
- 2.0 

- 1.0 

pf 

- 8 

pf 

- 20 

-
2.5 -

db 
- 4 



-- Motorola Special and Multiple Transistors --

2N3480,2N3481,2N3483,2N3484 Vaa= 35V 
IE= 50mA RMS 

Silicon annular unijunction transistors for SCR trig
gering, oscillators, timing circuits, pulse generators, 
bistable circuits and sensing circuits. 

CASE 34 
(T0-5) 

MAXIMUM RATINGS (TA= 25°C) 

Characteristic 

RMS Power Dissipation* 

RMS Emitter Current 

Peak Emitter Current 

Emitter Reverse Vo\tage 

Interbase Voltage 

Operating Junction Temp. Range 

Storage Temperature Range 

*Derate 4 mW /°C ambient temperature increase 

Rating 

400 

50 

2 

30 

35 

-65 to 125 

-65 to 150 

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

Device 2N3480 2N3481 

Parameter Minimum Typical Maximum Minimum Typical Maximum 

11 . 56 - . 75 . 70 - . 85 

Raso 4. 7 - 9. 1 4. 7 - 9.1 

VE(SAT) - - 5. 0 - - 5. 0 

1B2(MOD) - 4 - - 4 20 

1EO - - 12 - - 12 

Ip - - 20 - - 20 

I v 4 - - .4 - -

VoBl 3 - - 3 - -

1oBl - o. 3 - - 0. 3 -

9-9 

Unit 

mW 

mA 

Amps 

Volts 

Volts 

'C 

'C 

Units 

KQ 

Volts 

mA 

µA 

µA 

mA 

Volts 

/lSe(' 
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-- Motorola Special and Multiple Transistors --

2N3480, 2N3481, 2N3483, 2N3484 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Device 

Parameter 

1/ 

RBBO 

VE{SAT) 

IB2{MOD) 

IEO 

Ip 

I v 

VoB! 

toBl 

Minimum 

. 60 

4. 7 

-

-
-

-

4 

4 

Symbol 

1/ {Eta) 

RBBO 

VE{SAT) 0 

IB2{MOD) 

IEO 

Ip 

Iv 

VoBl 

toB! 

2N3483 2N3484 

Typical Maximum Minimum Typical Maximum 

- . 72 .70 - . 85 

- 9. 1 6. 2 - 9. 1 

- 5. 0 - - 5. 0 

- 15 - - 15 

- 1. 0 - - o. 2 

- 5. 0 - - 5. 0 

- - 4 - -

- - 6 - -
o. 3 - o. 3 -

Definitions and Conditions 

Intrinsic- Standoff Ratio {VBB = !OV, VP= 1/VBB+Vf [E-B1]) 

Interbase Resistance {V BB = 3V, IE = 0) 

Emitter Saturation Voltage {V BB = !OV, IE = 50ma) 

Modulated Interbase Current {V BB = !OV, IE = 50ma) 

Emitter Reverse Current {V B2E -~ 30V, !Bl = 0) 

Peak Point Emitter Current {V BB = 25V) 

Valley Point Cu.rrent {V BB = 20V, RB2 = 100.Q) 

Base 1 Peak Pulse Voltage {See Fig. 3) 

Base 1 Peak P,ulse Voltage Rise Time (10%-90% points) 

Units 

K.Q 

Volts 

mA 

µA 

µA 

mA 

Volts 

µset· 

SYMBOL AND NOMENCIATURE EMITTER CHARACTERISTICS V.11 TEST CIRCUIT 

re2 ..__ 
IE 

---+ 

t 
E 

VE 

I IBI ~ 

i 
Vee 

I 

NEGATIVE 
I REa1Nto~CE+1-sAi;~i~i·~N--

PEAI< POINT l 
I 

i mrTD~~~ BASE-
: CHARACTERISTI\ 
: ALLEY POINT 

--"'4 -------

9-10 

v, 
~----..---0+2ov 



--Motorola Special and Multiple Transistors --

2N3796 2N3797 Vos= 20-25 V 
lo= 20mA 

CASE 22 
(T0-18) 

~, 
N-channelinsulated gate silicon field effect transis

tors for low power applications in the audio frequency 
range. 

ABSOLUTE MAXIMUM RATINGS. (At 25° ambient temperature unless otherwise noted) 

Characteristic Symbol Rating Unit 

Drain-Source Voltage vos Vdc 
2N3796 25 
2N3797 20 

Gate-Source Voltage VGS ±10 Vdc 

Drain Current 
1n 

20 mAdc 

Power Dissipation at TA= 25°C PD 200 mW 
De rating Factor above 25 °C 1. 14 mW/°C 

Operating Junction Temperature TJ +200 ,c 

storage Temperature Tstg -65 to +200 ,C 

ELECTRICAL CHARACTERISTICS (At 25° ambient temperature unless otherwise noted) 

Characteristic Symbol Min Typical Max Unit 

Drain-Source Breakdown Voltage BVDSX Vdc 
(V GS= -4 V, 10 = 5 µA) 2N3796 25 30 -
(V GS= -7 V, lo= 5 µA) 2N3797 20 25 -

Zero-Gate-Voltage Drain Current 1oss mAdc 
(Vos= 10 v, VGS = 0) 2N3796 0.5 2 3 

2N3797 2 4 6 

Gate-Source Voltage Cutoff V GS( off) Vdc 

<Io o.5µA, v 0 s=lOV) 2N3796 - -3 -4 

(lo 2.0 µA, v 0 s = 10 V) 2N3797 - -5 -7 

"On" Drain Current 1n(on) mAdc 
(Vos= 10 v, v GS= +3. 5V) 2N3796 7 9 14 

2N3797 9 14 18 

Drain-Gate Reverse Current 1nao 
pAdc 

(VDG = 10 V, ls= 0) - 0.1 1. 0 

Gate-Reverse Current 1ass pAdc 
(VGS = -10 v, Vos= O) - 0. 1 1. 0 

(V GS= -lOV, Vos= o, TA= 150°C) - 50 200 

Small-Signal, Common-Source Forward Transfer 
Admittance IY1s I µmhos 
(V0 s= 10 v, Vas= o, f = 1 kc) 2N3796 900 1300 1800 

2N3797 1500 2100 3000 

(Vos= 10 v, VGS = o, f = 1.0 me) 2N3796 900 -
2N3797 1500 -

9-11 
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--Motorola Special and Multiple Transistors --

2N3796, 2N3797 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic S1mbol Min .Twical Max Unit 

Small-Signal, Common-Source, Output 
Admittance IYosl µmbos 
CVns=lOV, v08 -o, f=lkc) 2N3796 - 12 25 

2N3797 - 30 60 

Small-Signal, Common-Source, Input 
Capacitance ciss pf 
(VDS = 10 v, Vos= o, f = 1 kc) 2N3796 - 4 7 

2N3797 - 6 8 

Small-Signal, Common-Source, Reverse 
Transfer Capacitance eras pf 
(Vns=lOV, Vos=O, f=lkc) - 0.4 0.8 

Noise Figure NF db 
CVns = io v, v0 s = o, f = i kc, 

Rg = 3 megohms) - 4.0 -

2N3796 COMMON SOURCE lRANSFER CHARACTERISTICS 2N3797 
~~~~~~~~~~~~.----~~~ 

1--+ Vos~ IOV -+--+-1-+--+-+-+-1--+-+-+--lftf--l 
- TJ=25°C 
~ 5 t--1-+-+-+-+-H-+--+-1-+-+-+--t--l!Z-tt---t 
i 4t--+--+-t-+--t--t-+--+--+-t--+-lt--ll--t-11-+--; 
i 3t--+--+-t-+--t--t-+--+--+-t--+-lt--ll--t+t--+--; 

~ v 
~ l>---+--+-l-+--1--1-+--+--+-+-+-i,_,.F--I-+-+--< 

~ Ol--+-H-+-+-++--+-+-+--+~JZF-+-+-+-+-1 
j-lt--+-+-t-t--+--+-+-1--11--pl-7'.L.<-t--+--+--+-t-+--i 

-21--+-+-l-+--!+-1-::J ...... "F--t-t--+-if--11--1-+-+--l 
-3~1=1:::t::1~=--l-.J__J.--l...i_J.._J__j_-W_J_j 
-4>--~~~~~~~~+-~..,....~~~~ 

0.001 0.01 0.1 LO 10 20 
10 , DRAIN CURRENT {mA) 

AMPLIFICATION FACTOR versus DRAIN CURRENT 
350\l 

~LJ, 
300 

250 

~ 200 
z 
2 

5 
~ 150 

f\ r\N 

1" 
2N3796 N 

3l 
~ 

0.1 0.2 0.5 1.0 2.0 5.0 10 20 
10 , DRAIN CURRENT lmAl 

9-12 

t-- Yos= lOV 
r,~2s0c 

[ 

_j_ 

Jl 
V1 

I-' 
~ 

-2 

-3 

-4 

0.001 0.01 0.1 1.0 10 20 
lo, DRAIN CURRENT lmAl 

NOISE FIGURE versus SOURCE RESISTANCE 

~ I li 
Vos"'· lOV 

~ 
Vos•O - H 
r,. 25°C_ t--1 

14 

12 

I IKC 
10 

I\ 
I\ 

~ 
~ -1. 

['.. L'.1 

0.1 0.3 0.5 0.7 I 5 7 10 20 30 
R9 , SOURCE RESISTANCE (megohms) 



--Motorola Special and Multiple Transistors --

2N3800 thru 2N3811 Vceo = 60V 
le= 50mA 

CAS~CASE32 
PNP silicon annular dual-transistors for low-level, 

low-nois.e differential amplifier applications. 

(T0-18) {T0-5) 
2N3800 
thru 
2N3805 

2N3806 
thru 
2N3811 

MAXIMUM RATINGS {at 25°C ambient temperature unless otherwise noted) 

Characteristic Symbol Rating Unit 

Collector-Base Voltage VCBO 60 Vdc 

Colle.ctor-Emitter Voltage VCEO 60 Vdc 

Emitter-Base Voltage VEBO 5 Vdc 

DC Collector Current 'c 50 mAdc 

Junction Temper:iture TJ -r200 c 

Storage Temperature Range Tstg -65 to +200 "C 

One Side Both Sides 

Total Device Dissipation@ TA ::: 25°C 
T0-5 Case 

PD 
500 600 mW 

Derate above 25°C 2. 9 3. 4 mW/ C 

T0-18 Case 250 360 mW 
Derate above 25°C I. 5 2. 06 mW/'C 

NOISE FIGURE VERSUS FREQUENCY AND SOURCE RESISTANCE 

2N3800,02,04,06,08, 10 2N3801,03,05,07,09,11 

14~ I Nt:;ve_"'u.• Ra 
NF versus f 

121---'<t-f~....,-f~-+-+_,-f-+~-t--+-++-+~ 

~ If~. I 
IOI----t~-"1~.._,-t~-+-+-j-f-+~-t--+---t-+-J 

~ lL I/ 

~\i'mA.IK!l!~N v IOO ,)/, 
k\.~ 10 ,.. I:& 

OL--"-"~"-'--'~-'--'--"'--'-'-~-'--'--"-'-~ 
0.1 0.2 0.3 0.50.7 1.0 2 3 5 7 IO 20 30 50 70100 0.1 0.2 0.3 0.5 0.7 LO 2 3 5 7 10 20 30 50 70 100 

I, FREQUENCY (kc l and R9 , SOURCE RESISTANCE (kohms) f, FREQUENCY(kcl and R9 , SOURCE RESISTANCElkohmsl 

9-13 
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--Motorola Special and Multiple Transistors --

2N3800 thru 2N3811 (continued) 

ELECTRICAL CHARACTERISTICS (at 25°C ambient temperature unless otherwise noted) 

Collector-Base Breakdown Voltage 
Cle = 10 µAde, IE = 0) 

Characteristic 

Collector-Emitter Breakdown Voltage 
(IC = 10 mAdc, I.A "' 0) 

Emitter-Base Breakdown Voltage 
~E = IO µAde, IC = 0) 

Collector Cutoff Current 
{V = 50 Vdc, I = 0) (vg: = 50 Vdc, I~ = o, TA = 150°C) 

Emitter Cutoff Current 
(V0 R = 4 Vdc, Ir= 0) 

Collector-Emitter Saturation Voltage* 
(IC = 100 µAde, 18 = 10 µAde) 
(IC = 1 mAdc, 18 = 100 µAde) 

Base-Emitter Saturation Voltage* 
(IC = 100 µAde, 18 = 10 µAde) 
(IC = 1 mAdc, 18 .= 100 µAde) 

DC Forward Current Transfer Ratio* 
(IC= 1 µAde, VCE = 5 Vdc) 

{IC = 10 µAde, V CE = 5 Vdc) 

(IC = 100 µAde, V CE = 5 Vdc) 

(IC = 100 µAde, V CE = 5 Vdc, TA= -55"C) 

(IC " 500 µAde, V CE "' 5 Vdc) 

(IC= 1 mAdc, VCE := 5 Vdc) 

(IC "' 10 mAdc, V CE = 5 Vdc) 

Base Emitter "ON" Voltage 
(IC= 100 µAde, VCE = 5 V) 

Output Capacitance 
(VCB = 5 Vdc, IE= O, C = 100 kc) 

Input Capacitance 
(V08 = o. 5 Vdc, IC= o, r =too kc) 

Small .Signal Current Gain 
(IC = 500 µA, v elf 5 v, r = 30 me) 

(Ic=lmA, vcE5v, f=lOOmc) 

(le = l mA, v CE"'" 10 v, r = l kc) 

Voltage Feedback Ratio 
(IC : 1. 0 mA, V CE"'" 10 V, C = 1 kc) 

Input Impedance 
(IC = 1. 0 mA, V CE = 10 V, C = 1 kc) 

Output Admittance 
(IC = 1. 0 mAl v CE = 10 v, r = 1 kc) 

l'lfo1seFigure 
(IC= 100 µA, VCE = lOV, RG = 3 K) 

f:lOOcps 

r = 1 kc 

r"' 10 kc 

Noise Bandwidth 10 cps to 15. 7 kc 

MATCHING CHARACTERISTICS 
DC Current Gain Ratio** 

(IC= 100 µAde, VCE = 5 Vdc) 

Base Voltage Differential 
(IC= 10 µA, to 10 mA, VC~ = 5 Vdc) 

(IC = 100 µAde, V CE = 5 Vdc) 

Base Voltage DiUerential Change 

2N3801, 03, 05, 07, 09, 11 

2N3800, 02, 04, 06, 08, 10 
2N3801, 03, 05, 07, 09, 11 
2N3800, 02, 04, 06, 08, 10 
2N3801, 03, 05, 07, 09, 11 
2N3800, 02, 04, 06, 08, 10 
2N3801, 03, 05, 07, 09, 11 
2N3800, 02, 04, 06, 08, 10 
2N3801, 03, 05, 07, 09, 11 
2N3800, 02, 04, 06, 08, 10 
2N3801, 03, 05, 07, 09, 11 
2N3800, 02, 04, 06, 08, 10 
2N3801 03 05 07 09 11 

2N3800, 02, 04, 06, 08, 10 
2N3801, 03, 05, 07, 09, 11 

2N3800, 02, 04, 06, 08, 10 
2N3801, 03, 05, 07, 09, 11 

2N3800, 02, 04, 06, 08, 10 
2N3801, 03, 05, 07, 09, 11 
2N3800, 02, 04, 06, 08, 10 
2N3801, 03, 05, 07, 09, 11 
2N3800, 02, 04, 06, 08, 10 
2N3801, 03, 05, 07, 09, 11 
2N3800, 02, 04, 06, 08, 10 
2N3801, 03, 05, 07, 09, 11 

2N3802, 03, 08, 09 
2N3804, 05, 10, 11 

2N3802, 03, 08, 09 
2N3804, 05, 10, 11 
2N3802, 03, 08, 09 
2N3804, 05, 10, 11 

(le= 100 µAde, v CE = 5 Vdc, TA = -55 to +25°C) 2N3802, 03, 08, 09 
2N3804, 05, 10, 11 

(IC = 100 µAde, V CE = 5 Vdc, TA = 25 to 125"C) 2N3802, 03, 08, 09 
2N3804, 05, 10, 11 

•Pulse Test~ 300µsec, duty cycle.:::_ 2% V OB - Base-Emitter Reverse Bias 

•• The lowest hFE reading is taken as hFEl for this ratio 
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Symbol 

BVCBO 

BVCEO 

BVEBO 

VCE(sat)* 

Minimum Typical Maximum · Unit 
Vdc 

60 
--------~ 

60 90 

Vdc 

-------~ 

- -----
-

- -

010 
10 

20 ---
o. 2 
o. 25 

nAdc 

--Vdc 

----- -- -- ---
VBE(sat)"' 

VBE(ON) 

NF 

hFE1/hfe2** 

I VBECVBE2 I 

d(VBEl-VBE2) 

75 -
100 -
225 
150 
300 -

75 -
150 -
150 -
300 -
150 -
300 -
125 -

o. 7 
o. a 

-

450 
900 
-
-

450 
900 
450 
900 

-
~-------

1. 0 

1. 0 

o. 7 

- a 

150 - 600 
300 - 900 

Vdc 

pf 

_p_f_ 

-- -- --- x10- 4 

25 ------- k ohms 
3 - 15 

_1_0 __ -__ 4o ____ _ 

µmhos 
5 - 60 -- -- --- db 

- 4 7 
- 2. 5 4 
- 1. 5 3 
- o. a I. 5 

1. 0 2. 5 
- o. a 1. 5 
- 2. 5 3. 5 
- 1. 5 2. 5 

-
o. a - I. 0 

....QJ!_ --- ...!.:..£..._ --
mVdc 

- - a 
- - 5 
- - 5 
- - _3 __ -- -- --

mVdc 
- - I. 6 

- o. a 
- - 2. 0 
- - 1.0 



--Motorola Special and Multiple Transistors --

MD98J VcEo = 30V 
lc=200mA 

NPN silicon annular Star dual-transistors for high
speed switching and DC to UHF amplifier applications. 

MD981 

CASE 32 
(T0-5) 

MD981F 

CASE 33 
MD981F 

gbd~ 
7 4 

5 

ABSOLUTE MAXIMUM RATINGS (each side) 

Characteristic Symbol Rating 

Collector-Base Voltage VCBO 60 

Collector-Emitter Voltage VCEO 
MD981 30 

Emitter-Base Voltage VEBO 5 

Collector Current Ic 200 
(Limited by PD) 

Operating Junction Temperature TJ +200 

Storage Temperature Tstg -65 to +200 

One Side Both Sides 

Flat Package 
Total Device Dissipation PD 

(25°C Ambient Temperature) 250 350 
Derate above 25°C I. 5 2 

T0-5 Package 
Total Device Dissipation PD 

(25°C Ambient Temperature) 500 600 
Derate above 25°C 2. 9 3. 4 

9-15 

MD981 

(NPN) 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

'C 

'C 

mW 
mW/°C 

mW 
mW/'C 

I 
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--Motorola Special and Multiple Transistors -

MD981 (continued) 

ELECTRICAL CHARACTERISTICS (each side) 

(At 25° ambient temperature unless otherwise noted) 

Characteristic 

Collector-Base Breakdown Voltage 
Uc = 10 µAde, IE = 0) 

Collector-Emitter Breakdown Voltage• 
(IC = 10 mAdc. IB = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 µAde, IC = 0) 

Collector Cutoff Current 
(VCB-= 50 Vdc, IE= 0) 

(VcB= 50Vdc, "'=0,TA = 150'C) 

Collector-Emitter Saturation Voltage 
(IC = 150 mAdc, 18 = 15 mAdc) 

Base-Emitter Saturation Voltage 
(IC = 150 mAdc, 18 = 15 mAdc) 

DC Forward Current Transfer Ratio 
(IC = 0. 1 mAdc, V CE = 10 Vdc) 

(IC = 1 mAdc, V CE = 10 Vdc) 

(le= 10 mAdc, V CE = 10 Vdc) 

(IC= 150 mAdc, VCE"" 10 Vdc)* 

Output Capacitance 
(VCB = 10 Vdc, IE= 0, f = 100 kc) 

Symbol 

BVCBO 

BVCEO• 

VCE (sat) 

VBE (sat) 

Small-Signal Forward Current Transfer Ratio hfe 
{IC= 20 mAdc, V CE= 20 Vde, I= 100 me) T0-5 

Package 
(IC = 20 mAdc, V CE = 10 Vdc, f = 100 me) Flat 

Package 

Current-Gain-Bandwidth Product 
(V CE = 20 Vdc, IC = 20 mAdc) T0-5 Package 

(V CE = to Vdc, IC = 20 rnAdc) Flat Package 

9-16 

Minimum Maximum 

60 

30 

.010 

10 

0.4 

l. 3 

20 

25 

35 

40' 

2. 5 

2. 0 

250 

200 

Unit 

Vdc 

Vdc 

Vdc 

µAde 

Vdc 

Vdc 

pf 



--Motorola Special and Multiple Transistors --

Mo982 Vceo = SOV 
le= 200mA 

PNP silicon annular Star dual-transistors for high
speed switching and DC to UHF amplifier applications. 

MD982 

CASE 32 
(T0-5) 

MD982F 

CASE 33 

MD981 MD982 

(NPN) 
PIN CONNECTIONS 

BOTTOM VIEW 

MD981F MD982F 

9bJ~9bJ~ 
7 4 7 4 

5 5 

ABSOLUTE MAXIMUM RATINGS (each side) 

Characteristic Symbol Rating Unit 

Collector-Base Voltage VCBO 60 Vdc 

Collector-Emitter Voltage VcEO Vdc 

MI.>982 50 

Emitter-Base Voltage VEBO 5 Vdc 

Collector Current Ic 200 mAdc 
(Limited by Po) 

Operating Junction Temperature TJ 200 OC 

Storage Temperature Ts~ -65 to +200 oc. 

ONE SIDE BOTH SIDES 

Flat Package 
Total Device Dissipation Po 

(25°c Ambient Temperature) 250 350 mW 
Derate above 25°c 1. 5 2 mw/0 c 

T0-5 Package 
Total Device Dissipation PD 

(25°C Ambient Temperature) 500 600 mW 
Derate above 25°c 2.9 3.4 mw/0 c 

9-17 

I 



I 

--Motorola Special and Multiple Transistors -

MD982 (continued) 

ELECTRICAL CHARACTERISTICS (each side) 
(at 25°C ambient temperature unless otherwise noted) 

Characteristic 

Collector-Base Breakdown Voltage 
(Ic = -10 11Adc, IE= 0) 

Collector-Emitter Breakdown Voltage* 
(le = -10 mAdc, IB = 0) 

Emitter-Base Breakdown Voltage 
(IE = -10 11Adc, le = 0) 

Collector Cutoff Current 
(VcB = -50 Vdc, IE = 0) 
(VcB = -50 Vdc. IE = 0, TA = 150°C) 

Collector-Emitter Saturation Voltage 
(le = -150 mAdc, IB = -15 mAdc) 

Base-Emitter Saturation Voltage 
(le =-150 mAdc. IB = -15 mAdc) 

DC Forward Current Transfer Ratio 
(le =-0.1 mAdc, VcE = -10 Vdc) 
(Ic = -1 mActc, VcE = -10 Vdc) 
(IC = -10 mAdc. V CE = -10 Vdc) 
(le = -150 mAdc. VcE = -10 Vdc)* 

Output Capacitance 
(VcB = -10 Vdc, IE = 0, f = 100 kc) 

Current-Gain-Bandwidth Product 
(VcE = -20 Vdc, le= -20 mAdc} T0-5 Package 

(V CE = -10 Vdc, IC = -20 mAdc} Flat Package 

Symbol 

BVCBO 

BVcEo* 

BVEBO 

1cBo 

VcE (sat) 

VBE (sat) 

hFE 

cob 

fT 

*Pulse Test: Pulse Width :; 300 µsec. Duty Cycle :; 2% 
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Min 

60 

50 

5 

-
-

-

-

20 
25 
35 
40* 

-

200 
200 

Max Unit 

Vdc 
-

Vdc 
-

Vdc 
-

µAde 
.020 
20 

Vdc 
0.5 

Vdc 
1.4 

-
-
-
-
-

pf 
8 

me 
-
-



Mo984 
- Motorola Special and Multiple Transistors --

VcEo =20V 
lc=200mA 

PNP silicon annular dual-transistors for high-speed 
switching and amplifier applications. 

CASE 32 
(TO·S) 

ABSOLUTE MAXIMUM RATINGS (each side) 

Characteristic Symbol 

Collector-Base Voltage VCBO 

Collector-Emitter Voltage VCEO 

Emitter-Base Voltage VEBO 

Collector Current IC 

Junction Temperature TJ 

Storage Temperature Tstg 

Total Device Dissipation PD 
(25°C Case Temperature) 

Derate above 25°C 

Total Device Dissipation PD 
(25°C Ambient Temperature) 

Derate above 25°C 

9-19 

Rating 

40 

20 

5 

200 

+200 

-65 to +200 

One Side Both Sides 

1. 6 3. 0 
9. 1 17. 2 

o. 5 o. 6 
2. 9 3. 4 

PIN CONNECTIONS 
(BOTTOM VIEW) 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

·c 

'C 

w 
mw/·'c 

w 
mW/ C 

I 



I 

--Motorola Special and Multiple Transistors --

MD984 (continued) 

ELECTRICAL CHARACTERISTICS (each side) 
(at 25°C ambient temperature unless otherwise noted) 

Characteristic Srmbol 

Collector-Base Breakdown Voltage BVCBO 
(IC= -10 µAde, IE= O) 

Collector-Emitter Breakdown Voltage• BVCEO • 
(le = -10 mAdc, 18 = O) 

Emitter-Base Breakdown Voltage BVEBO 
(IE = -10 µAde, Jc = O) 

Collector Cutoff Current 1cBO 
(V CB = -20 Vdc, IE = O) 

(V CB = -20 Vdc, IE = O, TA = 150°c) 

Collector-Emitter Saturation Voltage VCE(sat) 
(IC= -10 mAdc, 18 = -1 mAdc) 

(IC = -50 mAdc, 18 = -5 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 
(IC= -10 mAdc, 18 = -1 mAdc) 

DC Forward Current Transfer Ratio hFE 
(IC= -10 mAdc, VCE = -10 Vdc) 

Output Capacitance cob 
(VCB = -10 Vdc, IE= O, f = 100 kc) 

Small-Signal Forward Current Transfer Ratio hfe 
(IC = -20 mAdc, V CE = -20 Vdc, f = 100 me) 

Current-Gain- Bandwidth Product f 7' 
(IC = -20 mAdc, V CE = -20 Vdc) 

• Pulse Test: Pulse Width ~ 300 µsec, Duty Cycle ~ 2% 

9-20 

Minimum Maximum 

40 ---

20 ---

5 ---

--- • 025 

--- 30 

--- o. 3 

--- o. 5 

--- o. 9 

25 ---

--- 4 

2. 5 ---

250 ---

Unit 

Vdc 

Vdc 

Vdc 

µAde 

Vdc 

Vdc 

---

pf 

---

me 



--Motorola Special and Multiple Transistors --

MD985 V cEo = 30V 
le= 500mA 

NPN- PNP silicon annular Star complementary pair 
dual-transistors for high-speed switching circuits and 
DC to UHF amplifier applications. 

CASE 32 
(T0-5) 

MD985 

CASE 33 

MD985F 

ABSOLUTE MAXIMUM RATINGS (each side) 

Characteristic Symbol 

Collector-Base Voltage VCBO 

Collector-Emitter Voltage VCEO 

Emitter-Base Voltage VEBO 

Collector Current (Limited by P0 ) .. Ic 

Operating Junction Temperature TJ 

Storage Temperature Tstg 

Total Device Dissipation @TA = 25°C 
Flat Package 

PD 

Derating Factor 

TO- 5 Package 
Derating Factor 

9-21 

NPN 

9M~ 
7 4 

5 

PIN CONNECTIONS 
BOTTOM VIEW 

Ratin1 

60 

30 

5 

500 

+200 

-65 to +200 

One Side Both Sides 

250 350 
I. 5 2. 0 

500 600 
2. 9 3. 4 

PNP 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

'C 

'C 

mW 
mW/'C 

mW 
mW/°C 



I 

--Motorola Special and Multiple Transistors -

MD985 (continued) 

ELECTRICAL CHARACTERISTICS (at 25°C ambient temperature unless otherwise noted) 

Characteristic Symbol Minimum Maximum Unit 

Collector-Base Breakdown Voltage BVCBO Vdc 
(IC = 10 µAde, IE = 0) 60 -

Collector-Emitter Breakdown Voltage** BVCEO •• Vdc 
(IC = 10 mAdc, IB = O) 30 -

Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE = 10 µAde, IC = 0) 5 -

Collector Cutoff Current ICBO µAde 
(V CB = 50 Vdc, IE = 0) - . 020 

(VCB = 50 Vdc, IE= O, TA= 150°C) - 20 

Collector-Emitter Saturation Voltage** V CE(sat) 
.. Vdc 

(IC = 150 rnAdc, IB = 15 rnAdc) - o. 5 

Base-Emitter Saturation Voltage** VBE(sat)** Vdc 
(IC = 150 rnAdc, IB = 15 rnAdc) - I. 4 

DC Forward Current Transfer Ratio hFE -
(IC = 0. I mAdc, V CE = 10 Vdc) 20 -

(IC = I mAdc, V CE = 10 Vdc) 25 -
(IC = 10 rnAdc, V CE = 10 Vdc) 35 -
(IC = 150 mAdc, V CE = 10 Vdc)** 40** -

Output Capacitance cob pf 
(VCB = 10 Vdc, IE= 0, f = 100 kc) - 8 

Current-Gain - Bandwidth Product fT me 
(V CE = 20 Vdc, IC = 50 rnAdc) T0-5 Package 200 -
(V CE = 10 Vdc, IC = 20 rnAdc) Flat Package 200 -

•• Pulse Test: Pulse Width • 300 µsec. Duty Cycle • 2% 

9-22 



-- Motorola Special and Multiple Transistors --

MD986 VcEo=15V 
le= 200mA 

NPN- PNP silicon annular Star complementary pair 
dual-transistors for high-speed switching circuits and 
DC to UHF amplifier applications. 

CASE 32 
(T0-5) 
MD986 

CASE 33 
MD986F 

ABSOLUTE MAXIMUM RATINGS (each side} 

Characteristic Symbol 

Collector-Base Voltage VcBo 

Collector-Emitter Voltage VCEO 

Emitter-Base Voltage VEBO 

Collector Current le; 

Operating Junction Temperature TJ 

Storage Temperature Tstg 

Total Device Dissipation @TA = 25°C Po 
Flat Package 
Derate above 250C 

T0-5 Package 
Derate above 25oc 

9-23 

NPN 

gM~ 
7 4 

5 

PIN CONNECTIONS 
BOTTOM VIEW 

Rating 

40 

15 

5 

200 

+200 

PNP 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

OC 

-65 to+ 200 oc 

ONE SIDE BOTH SIDES 

250 350 mW 
1. 5 2.0 mw/0c 

500 600 mW 
2.9 3.4 mW/°C 

I 



I 

--Motorola Special and Multipie Transistors --

MD986 (continued) 

ELECTRICAL CHARACTERISTICS (each side) 
(at 25°C ambient temperature unless otherwise noted) 

Characteristics Symbol 

Collector-Base Breakdown Voltage BVCBO 
(1c = 10 µAde, IE= 0) 

Collector-Emitter Breakdown Voltage• BVcEo· 
(IC = 10 mAdc, IB = 0) 

Emitter-Base Breakdown Voltage BVEBO 
(IE = 10 µAde, le = 0) 

Collector Cutoff Current 1cBO 
(VcB = 20 Vdc, IE= 0) 

(VcB = 20 Vdc, IE= 0, TA = 15o0c) 

Collector-Emitter Saturation Voltage VcE(sat) 
(Ic = 10 mAdc, IB = 1 mAdc) 

(Ic = 50 mAdc, IB = 5 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 
(le = 10 mAdc, IB = 1 mAdc) 

DC Forward Current Transfer Ratio hFE 
(le = 10 mAdc, VcE = 10 Vdc) 

Output Capacitance Cob 
(VcB = 10 Vdc, IE= o, f = 100 kc) 

Current-Gain - Bandwidth Product fT 
(VcE = 20Vdc,1c = 20 mAdc) T0-5 Package 
(V CE = 10 Vdc, Ic = 20 mAdc) Flat Package 

•Pulse Test: Pulse Width~ 300 µsec, Duty Cycle;:! 2% 

9-24 

Min Max 

40 -

15 -

5 -

- .025 

- 30 

- 0.3 

- 0.5 

- 0.9 

25 -

- 4 

200 -
200 -

Unit 

Vdc 

Vdc 

Vdc 

µAde 

Vdc 

Vdc 

-

pf 

me 



--Motorola Special and Multiple Transistors --

MD990 Vceo=35V 
le= 600mA 

PNP silicon annular dual-transistors for medium
speed switching applications. 

CASE 32 
(T0·5) 

ABSOLUTE MAXIMUM RATINGS (each side) 

Cb111cllrlatlc SJ•bol 

Collector-Base Voltage VCBO 

Collector-Emitter Voltage VCEO 

Collector-Emitter Voltage VCER 
(ffsE :non) 

Emitter-Base Voltage VEBO 

Collector Current Ic 

Operating Junction Temperature TJ 

Storage Temperature Tstg 

Total Device Dissipation PD 
(25 °C Case Temperature) 

Derate above 25 •c 

Total Device Dissipation PD 
(25 °C Ambient Temperature 

De rate above 25 ° C 

9-25 

Ratlq 

50 

35 

50 

5 

600 

+175 

PIN CONNECTIONS 
(BOTTOM VIEW) 

-65 to +200 

One Side Both Sides 

I. 6 3. 0 
10. 7 20. 0 

o. 5 0.6 
3.3 4.0 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

•c 

•c 

w 
mW/'C 

w 
mW/'c I 



I 

--Motorola Special and Multiple Transistors --

MD990 (continued) 

ELECTRICAL CHARACTERISTICS (each side) 
(at 25°C ambient temperature unless otherwise noted) 

Characterlslfc 

Collector-Base Breakdown Voltage 
(le= -lOOµAdc, IE = 0) 

Collector-Emitter Breakdown Voltage• 
(IC = -10 mAdc, 1s = 0) 

Collector-Emitter Breakdown Voltage* 
(le= -30 mAdc, 1s = o, RBE,,;;1011) 

Emitter-Base Breakdown Voltage 
(~ = -100 µAde, le= O) 

Collector Cutoff Current 
(V CB = -30 Vde, IE = 0) 

(V CB= -30 Vde, IE= 0, TA= 150'C) 

Collector-Emitter Saturation Voltage 
(IC= -150 mAde, 1s = -15 mAde) 

Base-Emitter Saturation Voltage 
(IC= -150 mAdc, 1s = -15 mAdc) 

DC Forward Current Transfer Ratio• 
(IC= -150 mAdc, V CE= -10 Vdc) 

Output Capacitance 
(V CB= -10 Vdc, IE= 0, f = 100 kc) 

Current-Gain- Bandwidth Product 
(V CE= -10 Vdc, IC= -50 mAdc, f = 20 me) 

•Pulse Test: Pulse Width ~ 300 µsec, Duty Cycle :a 2% 

9-26 

Symbol Min Max 

BVCBO 
50 -

BVCEO * 
35 -

BVCER* 
50 -

BVEBO 
5 -

1CBO - 1 

- 100 

V CE(sat) - I. 5 

VBE(sat) - - 1.3 

hFE 
. 

50 300 

cob - 45 

IT 
60 -

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

µAde 

Vde 

Vde 

-

pf 

me 



-- Motorola Special and Multiple Transistors --

MD1120 
MD1121 
MD1122 

VcEO = 30V 
le= 500mA 

NPN silicon annular Star dual-transistors for differ
ential amplifiers and other applications requiring a 
matched pair with a high degree of parameter unifor
mity. 

CASE 32 
(T0-5) 

MD1120 
thru 
MD1122 

CASE 33 

MD1120F 
thru 
MD1122F 

MAXIMUM RATINGS (each side) 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

D .C. Collector Current 

Junction Temperature 

Storage Temperature 

Total Device Dissipation 
(25°c Case TemJ)erature) 
(Derate above 25°C) 

Total Device Dissipation 
(25°c Ambient Temperature) 
(Derate above 25°C) 

Symbol 

VcBo 

VcEo 

VCER 

VEBO 

Ic 

TJ 

Tstg 

Po 

Po 

9-27 

g=bd~ 
7 4 

5 

PIN CONNECTIONS 
BOTTOM VIEW 

Rating 

60 

30 

40 

5 

500 

+200 

-65 to + 200 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

oc 

Oc 

ONE SIDE BOTH SIDES 

1.6 3.0 w 
9.1 17.2 mw/0 c 

0.5 0.6 w 
2.9 3.4 mw/0 c 

I 



I 

--Motorola Special and Multiple Transistors --

MD1120-MD1122 (continued) 

ELECTRICAL CHARACTERISTICS (each side) 
(at 2 5 ° C ambient temperature unless otherwise noted) 

Chlncterlslics Symbol 

Collector-Base Breakdown Voltage evceo 
l'c • 10 µAde) 

Collector-Emitter Breakdown Voltage* 
Uc= !OmAdcJ 

BVcEo· 

Emitter-Base Breakdown Voltage eVEBO 
lIE = 10 µAde) 

Collector Cutoff Current leeo 
!Vee • 50 Vdc) 
(Vee = 50 Vde, TA • 150CC) 

Emitter Cutoff Current 1EBO 
(VEB • 3 Vde) 

Collector-Emitter Saturation Voltage Ve£ (sat) 
(Jc= 10 mA<tc, 18 "'lmAdc) 

Base-Emitter Saturation Voltage Ve£ (sat) 
l'c = 10 mAde, le= lmAdc) 

DC Forward Current Transfer Ratio hFE 
Uc • 10 µAde, Ve£= 10 Vde) MD1121, MD1122t 
(le = 100 µAde, VcE = 10 Vde) All Types 
(le = I mAdc, V CE• 10 Vde) All Types 
lie = 1omAdc, Ve£ • 10 Vdc) All Types 

DC Current Gain Ratio ** bFE/bFE2•• lic = 100 l'Adc, Ve£ = 10 Vde) MD1120t 
MD1121, MD1122t 

(le • I mAdc, V CE = 10 Vde) MD1122t 

Base Voltage Differential 
lic • 100 µAde, Ve£• 10 Vdc) ~~~~~t MDU21 t 

I VeE1·Ve£2 I 

lie - I mAdc, VcE = 10 Vde) MD112zt 

Base Voltage Differenttal Change A (VBEl"VBE2) 
('c = 100 l'Adc, V~ 10 Vde, 
TA• -55oC to+ ) MD1121, MD112zt 

Collector Output Capacitance cob 
CVce = 10 Vde, I = 100 kc) 

Smsll-lllgnal Forward Current Transfer ~ lire \!c = 20 mAde, V CE • 20 Vele, f= 100 me) T0-5 Package 
UC = 20 mAde, V CE = 10 Vde, f= 100 me) Flat Pacllage 

Curreat-Galn-- - 1, 
(V CE • 20 Vele, 'c • 20 mAde) T0·5 Package 
(V CE • 10 Vdc, JC = 20 mAde) Flat Package 

• Pu1ee Test: Pulse Width ...: 800 ,. .... Duty Cycie:S l'li 
.. The - b,,,, reading ls lailen SS ...... , fOr We ratio 
t Appllsa to ccff'eapmdlng Flat Paelcag'Oili!Viee tJpe 8leo 

9-28 

Mii Mu 

60 -
30 -

5 -
- 010 - 10 

- 10 

- 0.1 

- 0.85 

20 100 
30 120 
40 160 
50 200 

0.8 1.0 
0.9 1.0 
0.9 1.0 

- 10 - 5 
- 5 

- 10 

- 8 

2.5 -
a.o -

250 -
200 -

Unit 

Vdc 

Vdc 

Vdc 

µAde 

nAde 

Vde 

Vdc 

-

mVde 

µV/°C 

pf 

-

me 



--Motorola Special and Multiple Transistors --

MD1123 
MD1124 
MD1125 

Vceo = 40V 
lc=200mA 

PNP silicon annular dual-transistors for differential 
amplifiers and other applications requiring a matched 
pair with a high degree of parameter uniformity. 

CASE 32 
(TO·S) 

MD1123 
thru 
MD1125 

CASE 33 

MD1123F 
thru 
MD1125F 

ABSOLUTE MAXIMUM RATINGS (each side) 

Cllaracterislic Symbol 

Collector-Base Voltage VcBo 

Collector-Emitter Voltage VcEo 

Emitter-Base Voltage VEBO 

D.C. Collector Current Ic 

Junction Temperature TJ 

Storage Temperature Tstg 

Total Device Dissipation Po 
(25°c Case Tem11erature) 
(Derate above 25°c) 

Total Device Dissipation Po 
(25°c Ambient Temperature) 
(Derate above 25oc) 

9-29 

90; 
7 3 

4 

PIN CONNECTIONS 
(BOITOM VIEW) 

Rating 

60 

40 

5 

200 

+200 

-65 to + 200 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

oc 

Oc 

ONE SIDE BOTH SIDES 

1.6 3.0 w 
9.1 17.2 mw/0 c 

0.5 0.6 w 
2.9 3.4 mw/0 c 



-- Motorola Special and Multiple Transistors --

MDl 123-MDl 125 (continued) 

ELECTRICAL CHARACTERISTICS (each side) 

(At 25° ambient temperature unless otherwise noted) 

Characteristics 

Collector-Base Bteakdown Voltage 
Ile = -10 µAde) 

Collector-Emitter Breakdown Voltage* 
Ile= -10 mAdc) 

Emitter-Base Breakdown Voltage 
(IE = -10 µAde) 

Collector Cutoff Current 
IVcs = -50 Vdc) 
(Vea= -50 Vdc, TA= 15o0c) 

Emitter Cutoff Current 
(VEB = -3 Vde) 

Collector-Emitter Saturation Voltage 
{le = -10 mAdc, Ia = -1 mAdc) 

Base-Emitter Saturation Voltage 
(le "' -10 mAdc, la = -1 mAdc) 

DC Forward Current Transfer Ratio 
(le = -10 µAde, VcE = -10 Vdc) MD1124, MD1125t 
(le = -100 µAde, VcE = -10 Vdc) All Types 
(le = -1 mAdc, VcE = -10 Vdc) All Types 
(le = -10 mAdc, VcE = -10 Vdc) All 'types 

DC Current Gain Ratio ** 
(le = -100 µAde, VcE = -10 Vdc) MDl123t 

MD1124, MD1125t 
(le = -1 mAdc, VcE = -10 Vdc) MDl125t 

Base Voltage Differential 
(IC = -100 µAde, VcE = -10 Vdc) MD1123, MD1124t 

MD1125t 
(le == -1 mAdc, VcE = -10 Vdc) MD11251 

Base Voltage Differential Change 
(le = -100 µAde, VcE = -10 Vdc. 
TA = - ss0c to + 125~C) MDl124, MD1125t 

f-----
Collector Output Capacitance 

(Vea = -10 Vdc, f = 100 kc) 

Small-Signal Forward Current Transfer Ratio 
(le = -20 mAdc, VcE = -20 Vdc, f = 100 me) T0-5 
(le= -20mAde, VcE=-lOVdc, f=IOOme)Flat 

Current-Gain-Bandwidth Product 
(V CE = -20 Vdc, Ic = -20 mAdc) T0-5 
(V CE = -10 Vdc, le= -20 mAdc) Flat 

*Pulse Test: Pulse Width ::s,;,: 300 µsec, Duty Cycles; 2% 
**The lowest hFE reading is taken as hFEl for this ratio 
t Applies to corresponding Flat Package device type also 

Symbol 

BVcso 

BVcEo* 

BVEBO 

1cao 

1EBO 

VcE (sat) 

VBE (sat) 

hFE 

hFE1/hFE2** 

J VsE1-VsE2 I 

A (VBE1-VBE2) 

cob 

hie 

IT 

9-30 

Min Max 

60 -

40 -

5 -

- .010 
- 10 

- 10 

- 0.25 

- 0.9 

20 100 
30 120 
40 160 
50 200 

0.8 1.0 
0.9 1.0 
0.9 1.0 

- 10 

- 5 

- 5 

- 10 

- 4 

2.5 -
2.0 -

250 -
200 -

Unit 

Vde 

Vde 

Vdc 

µAde 

nAdc 

Vde 

Vdc 

-

-

mVdc 

µV/°C 

pf 

-

me 



--Motorola Special and Multiple Transistors --

MD1126 
Moll27 

VcEo= 15V 
le= 200mA 

NPN silicon annular dual-transistors for high-speed 
switching applications. 

CASE 32 
(T0-5) 

ABSOLUTE MAXIMUM RATINGS (each side) 

Characteristics Symbol 

Collector-Base Voltage VcBo 

Collector-Emitter Voltage VCEO 

Emitter-Base Voltage VEBO 

Collector Current Ic 

Operating Junction Temperature TJ 

Storage Temperature Tstg 

Rattn1 

40 

15 

5 

200 

+200 

PIN CONNECTIONS 
(BOTIOM VIEW) 

-65 to +200 

ONE SIDE BOTH SIDES 

Total Device Dissipation PD 
(25°c Case Temperature) 0.75 1.5 
(Cerate above 25°c) 4.3 8.6 

Total Device Dissipation Po 
(25°c Ambient Temperature) 0.30 0.40 
(Cerate above 25oc) 1.7 2.3 

9-31 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Oc 

OC 

w 
mw/0c 

w 
mW/°C I 



I 

-- Motorola Special and Multiple Transistors --

MD1126,MD1127 (continued) 

ELECTRICAL CHARACTERISTICS (each side} 
(At 25° ambient temperature unless otherwise noted) 

Characteristic 

Collector-Base Breakctown Voltage 
(Ic = 1.0 µAde, IE = 0) 

Collector-Emitter Breakdown Voltage* 
(le = 30 mAdc, IB = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 µAde, le = 0) 

Collector Cutoff Current 
(VcB = 20 Vdc, IE = 0) 
(VcB = 20 Vdc, IE = 0, TA= t5o0 c) 

Collector-Emitter Saturation Voltage 
(le = 10 mAdc, IB = 1 mAdc) 

Base-Emitter Saturation Voltage 
Uc = 10 mAdc, IB = 1 mAdc) 

DC Forward Current Transfer Ratio* 
(le = 10 mAdc, VcE = 1 Vdc) 

Output Capacitance 
(VcB = 10 Vdc, IE = 0, f = 100 kc) 

Small-Signal Forward Current Transfer Ratio 
(le = 20 mAdc, v CE = 10 Vd(), f = 100 me) 

Charge-Storage Time Constant 
Uc = IBt = IB2 =10 mAdc) 
(le = IBl = IB2 = 20 mAdc) 

Symbol Min Max Unit 

BVCBO Vdc 
40 ---

BVCEo* Vdc 
15 ---

BVEBO Vdc 
5 ---

1cBo µAde 
--- .025 
--- 15 

VcE (sat) Vdc 
MD1126 --- 0.40 
MD1127 --- 0.25 

VBE (sat) Vdc 
0.7 0.85 

hFE * ---
30 ---

cob pf 
--- 6.0 

hfe ---
3.0 ---

Ts nsec 
MD1126 --- 40 
MD1127 --- 25 

*Pulse Test: Pulse Width ~ 300 µsec, Duty Cycle ~ 2% 

CHARGE STORAGE TIME CONSTANT TEST CIRCUIT 

MD1126 

+ 10 Vdc 

+ llV 

CHARGE STORAGE TIME CONSTANT TEST CIRCUIT 

MD1127 

+5v 

OVL__j 
- gy INPUT PULSE 

9-32 

RISE TIME:=::::; I nsec 
500 SOURCE IMPEDANCE 

0.1 

+. 7V 

IK 

~ 
OUTPUT TO SAMPLING 

OSCILLOSCOPE 
RISE TIME ~ I nsec 

500 INPUT IMPEDANCE 
PULSE WIDTH~ 200 nsec 



--Motorola Special and Multiple Transistors --

Mo1128 Vceo=lSV 
le= 200mA 

NPN silicon annular dual-transistors for high-speed 
switching applications. 

CASE 32 
(T0-5) 

PIN CONNECTIONS 
BOTTOM VIEW 

ABSOLUTE MAXIMUM RATINGS (eachside) 

Characteristic Symbol Rating Unit 

Collector-Base Voltage VcBo 40 Vdc 

Collector-Emitter Voltage VcEo 15 Vdc 

Emitter-Base Voltage VEBO 5 Vdc 

Collector Current Ic 200 mAdc 

Operating Junction Temperature TJ +200 OC 

Storage Temperature Tstg -65 to +200 oc 

ONE SIDE BOTH SIDES 

Total Device Dissipation Po 
(25°c Case Temperature) 0.75 1.5 w 
(Derate above 25°C) 4.3 8.6 mW/°C 

Total Device Dissipation Po 
(25°c Ambient Temperature) 0.30 0.40 w 
(Derate above 25°C) 1.7 2.3 mw/0 c 

CHARGE STORAGE TIME CONSTANT TEST CIRCUIT TURN-ON AND TURN-OFF TIME TEST CIRCUIT 

+ 3 Vdc 

280 

I.SK 0.1~1 

SK 
,_......,..,,,,,_-il--o Vo~ 

.it,: 
v., ~1;Y11=+16Vdc 

+UV t.,,,;V11=-4Vdc v,,=-19Vdc 

ov~ ov-u 
v,ft::::: + 21 Vdc 

9-33 



--Motorola Special and Multiple Transistors --

MD 1128 (continued) 

ELECTRICAL CHARACTERISTICS (each side) 
(at 25°C ambient temperature unless otherwise noted) 

Characteristic 

Collector-Base Breakdown Voltage 
Uc = 10 µAde, IE= 0) 

* Collector-Emitter Breakdown Voltage 
Uc = 10 mAdc, IB = O) 

Emitter-Base Breakdown Voltage 
(IE= lOµAdc,Ic = 0). 

Collector Cutoff Current 
(VcE = 20 Vdc, VBE = 0) 

Collector Cutoff Current 
(Vea = 20 Vdc, IE = O) 
(Vea = 20 Vdc, IE= 0, TA = +150°C) 

Collector-Emitter Saturation Voltage 
Uc = 10 mAdc, 18 = 1 mAdc) 
(le = 50 mAdc, Is = 5 mAdc) 

Base-Emitter Saturation Voltage 
Uc = 10 mAdc, 18 = 1 mAdc) 

DC Forward Current Transfer Ratio 
(le = 10 mAdc, VcE = 1 Vdc) 

Output Capacitance 
(Vea = 10 Vdc, IE= 0, f = 100 kc) 

Small-Signal Forward Current Transfer Ratio 
(le = 10 mAdc, VcE = 20 Vdc, f = 100 me) 

Current-Gain-Bandwidth Product 
(VcE = 20 Vdc, Ic = 10 mAdc) 

Charge-Storage Time Constant 
Uc = ls1 = Is2 = 10 mAdc) 

Turn-On Time 
Uc = 10 mAdc, 181 = 3 mAdc, la2 = 1 mAdc) 

Turn-Off Time 
Uc = 10 mAdc, IBl = 3 mAdc, IB2 = 1 mAdc) 

*Pulse Test: Pulse Width~ 300 µsec, Duty Cycle~ 2% 
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Symbol Min 

BVCBO 
40 

BVcEo * 
15 

BVEBO 
5 

1cES ---
1CBO ------
VcE (sat) 

---
---

VBE(sat) ---
hFE 

25 

Cob 
---

hte 
3.5 

fT 
350 

Ts ---
ton 

---
to ff 

---

Max Unit 

Vdc 
---

Vdc 
---

Vdc 
---

µAde 
10 

µAde 
.025 
30 

Vdc 
0.3 
0.4 

Vdc 
0.9 

---
---

pf 
4 

------
me 

---
nsec 

30 

nsec 
20 

nsec 
35 



--Motorola Special and Multiple Transistors --

MD1129 VcEo = 30V 
lc=200mA 

NPN silicon annular dual-transistors for differential 
amplifiers and other applications requiring a matched 
pair with a high degree of parameter uniformity. 

CASE 32 
(T0-5) 

MD1129 

CASE 33 

MD1129F 

MD1129 MD1130 

(NPN) (PNP) 

PIN CONNECTIONS 
BOTTOM VIEW 

MD1129F MD1130F 

ga~ga~ 
7 4 7 4 

5 5 

ABSOLUTE MAXIMUM RATINGS (each side) 

Characteristic Symbol Rating Unit 

Collector-Base Voltage VCBO 60 Vdc 

Collector-Emitter Voltage VCEO Vdc 
MD1129 30 

Emitter-Base Voltage VEBO 5 Vdc 

Collector Current IC 200 mAdc 
(Limited by PD) 

Operating Junction Temperature TJ +200 'C 

Storage Temperature Tstg -65 to +200 'C 

One Side Both Sides 

Flat Package 
Total Device Dissipation PD 

(25°C Ambient Temperature) 250 350 mW 
Derate above 25°C I. 5 2 mW/'C 

T0-5 Package 
Total Device Dissipation PD 

(25°C Ambient Temperature) 500 600 mW 
Derate above 25°C 2. 9 3. 4 mW/°C 
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--Motorola Special and Multiple Transistors-.-

MDl 129 (continued) 

ELECTRICAL CHARACTERISTICS (each side) 

(At 25° ambient temperature unless otherwise noted) 

Characteristic 

Collector-Base Breakdown Voltage 
(IC = 10 µAde) 

Collector-Emitter Breakdown Voltage* 
(IC = 10 mAdc) 

Emitter-Base Breakdown Voltage 
(~ = 10 µAde) 

Collector Cutoff Current 
(V CB= 50 Vdc) 

(V CB= 50 Vdc, TA= 150°C) 

Emitter Cutoff Current 
(VEB = 3 Vdc) 

Collector-Emitter Saturation Voltage 
(IC = 10 mAdc, 1a = 1 mAdc) 

Base-Emitter Saturation Voltage 
(IC ~ 10 mAdc, IB = 1 mAdc) 

DC Forward Current Transfer Ratio 
(IC = 10 µAde, V CE = 10 Vdc) 

(IC = 100 µAde, V CE = 10 Vdc) 

(IC = 1 mAdc, V CE = 10 Vdc) 

(IC = 10 mAdc, V CE = 10 Vdc) 

DC Current Gain Ratio** 
(IC = 100 µAde, V CE = 10 Vdc) 

(IC = 1 mAdc, V CE = 10 Vdc) 

Base Voltage Differential 
(IC = 100 µAde, V CE = 10 Vdc) 

(IC = 1 mAdc, V CE = 10 Vdc) 

Base Voltage Differential Change 
(IC - lOOµAdc, VCE = 10 Vdc, TA= -55°C to +125°C) 

Collector Output Capacitance 
(V CB = 10 Vdc, f = 100 kc) 

Current-Gain-Bandwidth Product 
(V CE = 10 Vdc, 1c = 20 mAdc) 
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Symbol Min 

BVCBO 
60 

BVcEo* 
30 

BVEBO 
5 

ICBO -
-

~BO -
VCE(sat) -
VBE(sat) -

hFE 
60 

100 

100 

100 

hFEifhFE2** 
0.9 

0.9 

jV BEl -V BE2 i -
-

<i(VBEl-VBE~ -
cob -
f'T 

200 

Max Unit 

Vdc 
-

Vdc 
-

Vdc 
-

µAde 
.010 

10 

nAdc 
10 

Vdc 
0.1 

Vdc 
0. 85 

--
300 

-
-

-
1. 0 

1. 0 

mVdc 
5 

5 

µV/°C 
10 

pf 
8 

me 
-



--Motorola Special and Multiple Transistors --

Mo1130 

CASE 32 CASE 33 
(T0-5) 

MD1130 MD1130F 

ABSOLUTE MAXIMUM 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 
MD1130 

Emitter-Base Voltage 

Collector Current 
(Limited by PD) 

Vceo =40V 
le= 200mA 

PNP silicon annular dual-transistors tor differential 
amplifiers and other applications requiring a matched 
pair with a high degree of parameter uniformity. 

MD1129 MD1130 

(NPN) (PNP) 
PIN CONNECTIONS 

BOTTOM VIEW 

MD1129F MD1130F 

9 2 9 2 Ml Ml 
7 4 7 4 

RATINGS (each side) 5 5 

Symbol Rating Unit 

VCBO 60 Vdc 

VCEO Vdc 
40 

VEBO 5 Vdc 

IC 200 mAdc 

Operating Junction Temperature TJ +200 'C 

Storage Temperature Tstg -65 to +200 'C 

One Side Both Sides 

Flat Package 
Total Device Dissipation PD 

(25°C Ambient Temperature) 250 350 mW 
Derate above 25°C 1. 5 2 mW/°C 

TV-5 Package 
Total Device Dissipation PD 

(25°C Ambient Temperature) 500 600 mW 
Derate above 25°C 2. 9 3.4 mW/°C 
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--Motorola Special and Multiple Transistors --

MDl 130 (continued) 

ELECTRICAL CHARACTERISTICS (each side) 
(at 25°C ambient temperature unless otherwise noted) 

Characteristic 

Collector-Base Breakdown Voltage 
(IC = -10 µAde) 

Collector-Emitter Breakdown Voltage* 
(IC= -10 mAdc) 

Emitter-Base Breakdown Voltage 
(IE= -lOµAdc) 

Collector Cutoff Current 
(V CB = -50 Vdc) 

(VCB = -50 Vdc, TA= 150"C) 

Emitter Cutoff Current 
(V EB = -3 Vdc) 

Collector-Emitter Saturation Voltage 
(IC= -10 mAdc, IB = -1 mAdc) 

Base-Emitter Saturation Voltage 
(IC= -10 mAdc, IB = -1 mAdc) 

DC Forward Current Transfer Ratio 
(IC= -10 µAde, VCE = -10 Vdc) 

(IC= -100 µAde, VCE = -10 Vdc) 

(IC= -1 mAdc, VCE = -10 Vdc) 

(IC = -10 mAdc, V CE = -10 Vdc) 

DC Current Gain Ratio** 
(IC= -100 µAde, VCE = -10 Vdc) 

(IC= -1 mAdc, VCE = -10 Vdc) 

Base Voltage Differential 
(IC= -100 µAde, V CE = -10 Vdc) 

(IC= -1 mAdc, VCE = -10 Vdc) 

Base Voltage Differential Change 
(IC= -100 µAde, VCE = -10 Vdc, TA= -55°C to +125°C) 

Collector Output Capacitance 
(V CB= -10 Vdc, F, = JOO kc) 

Current-Gain - Bandwidth Product 
(V CE = -10 Vdc, IC = -20 mAdc) 

* Pulse Test: Pulse Width ~ 300 µsec, Duty Cycle~ 2% 
** The lowest hFE reading is taken as hFEl for this ratio 
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Symbol Min 

BVCBO 
60 

BVCEO • 
40 

BVEBO 5 

1cBO -
-

1EBO -

V CE(sat) -

V BE(sat) -

hFE 
60 

100 

100 

100 

hFEllFE2 ** o. 9 

o. 9 

IV BEl-V BE21 -
-

'1(VBECVBE2) -

cob -
f 7" 

200 

Max Unit 

Vdc 
-

Vdc 
-

- Vdc 

µAde 
010 

10 

nAdc 
10 

Vdc 
0. 25 

Vdc 
0. 9 

-
-

300 

-
-

-
1. 0 

1. 0 

mVdc 
5 

5 

µV/ 0 c 
10 

pf 
4 

me 
-



-- Motorola Special and Multiple Transistors --

Mo1131 VcEO= 15V 
le= 50mA 

NPN silicon annular dual-transistors for high-
frequency oscillator and amplifier transistors. 

CASE 32 
(T0-5) 

MD1131 

CASE 33 

MD1131F 

ABSOLUTE MAXIMUM RATINGS (each side) 

Characteristic Symbol 

Collector-Base Voltage VCBO 

Collector-Emitter Voltage VCEO 

Emitter-Base Voltage VEBO 

Collector Current IC 

Operating Junction Temperature TJ 

Storage Temperature Tstg 

Total Device Dissipation PD 
@ TA o 25°C 

T0-5 Package 
Derate above 25"C 

Flat Package 
Derate ~bove 2 5' C 
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ga~ 
7 4 

5 

PIN CONNECTIONS 
BOTTOM VIEW 

Rating 

30 

15 

5 

50 

+200 

-65 to +200 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

oc 

'C 

One Side Both Sides 

300 400 mW 
I. 7 2. 3 mW/°C 

250 350 mW 
I. 5 2.0 mW/°C 

I 
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--Motorola Special and Multiple Transistors --

MDl 131 (continued) 

ELECTRICAL CHARACTERISTICS (each side) 

(at 25°C ambient temperature unless otherwise noted) 

Characteristic 

Collector-Base Breakdown Voltage 
(IC = I µAde, IE = 0) 

Collector-Emitter Breakdown Voltage 
(IC = 3 mAdc, IB = 0) 

Emitter-Base Breakdown Voltage 
(IE = JO µAde, le = 0) 

Collector Cutoff Current 
(VCB = 15 Vdc, IE= 0) 

(VCB = 15 Vdc, IE= 0, TA = +150°C) 

Collector-Emitter Saturation Voltage 
(IC = 10 mAdc, IB = I mAdc) 

Base-Emitter Saturation Voltage 
(IC = 10 mAdc, IB = 1 mAdc) 

DC Forward Current Transfer Ratio 
(IC = 1 mAdc, V CE = 5 Vdc) 

Output Capacitance 
(V CB = 10 Vdc, f = 140 kc) 

(V CB = 0 Vdc, f = 140 kc) 

Input Capacitance 
(VEB = 0. 5 Vdc, f = 140 kc) 

Small-Signal Forward Current Transfer Ratio 
(IC = 4 mAdc, V CE = 10 Vdc, f = 100 me) 
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Symbol Minimum Maximum 

BVCBO 
30 -

BVCEO 
15 -

BVEBO 
5 -

1CBO - . 010 

- 1. 0 

V CE(sat) - o. 4 

VBE(sat) - I. 0 

hFE 
50 -

cob - 1, 7 

- 3. 0 

cib 
- 2. 0 

hfe 
6, 0 -

Unit 

Vdc 

Vdc 

Vdc 

µAde 

Vdc 

Vdc 

-

pf 

pf 

-



--Motorola Special and Multiple Transistors --

MD1132 VcEo= 15V 
le= SOmA 

NPN silicon annular dual-transistors for differential 
amplifiers and other applications requiring a matched 
pair with a high degree of parameter uniformity. 

CASE 32 
(T0-5) 

MD1132 

CASE 33 

MD1132F 

ABSOLUTE MAXIMUM RATINGS (each side) 

Characteristic Symbol 

Collector-Base Voltage VCBO 

Collector-Emitter Voltage VcEo 

Emitter-Base Voltage VEBO 

Collector Current 1c 
Junction Temperature TJ 

Storage Temperature Tstg 

Total Device Dissipation 
@TA= 25°C 

Po 

T0-5: MD1132 
Derating Factor Above 250C 

Flat Package: MD1132F 
Derating Factor Above 25°c 
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9a~ 
7 4 

5 

PIN CONNECTIONS 
BOTTOM VIEW 

Rating 

30 

15 

5 

50 

+200 

-65 to +200 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

oc 

OC 

ONE SIDE BOTH SIDES 

300 400 mW 
1. 7 2.3 mw/0c 

250 350 mW 
1.5 2.0 mW/OC 

I 



-- Motorola Special and Multiple Transistors --

MD 1132 (continued) 

ELECTRICAL CHARACTERISTICS (each side) 

(At 25° ambient temperature unless otherwise noted) 

Characteristics Symbol Min Max Unit 

Collector-Base Breakdown Voltage BVcso Vdc 
(le = 1 µAde) 30 -

Collector-Emitter Breakdown Voltage BVcEO Vdc 
(le = 3mAdc) 15 -

Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE = 10 µAde) 5 -

Collector Cutoff Current Icso µAde 
CVcs = 15 Vdc) - .010 
(Vcs = 15 Vdc, TA= 15o0c) - 1.0 

Collector-Emitter Saturation Voltage VcE(sat) Vdc 
(le = 10 mAdc, Is = 1 mAdc) - 0.4 

Base-Emitter Saturation Voltage VBE(sat) Vdc 
(le = 10 mAdc, Is= 1 mAdc) - 1.0 

DC Forward Current Transfer Ratio hFE -
(le= 1 mAdc, VcE = 5 Vdc) 50 -

DC Current Gain Ratio* hFEl/hFE2* -
(le = 1 mAdc, v CE = 5 Vdc) 0.9 1.0 

Base Voltage Differential IVBE1-VBE21 mVdc 
(le = 1 mAdc, VcE = 5 Vdc) - 5 

I 
Base Voltage Differential Change l>(VBE1-VBE2) mVdc 

(le= 1 mAdc, VcE = 5 Vdc, TA= -55 to+25°C) - 0.8 
(Jc = 1 mAdc, VcE = 5 Vdc, TA= +25 to +125°C) - 1.0 

Collector Output Capacitance cob pf 
CV cs = 10 Vdc, f = 140 kc) - 1.7 
(Vcs = o Vdc, f = 140 kc) - 3.0 

Input Capacitance C1b pf 
(VEB = 0.5 Vdc, f = 140 kc) - 2.0 

Small Signal Forward Current Transfer Ratio hie -
( 1c = 4 mAdc,VcE = 10 Vdc, f = 100 me) 6.0 -
*The lowest hFE reading is taken as hFEl for this ratio 
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--Motorola Special and Multiple Transistors --

MD1133 VcEo =30V 

NPN silicon annular dual-transistors for high-current 
saturated switching and core driver applications. 

CASE 32 
(TO-SJ 

MD1133F 

CASE 33 

ABSOLUTE MAXIMUM RATINGS (each side) 

Characteristic Symbol 

Collector-Base Voltage VCBO 

Collector-Emitter Voltage VCEO 

Emitter-Base Voltage VEBO 

Junction Temperature TJ 

Storage Temperature Tstg 

Flat Package 
Total Device Dissipation PD 

(25'C Ambient Temperature) 
Derate above 25° C 

T0-5 Package 
Total Device Dissipation PD 

(25'C Ambient Temperature) 
Derate above 25"C 
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go~ 
7 4 

5 

PIN CONNECTIONS 
BOTTOM VIEW 

Rating Unit 

60 Vdc 

30 Vdc 

5 Vdc 

+200 oc 

-65 to+ 200 oc 

ONE SIDE BOTH SIDES 

250 350 mW 
I. 5 2.0 mW/°C 

500 600 mW 
2. 9 3. 4 mW/°C 

I 
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--Motorola Special and Multiple Transistors -

MDl 132 (continued) 

ELECTRICAL CHARACTERISTICS (each side) 
(At 25° ambient temperature unless otherwise noted) 

Characteristic SJmbol 

Collector Cutoff Current 1coo 

(V CB = 40 Vele, IE= 0) 

(V CB = 40 Vele, IE = 0, TA= 100°C) 

Emitter Cutoff Current 1EBO 

(VCB = 4 Vdc, IC= 0) 

Collector-Base Breakdown Voltage BVCBO 

(IC = lOµAdc, IE = O) 

Collec·tor-Emitter Breakdown Voltage• BVCEO* 

(IC = lOmAdc, pulsed, IB = 0) 

Emitter-Base Breakdown Voltage BVEBO 

(IE = lOµAde, IC = 0) 

Collector Saturation Voltage• V CE(sat)• 

(IC = 150mAdc, IB = 15mAdc) 

(IC = 500mAdc, IB = 50mAdc) 

(IC = 1. OAdc, IB = I OOmAdc) 

Base-Emitter Saturation Voltage• V BE(sat)* 

(IC = 150mAdc, IB = 15mAdC) 

(IC = 500mAdc, IB = 50mAdc) 

(IC = 1. OAd<", IB = IOOmAdc) 

DC Forward Current Transfer Ratio* hFE* 

(IC = 150mAdc, VCE = lVdc) 

(IC = 500mAdc, VCE = lVdc) 

(IC= !Ade, VCE = 5Vdc) 

Output Capacitance cob 

(V CB= lOVdc, IE = O, f = IOOkc) 

Input Capacitan<"e cib 

(V EB = 0. 5Vdc, IC = 0, I = IOOkc) 

Current Gain-Bandwidth Product (T0-5) I 
T 

(IC = 50mAdc, V CE = lOVdc, I = lOOmc) 

Current Gain-Bandwidth Product (Flat) IT 

(IC = 20mAdc, V CE = lOVdc, ! = lOOmc) 

• Pulse Test: Pulse width = 30011se<", duty c·yde = 2% 
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Minimum Maximum 

- o. 50 

75. 0 

- 0.05 

60 -

30 -

5 -

- o. 35 

- o. 60 

- 1. 2 

- 1. 0 

o. 7 1. 3 

- 1. 8 

30 -
30 120 

25 -

- 12 

- 80 

200 -

150 -

Unit 

µAelc 

µAde 

Vdc 

Vdc 

Vdc 

Vdc 

Vdc 

-

pf 

pf 

me 

me 



-- Motorola Special and Multiple Transistors --

Moll34 Vceo=15V 
le = 500 mA (peak) 

NPN silicon annular dual transistor for high-speed 
switching applications. 

CASE 32 
(T0-5) 

ABSOLUTE MAXIMUM RATINGS 

Characteristic 

Collector to Base Voltage 

Collector to Emitter Voltage 

Emitter to Base Voltage 

Collector Current (10/lSec pulse) 
(limited by PD) 

Operating Jun('tion Temperature 

Storage Temperature 

Total Device Dissipation 
25 C Ambient Temperature 
One Side 
Both Sides 

Derate 2. 9rnW 'C above 25 'C (one side) 

Derate 3. 4mW ''C above 25 · C (both sides) 
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Symbol Rating Unit 

VCBO 40 Vdc 

VCEO 15 Vdc 

VEBO 5 Vdc 

1c(peak) 500 mAdc 

T. 
J 

+200 ,c 

Tstg -65 to +200 'C 

PD 

500 mW 
600 mW 

I 



--Motorola Special and Multiple Transistors --

MD 1134 (continued) 

ELECTRICAL CHARACTERISTICS (At 25° ambient temperature unless otherwise noted) 

Characteristic Symbol Minimum Maximum Unit 

Collector Base Breakdown Voltage BVCBO 40 - Vdc 

IC = IOµA, IE = 0 

Collector-Emitter Breakdown Voltq.ge BVCEO* 15 - Vde 

IC = lOrnA, I8 = 0 

Emitter-Base Breakdown Voltage BVEBO 5 - Vdc 

IE = IOµA, IC = 0 

Collector Cutoff Current 1CBO - o. 4 µAde 

VCB = 20V, IE= 0 

Collector Cutoff Cur rent ICBO - 30 µAde 

VCB = 20V, IE= O, TA = I50'C 

Forward Current Transfer Ratio hFE 

IC = lOmA, V CE= IV 50 - -

IC= lOmA, VCE =IV, TA=-55C 20 - -

IC = IOOmA, VCE = 2V 20 - -

Collector Saturation Voltage V CE(sat) - 0. 25 Vdc 

I 
IC = lOmA, IB = lmA 

Base Saturation Voltage VBE(sat) 0. 70 o. 85 Vdc 

IC = IOmA, IB = lmA 

Output Capacitance cob - 4 pf 

V CB = 5V, IE = O, f = 140kc 

Input Capacitance cib - 4 pf 

V EB = IV, IC = O, f = 140kc 

Forward Current Transfer Ratio hie 5. 0 - -
IC = !OmA, V CE= !OV, f = !OOmc 

* Pulse Condition: 

P. W. $. 300µsec, D. C. $. 2% 
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--Motorola Special and Multiple Transistors --

MM2090 
MM2091 

CASE 22 
(T0-18) 

Vos= SOV 
lo =20mA 

• 
Silicon N-channel junction field effect transistors 

for low power switch and amplifier applications in the 
audio frequency range. Double gate configuration is 
provided for greater design flexibility. 

ABSOLUTE MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Reverse Gate-Source Voltage 

Gate I VGIS 50 Vdc 

Gate 2 
VG2S 50 

Drain-Source Voltage VDS 50 Vdc 

Gate !-Gate 2 Voltage VGIG2 Vdc 

MM2090 I 
MM2091 3 

Gate 2-Gate 1 Voltage VG2Gl Vdc 

MM2090 2 
MM2091 6 

Gate Current mAdc 

Gate I 1GI 
20 

Gate 2 1G2 
20 

Drain Current ID 20 mAdc 

Junction Operating Temperature TJ 200 oc 

Storage Temperature Range Tstg -65 to +200 oc 

Total D~vice Dissipation PD 200 mW 
@25"'C Ambient Temperature 

Derating Factor Above 25°C I. 14 mW/°C 
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--Motorola Special and Multiple Transistors --

MM2090, MM2091 (continued) 

ELECTRICAL CHARACTERISTICS 
(At 25° ambient temperature unless otherw.ise noted) 

MM2090 MM2091 J 
Characteristic Symbol Minimum Maximum Minimuml.Mmmum Unit 

Gate 2 Common to Gate 1 

Gate-Source Breakdown Voltage BVGSS 50 - 50 - Vdc 

IG =IO µA, VDS = O, VGIG2 = 0 

Drain-Gate Reverse Current IDGO - . 001 - . 001 µAde 

VDG=25V,Is=O, VG1G2 = O 

Gate Reverse Current IGSS µAde 

V GS= 25 V, VDS = O, VGIG2 = O - o. 001 - o. 001 

VGs=25V, VDS = O, VGIG2 = O, TA= 150°C - 1. 0 - 1. 0 

Zero-Gate-Voltage Drain Current 1DSS o. 2 2.0 1. 5 4. 5 mAdc 

VDS = 10 V, VGIG2 = O, VGS = 0 

Gate-Source Voltage VGS Vdc 

vns=IOV, VG IG2 = O, ID = 20 µA MM2090 o. 2 2. 0 - -
vns=IOV, V GIG2 = O, ID = 150 µA MM2091 - - 1. 0 3. 0 

Gate-Source Cutoff Voltage V GS(off) Vdc 

VDS = 10 V, ID= I µA, VGIG2 = 0 - -2. 5 - -4. 0 

Static Drain-Source "On" Resistance rDS(on) Ohms 

V GS= 0, VDS .= 0 1000 Typ 750 Typ 

Gate 2 Common to Source 

Drain-Gate 1 Reverse Current 1nG10 µAde 

VDGI = 25 V, IG2 = O, IS = 0 - • 001 - • 001 

I 
VDGI = 25 V, IG2 = O, IS= O, TA= 150°C - 1. 0 - 1. 0 

Gate I-Gate 2 Reach Through Voltage VGIG20 Vdc 

IGIG2 = 10 µA, ID = O, IS = 0 I - 3 -

Gate 2-Gate I Reach Through Voltage V G2G!() Vdc 

IG2Gl = IO µA, ID = O, IS = O 2 - 6 -
Gate I - Source Cutoff Voltage VGIS Vdc 

VDS = 10 V, ID = 1. 0 µA, V G2S = 0 - -5 - -8 

Gate 2 - Source Cutoff Voltage VG2S Vdc 

vns=IOV, In= 1.0µA, VG1s=O - -8 - -12 
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--Motorola Special and Multiple Transistors -

MM2090, MM2091 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 
SMALL SIGNAL COMMON·SOURCE CHARACTERISTICS 

MM2090 

Characteristic Symbol Minimum Maximum 

Magnitude of Forward Transfer Admittance IYfsl 

V DS = 10 V, VG IS = V G2S = O, f = 1 k<' 

Gate 2 Common to Source 250 1000 

Gate 2 Common to Gate 1 500 1500 

Reverse Transfer Capacitance Crss 

VDS = 10 V, VGlS = VG2S = 0, f = 1 kc 

Gate 2 Common to Source - 0. 5 

Gate 2 Common to Gate 1 - 2.0 

Input Capaci ta nee ciss 

vos=lOV, VG1s=VG2s=O, f=lkl' 

Gate 2 Common to Source - 5. 0 

Gate 2 Common to Gate 1 - 14 

Magnitude of Output Admittanee 
IYosl 

VDS = 10 V, VGlS = VG2S = O, f = 1 ke 

Gate 2 Common to Gate 1 - 2.0 

9-49 

MM2091 

Minimum Maximum 

400 1600 

800 2400 

- o. 5 

- 2.0 

- 5. 0 

- 14 

- 10 

Unit 

11mhos 

pf 

pf 

µmhos 

I 
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--Motorola Special and Multiple Transistors --

MM2092 Vos= 50V 
10 =20mA 

Silicon N-channel junction field effect transistor for 
AGC and mixer applications. Double gate configura
tion is provided for greater design flexibility. 

CASE 22 
(T0-18) 

ABSOLUTE MAXIMUM RATINGS 

Characteristic 

Reverse Gate-Source Voltage 
Gate I 

Gate 2 

Drain-Source Voltage 

Gate I -Gate 2 Voltage 

Gate 2 -Gate I Voltage 

Gate Current 
Gate I 

Gate 2 

Drain Current 

Junction Operating Temperature 

Storage Temperature Range 

Total Device Dissipation 
!fl 25 C Ambient Temperature 
Derating Factor Above 25 C 

Symbol 

VGIS 

VG2S 

VDS 

VGIG2 

VG2GI 

1GI 
1G2 

1n 

TJ 

Tstg 

PD 
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Rating Unit 

Vdc 
50 

50 

50 Vdc 

5 Vdc 

10 Vdc 

mAdc 
20 

20 

20 mAdc 

200 c 

-65 to +200 c 

200 mW 

I. 14 mW/ C 



--Motorola Special and Multiple Transistors --

MM2092 (continued) 

ELECTRICAL CHARACTERISTICS (at 25°C ambient temperature unless otherwise noted) 

Characteristic Symbol Minimum Maximum Unit 

Gate 2 Common to Gate I 

Gate-Source Breakdown Voltage BVGSS 50 - Vdc 
lG=lOµA, VDs=O, VG1G2=0 

Drain-Gate Reverse Current 1DGO - . 001 µAde 
VDG=25V, ls=O, VGlG2 =0 

Gate Reverse Current 1GSS 
µAde 

VGS = 25 V, VDS = 0, VGIG2 = 0 - 0.001 

VGS = 25 V, VDS = 0, VG1G2 = 0, TA =150 C - 1. 0 

Zero-Gate-Voltage Drain Current 1nss 
mAdc 

VDs= IO v, VGs=O, VG1G2 = 0 3. 0 9. 0 

Gate-Source Voltage VGS Vdc 
VDS = 10 V, VGIG2 = 0, ID= 300 µA 1. 5 5. 5 

Gate-Source Cutoff Voltage VGS(of!) Vdc 
VDS = 10 V, ID= I µA, V GlG2 = 0 - -6. 5 

static Drain-Source "On" Resistance rDS(on) Ohms 
VGS" 0, VDS = 0 500 Typ. 

GATE 2 COMMON TO SOURCE 

Drain-Gate 1 Reverse Current 1DG10 µAde 

VDGl = 25 V, IG2 = 0, IS= 0 - . 001 

VDGI = 25 V, IG2 = O, 18 = O, TA = 150°C - I. 0 

Gate I-Gate 2 Reach Through Voltage V GIG20 Vdc 

IGIG2 = 10 µA, ID= 0, IS= O 5 - I 
Gate 2-Gate I Reach Through Voltage VG2GIO Vdc 

IG2Gl = 10 µA, ID= O, IS= 0 10 -

Gate 1-Source Cutoff Voltage VG!S Vdc 

VDS = 10 V, ID= I. 0 µA, VG2S = 0 - -18 

Gate 2-Source Cutoff Voltage VG2S Vdc 

VDS = IOV, ID= l.OµA, VGIS = 0 - -26 
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--Motorola Special and Multiple Transistors --

MM2092 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

SMALL SIGNAL COMMON-SOURCE CHARACTERISTICS 

Characteristic Symbol Minimum Maximum Unit 

Magnitude of Forward Transfer Admittance /Yrs I µmhos 

VDS = lOV, VG IS = V G2S = 0, f = 1 kc 

Gate 2 Common to Source 600 2700 
Gate 2 Common to Gate 1 1200 3600 

Reverse Transfer Capacitance c rss pf 

Vos=lOV, VG IS = V G2S = O, f = 1 kc 

Gate 2 Common to Source - 0. 5 
Gate 2 Com man to Gate 1 - 2. 0 

Input Capacitance ciss pf 

VDS = IOV, VG IS = V G2S = O, f = 1 kc 

Gate 2 Common to Source - 5. 0 
Gate 2 Common to Gate 1 - 14 

Magnitude of Output Admittance I Yosl µmhos 

VDS =IO V, VGIS = VG2S = O. f = 1 kc 

Gate 2 Common to Gate 1 - 20 

TYPICAL PERFORMANCE 
@ 100 me (Vos= lOV, VG 10 = 0, Go =Signal Rate, Gz Grounded) 

Characteristic Symbol Typical Performance Unit 

Forward Transfer Admittance Yrs 1300 + j 400 µmhos 

Input Admittance Yis 200 + j 800 µmhos 

I 
Output Admittance Yos 125 + j 1600 µmhos 

Maximum Available Gain M.A.G. II. 3 db 

R 11 = 5. 0 k.!2, R22 = 8. 0 k.!2 
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SPECIAL PURPOSE SILICON DIODES 

Devices included in this section: 

1N4386 M4L2054 
1N4387 MV1808 
1N4388 MV1864 
M4L2052 MV1866 
M4L2053 MV1868 

Including: 

VARACTOR DIODES 

VOLTAGE-VARIABLE 
CAPACITANCE DIODES 

4-LA YER DIODES 

RF SWITCHING DIODE 

MV1870 MV1877 
MV1871 MV1878 
MV1872 MV1892 
MV1874 
MV1876 
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• For case outline dimensions, see page 1-26. 
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SILICON POWER VARACTOR DIODES 

Motorola power varactors are designed for use as frequency multiplier out
put stages in RF transmitters requiring higher power VHF /UHF output than 
currently available with high-frequency power transistors. 

Motorola power varactors are fabricated by the formation of a deep-diffused 
silicon junction with a unique impurity profile. The significance of this im
purity profile is the enhancement of nonlinearities due to the fast recovery of 
stored minority carriers after a forward voltage surge. Dependence upon this 
nonlinearity, rather than on capacity variation with reverse voltage, results in 
higher efficiency at high-power levels and considerably less distortion of am
plitude modulated signals. 

For a discussion of Varactor A:i>plications, see page 12-40 

SILICON VOLTAGE-VARIABLE CAPACITANCE DIODES 

Motorola "EPICAP" voltage-variable capacitance diodes are designed for 
electronic tuning and harmonic generation applications. The abrupt junction 
design provides a large variation in capacitance for a change in applied reverse 
bias. 

PARAMETER TEST METHODS 

1. Ls, SERIES INDUCTANCE 
A. PILL/ PILL-PRONG PACKAGE 

Series inductance is calculated. 
B. GLASS PACKAGE 

Ls is measured on a shorted package at 250 me using an 
impedance bridge (Boonton Radio Model 250A Rx Meter). 
L = lead length. 

2. Cc, CASE CAPACITANCE 
Cc is measured on an open package at 1 me using a capaci
tance bridge (Boonton Electronics Model 75A). 

3. C,, DIODE CAPACITANCE 
(Cr = Cc + CJ). Cr is measured at 1 me using a capacitance 
bridge (Boonton Electronics Model 33AS8). 

4. R,, SERIES RESISTANCE and Q, FIGURE OF MERIT 
Rs and Q are calculated by taking the G and C readings of an 
admittance bridge at the specified frequency and substituting 
in the following equations: 

R, = (2•~l'C' Q = 2~C 
(Boonton Electronics Model 33AS8). 
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5. fco. CUTOFF FREQUENCY 
fco is calculated using the equation fco = Qf. 

6. a, DIODE CAPACITANCE REVERSE VOLTAGE SLOPE 
The diode capacitance, Cr (as measured at v,, = 4 Vdc, 
f = 1 me) is compared to Cr (as measured at v,, = 60 Vdc, 
f = 1 me) by the following equation which defines a. 

a= log C,(4) - log C,(60) 
log 60 - log4 

Note that a Cr versus v,, law is assumed as shown in the follow· 
ing equation where Cc is included. 

a is not the same as 'Y. 

Cr=..!S._ 
V• 

7. TC0 , DIODE CAPACITANCE TEMPERATURE COEFFICIENT 
TCc is guaranteed by comparing C1 at v,, = 4 Vdc, f = 1 me, 
T" = -65°C with C1 at v,, = 4 Vdc, f = 1 me, T" = +as·c in 
the following equation which defines TCc: 

TC -IC,(+85"C) - C,(-65"C) I·~ 
c - a5 + 65 c.c2s•c> 

I 
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EPICAP* VOLTAGE VARIABLE CAPACITANCE DIODE DEVICE CONSIDERATIONS 

A. EPICAP NETWORK PRESENTATION FIGURE 7 
The equivalent circuit in Figure 7 shows the voltage capaci- _________ c•-~-1 ~--------

ta nee and parasitic elements of an EPICAP diode. For design r- - • 

purposes at all but very high and very low frequencies, Ls, RJ, l ~· 
and Cc can be neglected. The simplified equivalent circuit of ~ 
Figure 8 represents the diode under these conditions. C, 

-D-e-11-.n-it-io-n-s:------------------O l : . l R, i.. 

c, - Voltage Variable Junction Capacitance • _ _ . ~ _ . 
Rs - Series Resistance (semiconductor bulk, contact, 

and lead resistance) 
Cc - Case Capacitance 
Ls - Series Inductance 
R, - Voltage Variable Junction Resistance (negligible 

above 100 kc) 

B. EPICAP CAPACITANCE VS REVERSE BIAS VOLTAGE 
The most important design characteristic of an EPICAP 

diode is the Cr versus V1 variation as shown in equations 1 and 
2. Since the designer is primarily interested in the slope of Cr 
versus V1., the Cc, Co, "'· and 'Y characteristics have been en· 
compassed by the simplified equation 3. Min/max limits on 
a: (as defined in Note 1) guarantee device Cr over the specified 
Va range. 

C. EPICAP CAPACITANCE VS FREQUENCY 
Variations in EPICAP effective capacitance, as a function of 

operating frequency, can be derived from a simplified equiv· 
alent circuit similar to that of Figure 1, but neglecting Rs and 
R,. The admittance expression for such a circuit is given in 
equation 4. Examination of equation 4 yields the following 
information: 

At low freQuencies, c ... ,,.,. CJ: at very high frequencies 
(f = oo) C.,. =Cc. 

As frequency is increased from 1 me, C... increases until it 
is maximum at w2 = l / LsCJ; and as ""2 Is increased from 
1/LsCJ toward infinity, c ... increases from a very negative 
capacitance (inductance) toward c .... =Cc, a positive 
capacitance. 

Very simple calculations for Ctq at higher frequencies indi· 
cate the problems encountered when capacity measurements 
are made above 1 me. As"" approaches wo = 1/VlsCJ, small 
variations in Ls cause extreme variations in measured diode 
capacitance. 

D. EPICAP FIGURE OF MERIT (Q) AND CUTOFF FREQUENCY (f~l 
The efficiency of EPICAP response to an input frequency is 

related to the Figure of Merit of the device as defined in equa· 
tion 5. For very low frequencies, equation 6 applies whereas 
at high frequencies, where R, can be neglected, equation 5 
may be rewritten into the familiar form of equation 7. 

Another useful parameter for EPICAP devices is the cutoff 
frequency (f,.). This is merely that frequency at which Q is 
equal to 1. Equation 8 gives this relationship. 

E. HARMONIC GENERATION USING EPICAPS 
Efficient harmonic generation is possible with Motorola 

Epicaps because of their high cutoff frequency and break· 
down voltage. Since Epicap junction capacitance varies 
inversely with the square root of the breakdown voltage, har· 
monic generator performance can be accurately predicted 
from various idealized models. Equation 9 gives the level of 
maximum input power for the Epicap and equation 10 gives 
the relationships governing Epicap circuit efficiency. In these 
equations, adequate heat sinking has been assumed. 

l 0-4 

C, = Cc+CJ 

Cr=Cc+--C_._ 
(1 + Y!.)' 

FIGURE 8 

(1) 

(2) 

"' Co= CJ at Va = 0 Va. :::::: Reverse Bias 
"' = Contact Potential, "'= 0.6 Volt 'Y = CJ slope, 'Y = 0.5 

C1=v~a. 

Y = jwC.,. = jwCc + l ~w""~~sCJ 

Q=x"' 
R.., 

Qu 

Q~, = fJl;sCeq 

f •• =Qt ••• = __ l_ 
2rRsC1v1 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

p,,,_, = M(BV~7 p)2 f (9) 

M(x2) = 0.0285;M(X3) = 0.024l;M(x4) = 0.196 

Eff = 1 - N ~ (10) 

N(x2) = 20.8; N(x3) = 34.8; N(x4) = 62.5 

Mand N are constants. 



4-LA YER DIODES 

Motorola 4-layer diodes are forward breakover devices designed for low
voltage, two-terminal switching and triggering applications. These devices 
are recommended for logic circuit applications, as pulse generators, memory 
and relay drivers and relay replacements as well as for alarm circuits, multi
vibrators, ring counters, telephone switching and SCR trigger circuits. 

4-LAYER DIODE SYMBOLS AND DEFINITIONS 

dv/dt 

1,,.,, 

I, 

1.,u ••• 

1 .. 

FORWARD VOLTAGE APPLICATION RATE (V/1,sec)-The 
rate of rise of forward voltage. 

FORWARD BREAKOVER (SWITCHING) CURRENT - The value 
of anode current at the instant the device switches 
from the blocking to the "on" state, specified at a par
ticular junctiorl temperature. 

FORWARD CURRENT - The continuous or DC value of 
forward current during the "on .. state. 

PEAK FORWARD BLOCKING CURRENT - The peak anode 
current when the 4..:Jayer diode is in the "off" state 
for a stated anode-to-cathode voltage and junction 
temperature. 

HOLDING CURRENT - That value of forward anode cur
rent below which the 4-layer diode switches from the 
conducting state to the forward blocking condition. 

PEAK PULSE CURRENT -The peak repetitive current 
that can flow through the device for the time dura
tion stated and staying within the Pn rating. 

PEAK REVERSE BLOCKING CURRENT - The peak current 
when the 4-layer diode is in the reverse blockirig state 
for a stated anode-to-cathode voltage and junction 
temperature. 
STEADY STATE POWER DISSIPATION 
AMBIENT TEMPERATURE 

MECHANICAL CHARACTERISTICS 

--- ........ 
I 

ffi-CATHOOE 

~+ANOOE 
I,.. 

T, JUNCTION TEMPERATURE 
T,19 STORAGE TEMPERATURE 
t.., TURN-ON TIME - The time interval between the 90% 

point (90% of forward blocking voltage) and the 
point 10% above the "on" voltage under stated 
conditions. 

Iott TURN-OFF TIME - The time interval required for the 
device to regain control of its forward blocking char
acteristic after interruption of forward anode current. 

V11.,, FORWARD BREAKOVER (SWITCHING) VOLTAGE -The posi
tive anode voltage with respect to cathode required to 
switch the device from the high impedance blocking 
state to the low-impedance "on" state, specified at a 
particular junction temperature. 

V, FORWARD VOLTAGE -The forward voltage across the 
device in the "on" state under stated conditions of 
current and temperature. 

V,. FORWARD BLOCKING VOLTAGE -The anode-to-cathode 
voltage when the 4-layer diode is in the .. off" state. 

V,M1.,.1 PEAK REVERSE VOLTAGE -The maximum allowable in
stantaneous value of reverse voltage (repetitive or 
continuous DC) which can be applied to the device 
at a stated temperature without damage to t\le device. 

CASE: Void free, Transfer Molded, Thermosetting Silicone Polymer. 
MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 350°C, %"from case for 10 seconds at S lbs. tension. 
FINISH: All external surfaces are corrosion-resistant. 
POLARITY: Cathode indicated by color band. 
MOUNTING PO~TION: Any. 
HANDLING PRECAUTIONS: per MIL-S-19500. 
WEIGHT: 0.40 Grams (approximately) 

RF SWITCHING DIODE 

Silicon RF diode designed for high-power, high-frequency signal switching. 
It is specifically designed as a solid-state replacement for mechanical antenna 
and coaxial relays. 
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-- Motorola Varactor Diodes --

1N4386 VR = 250V 
P0 =37.5W@ 150Mc 

'YJ = 75% (f0 = 150 Mc) 

Silicon varactor diode for high-power frequency mul
tiplication applications. 

CASE 49 
(D0-4) 

cathode connected to stud 

MAXIMUM RATINGS 

Characteristic 

Reverse Voltage 

RF Power Input 

S1mbol 

VR 

Pin 

Total Device Dissipation@ TS = 75°c Po 
(derate 0.25 w/0c above 75 C) 

Junction Temperature TJ 

Storage Temperature Tstg 

ELECTRICAL CHARACTERISTICS (Tc= 25°C) 

Characteristic Symbol Condition 

Reverse Breakdown Voltage BVR Ia = lOµAdc 

Series Resistance Rs Va = 6 Vdc 
f = 50 me 

Junction Capacitance CJ Va= 6 Vdc 
f = 50 me 

Figure of Merit Q Va = 6 Vdc 
f= 50 me 

Power Output pout TRIPLER 
TEST CIRCUIT 

Efficiency 71 Pin = 50 W 
fin = 50 me 
fout = 150 me 
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Rating Unit 

250 Volts 

100 watts 

25 watts 

+175 oc 

-65to+175 Oc 

Min Typ Max Unit 

250 300 - Vdc 

- 0.75 1.5 Ohms 

- 35 50 pf 

75 125 - -

32.5 37.5 - Watts 

65 75 - % 



-- Motorola Varactor Diodes --

1 N4386 (continued) 

35 

POWER OUTPUT versus OUTPUT FREQUENCY 
FOR HARMONIC TRIPLING 

~ P1H - 50 WATTS 

J_ ,......_ -- P1N - 40 WATTS 

700 1 
600 

SERIES RESISTANCE AND FIGURE OF MERIT 
versus REVERSE VOLTAGE 

vF1 k'.'. 
;I,1olc 

0.7 

0.6 

~ - ::s:: 
- --"•~ = 30 WA"lrs 

0.5 §. ~ 
I~ V 

~ 500 

~ Li ::r r--
~ P,; 2owms :........ -- IS \ 

0.4 I 
0.3 Ill 

R, 

_iJ 
v 

i!i 
~ 400 

I:! ii 300 

'" J_ l ~ -~ 

!"-,.. 
0.2 ~ I:! 

_L d 200 

0 
100 

~-
PIN - 10 WATTS 

± J 
200 400 

f.,., OUTPUT FREQUENCY (me) 

' 
~ . 

' 
600 

100 
_f_ 

0 
BOO 0 20 40 60 80 100 120 140 

V., REVERSE VOLTAGE (VOLTS) 

0.1 

0 
160 180 200 

.i 

50 me TO 150 me TRIPLER TEST CIRCUIT 

Lo 

APPLICATION NOTES 
VARACTOR CHARACTERISTICS: 

,, 

270 K 

The I N4386 is designed .for RF power inputs up to 100 
watts and for output frequencies up to 300 me. Although 
power handling capability is stressed in device construction, 
high-multiplication efficiency is maintained with input pow
ers as low as 10 watts. 

Where frequencies with input powers below 10 watts are 
to be multiplied, or where higher output frequencies are 
desired, the 1 N4387 varactor diode is recommended. That 
device is designed for maximum power levels up to 40 watts 
and output frequencies up to 600 me. (see the IN4387 data 
sheet for device specifications.) 

Both the IN4386 and IN4387 power varactors are fab
ricated by the formation of a deep diffused silicon junction 

:;:!1ri~t~~i~f~~~ii~~%Kt:rs1~n~::c~~~!~ ~Fo~:1~:!a~?ti!; 
due to the sharp recovery of stored minority carriers injected 
during the forward voltage swing. This increased nonlinear
ity results in better efficiency retention at high power 
levels and considerably less distortion of amplitude 
modulated signals. 

Published design theory for abrupt junction varactors can 
be used for approximate calculations of diffused varactor 
impedance and power handling capability, but the engineer 
is cautioned to use the results of such calculations for per
formance estimates only. Functional specifications and 
circuit-determined curves are included with data sheet infor
mation in order to facilitate circuit design. 

The D0-4 package is well suited to varactor shunt circuits 
as the stud can be mounted to a chassis for ground and heat 
sink purposes. 

DIAMETER 
Caxl. LENITH Un1ld1J TURNS WIRE DIA. 

L, l'lfi" 11/16" 7 3/32" 

L, IV." 11/16" 4'!1. 3/32" 

L, ]1/4" ¥J 3¥> 3/32" 

c, 2.8-11 pf E. F. JOHNSON 167·1 VARIABLE CAPACITOR 

c, 6.7-140 pl HAMMARLUNO APC-140 VARIABLE CAPACITOR 

c, 3.0·25 pf HAMMARLUND APC-25 VARIABLE CAPACITOR 

c, 2.9-35 pf HAMMARLUNO MAPC-35 VARIABLE CAPACITOR 

c, 3.0-25 pf HAMMARLUND APC·25 VARIABLE CAPACITOR 

GENERAL DESIGN CONSIDERATIONS, 

In the design of varactor harmonic multipliers, lumped 
circuit techniques are useful up to 450 me with little per
formance degradation provided coil and capacitor 0 Q" 
values of 200 to 300 are maintained. 

Above 450 me, coaxial, stripline, or helical coil resonators 
are .. recommended. Component values are not particularly 
critical; however, excessive inductance or insufficient cou
pling can cause low efficiency, and insufficient inductance or 
excessive coupling can cause poor :filtering. Simple experi
mentation with well constructed and shielded breadboards 
is generally sufficient for circuit optimization. Note that an 
adequate tuning range must be provided to insure input 
match over normal varactorvariations, and that spurious 
signals between stages should be kept below 30 db by suit
able filter circuits. 

If self bias is used, bias resistor values between 68K and 
270K ohms are optimum. The higher values give more effi· 
cient operation, whereas the lower values permit more linear 
operation. Amplitude modulated signals can be passed with 
relatively low distortion if R..B i= IOOK ohms and the varac
tor RF input power level is kept less than 65 % of the rated 
maximum limit. 

For all multiplications other than doubling, idler circuits 
should be provided in order to optimize circuit efficiencies. 

In typical applications doubling efficiency is 5 % 
greater than that for tripling and quadrupling efficiency 
S % less than that for tripling. (See data sheet curves.) 
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-- Motorola Varactor Diodes --

1N4387 VR= 150V 
P0 = 18W@450Mc 
'f/ = 60% (f0 = 450 Mc) 

CASE 49 
(D0-4) 

Silicon varactor diode for high-power frequency mul
tiplication applications. 

cathode connected to stud 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Reverse Voltage VR 150 Volts 

RF Power Input pin 40 Watts 

Total Device Dissipation@ Tc = 75°c Po 20 Watts 
(derate 0.2 w/0c above 750C) 

Junction Temperature TJ +175 oc 

Storage Temperature Range Tstg -65 to+175 Oc 

ELECTRICAL CHARACTERISTICS (Tc= 25°) 

Characteristic Symbol 

Reverse Breakdown Voltage BVR 

Series Resistance Rs 

Junction Capacitance CJ 

Figure of Merit Q 

Power Output Pout 

Efficiency T/ 

POWER OUTPUT versus OUTPUT FREQUENCY 
FOR HARMONIC TRIPLING 

30 

P," I 40 WATIS 
25 --

l !"'-,,. 
P1N = 30 WATIS ~ 

I ~ ' 
20 

P, ... - 20 WATIS "I -- '• 
15 

10 I ~ 
PIN= 10 WATIS 

± -
I 

Condition Min Typ Max Unit 

IR = lOµAdc 150 200 - Vdc 

VR = 6 Vdc - 1.0 1.5 Ohms 
f = 50 me 

VR = 6 Vdc 
f = 50 me - 25 35 pf 

VR = 6 Vdc 150 200 - -f = .fill...m.c 

TRIPLER 
CIRCUIT 15 18 - Watts 

Pin= 30 W 
fin = 150 me 50 60 - % 
fout = 450 me 

SERIES RESISTANCE ANO FIGURE OF MERIT 
versus REVERSE VOLTAGE 

12001-t-+-+-l-+-+-t--t-+-+-i-+-t.of"'~+-l-+-+-+-i 1.2 "' 

~ ~ ~ 1000 t-rt-+--t->-+-+-+-+-+-Pl"'l.-!I<+--+-+-+-+->-+-+-+--< 1.0 e 
; Q~ ~ 
~800 v 0.8~ 

~ f-50mc O.&; 
~~ ~ ~ 
0 400 !S.L o.4 ~ 

t~~t-l~~:ttt~'ti:t::J:=ti;t;ttjjjj ~ 
~w u 

0 0 0 
100 200 400 600 800 0 20 40 60 80 100 120 140 160 180 200 

fou1, OUTPUT FREQUENCY {me) V,, REVERSE VOLTAGE (VOLTS) 
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-- Motorola Varactor Diodes --

1N4388 VR=lOOV 
Cr= 10pf 
T/ = 60% (f0 = 1000 Mc) 
Po= 12W@ 1000Mc 

Silicon varactor diode for high-frequency harmonic 
generation applications. 

CASE 49 
(D0-4) 

cathode connected to stud 

MAXIMUM RATINGS (Tc= 25°C unless otherwise noted) 

Characteristics Symbol 

Reverse Voltage VR 

Forward Current IF 

RF Power Input P. 
m 

Total Device Dissipation@ TC = 75°C PD 
Derate above 75 °C 

Junction Temperature TJ 

Storage Temperature Tstg 

Rating 

100 

1 

25 

10 

0.10 

+175 

-65 to +175 

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

Characteristics Symbol Condition Min Typ 

Reverse Breakdown Voltage BVR IR= 10 µAde 100 150 --- --
Reverse Current IR VR = 75 Vde -- 0. 5 

VR = 75 Vde, TA= 150°C -- ----- -- --
Series Resistance __'.]__ V R = 6 Vde, I = 50 me -- I. 2 

-- --
Diode Capacitance CT . V R = 6 Vde, I~ 50 me -- 10 

V R = 90 Vde, I = 50 me -- 5 -- -- --
Figure of Merit Q V R = 6 Vde, f = 50 me 200 300 

VR = 90 Vdc, f = 50 me 1000 ---- -- ---- -- --
Power Output 

TEST CIRCUIT 
11. 0 p (Figure 1) 12. 0 

~ 
Pin= 20 W, fin = 500 me -- --

Efficiency ~ 55 60 
lout = 1000 me 

l 0-9 

Unit 

Volts 

Amp 

Watts 

Watts 

W/°C 

'C 

'C 

Max Unit 

-- Vde -- --
2 µAde 

100 
-- --

2. 0 Ohms -- --
20 pF 

10 -- ---- --
---- ---- --
-- Watts -- --
-- % 



-- Motorola Varactor Diodes --

1 N4388 (continued) 

i 

FIGURE OF MERIT versus REVERSE VOLTAGE 
3000 

2000 

1000 

500 

200 

100 

50 

1~1 5o~e 

ZI 

~ 

20 

10 
1.0 2.0 

L 

2i0~ J..'1 

I-"' 
v -85'C 

,L_ 

~ 

5.0 10 20 50 

V,, REVERSE VOLTAGE !VOLTSJ 

100 

TRIPLING (X3) 
20~~~~~~--~~~~~~~~ 

POWER OUTPUT versus OUTPUT FREQUENCY 
DOUBLING (X2l 

20~~T~-~-~~-~-~-~~ 

15t--1-+H-:i::+-"l"''!--l-o1:::oL U-+-1--+-+-t-+-+--< 

~ i 
i 101--t-t-lr-+-t---+---t---+-+--+-+--+-+-t-+"""~f--,-i 
I 
~ N 

P,0 -3W 
0'---'--.1..-J-'--'----'----'---'-'--'-'---'--'--'--'--'---' 
100 200 300 400 500 700 1000 1200 

f, OUTPUT FREQUENCY (mcl 

QUADRUP~ING ()(4) 

I lOl--H-+-++---l---l-+-+-+-+N-+t--jN-+t---'F'"f"""1 

i J.1J +-IC-t-t-1-t--t-....,""" 

j 

P,. 3W 
~oo~-'--~-'-2,.;oo,.--'-""300c--'-4,.,oo,.-...,50""0-'--,1'"'00~~1°"00""0 ""1200 

I, OUTPUT FREQUENCY Imel 

o~-'--~-'-~-'-~p'-"~3-W~~-'--'-~..._~ 
100 200 300 400 500 700 1000 1200 

I, OUTPUT FREQUENCY Imel 

FIGURE 1 - HARMONIC DOUBLER EFFICIENCY TEST CIRCUIT 
500 MC COAX CAVITY 1000 MC COAX CAVITY 

~~:: ru-- - --,r+;----+-l-ME-GO-HM+--....;iHf-------------~._--__ --lE-1..::• 
I I I 

I I o.s.12pr I L_____ __J L __________ J 
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-- Motorola Varactor Diodes --

MV 1808A, B, c 

cathode cathode 

~ ' (pill) (pill w/p) 
MV1808A MV1808B 
CASE 48 CASE 46 

cathode 

VR=75V 
Po = 7.2 W @ 2 Ge 
1J = 60% (fo = 2 Ge) 

\ 
~artridge) 

V1808C 
CASE 47 

Silicon varactor diodes for high-frequency harmonic generation applications. 

MAXIMUM RATINGS (TA= 25'C unless otherwise noted) 

Characteristics ~mbol Rati~ Unit 
Reverse Voltage v..R 75 Vdc 

Forward Current IE 0.25 Ade 

RF Power Input p_in_ 15 Watts 

Total Device Dissipation@ TC "75'C PD 5. 5 Watts 

Derate above 75'C 45 mW/'C 

Junction Temperature T..J.. 200 'C 

storage Temperature Tstg_ -65 to +200 'C 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted) 

Characteristics ~mbol Condition Min fu!_ Max Unit 
Reverse Breakdown Voltage B':a ~= IOµAdc 75 80 - Vdc 

Reverse Current ~ VR = 60 Vdc - 0. 5 I µAde 

VR = 60 Vdc, TA = 150°C - - 100 

Series Resistance ~ ':'.a= 6 Vdc, f = 50 me - o. 5 - Ohms 

Diode Capacitance CT • VR =6Vdc, f = 50 me 5.0 5.8 7. 5 pf 

':'.a= 70 Vdc, f = 50 me - 4 -
FigUre of Merit Q ':a= 6 Vdc, f = 50 Inc - 1100 - -

Power Output Pnut_ DOUBLER TEST CIRCUIT 6.0 7. 2 - Watts 

Efficiency ~ Pin = 12 W, fin = I gc 50 60 - % 
!cm_= 2 gc 

Thermal Resistance ~ - 19 23 "C/Watt 

10-11 
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-- Motorola Varactor Diodes --

MVl SOSA, B, C (continued) 

HARMONIC DOUBLER EFFICIENCY TEST CIRCUIT 

2GCCQAXCAVITY 

,-ll..----<t--+---i-4~-+---~2GC 
1Z...-50!l 

JGC<>-_._ _ _, 

z.,-50!1 
Pill=l2W 

I 

20KOHM I 
I 

~-
I MEGOHM 

I 

POWER OUTPUT versus OUTPUT FREQUENCY 

DOUBLING (X2) 
11--~:i;::::::::::----~-~--------, 

/ ... 101--,__,,,_::i--__ i-.....>-"'"~+---+----+--!--__, 

9.0'-----j;:=±-_"J--"1';;::-----t::---::t--11 1 / r-...... NP,,-151 
8.0l-~-l----+-...::::-..J,_-=b'."-=1.;_-+--l 

; 7.0 f':._ P,,-J2W---1------< 

I sol--l--t-......1-=,,,,,,_kcr'---++---+--+--l 

Ill 5.0l--_-.J.---1--+----t="""'-.j.=::t:_:::--P,, - 9W--1 

~ 4.o~===t===1~::j:-==~+-~:::;t:~==~P,~. -:s~wj .J 3.0>-
2.0 -+- I 3W 

Pr., IW-, 0 

0•'--5~00--1000,_,___!~500.,.-~2000,_,___2~500.,.--,,30~00=---='3500 

f,.., OUTPUT FREQUENCY Imel 

TRIPLING (X3) 
8.o--~---~----~---~ 

O~ 4.o r---._ I 
t--- P,'.-sw I 3.ol----1---_J_--+---+---==i:,,,.....;,!;.......:"'--

J 2.0r---t=t---t=;;;f::::::l=--1::::-PP;,,, ;;:3~Wrl 
o l----:i:.:.:.-:=,t:.:.:.-:i::-::_-::_t.-::_-::_-::_j_:::~"-p,,,--~1=w-1 
oL-.-..l---1---~---'----'---l'----' 500 1000 1500 2000 2500 3000 3500 

f0 ut. OUTPUT FREQUENCY Imel 

QUADRUPLING (X4) 
5.0 

500 1000 3000 3500 

1 ••. OUTPUT FREQUENCY (me) 

TYPICAL CHARACTERISTICS at 2s·c. 
FIGURE OF MERIT versus RE'IERSE VOLTAGE 

2000·---1-1-----------~-

-Psomc ~ 
lOOO<L_.L.-L.J.~ _ __Jl----J....--l--~-l-17....A'--'-l-~h 

]7 

lOOL-.L.....J-'-.J....1.---'-...J....--'---L--'--'-'-'-....._. 
0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

V1, REVBISE VOLTAGE IVdcl 
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-- Motorola Voltage-Variable Capacitance Diodes --

Mv1864A 

cathode 

Cr=6.8 pf 
VR=60V 
fco = 150 Ge 

Max RF P;n = 5 W 

Silicon voltage variable capacitance diode for elec
tronic tuning and harmonic generation applications. 

CASE 48 

MAXIMUM RATINGS (Tc= 25°C unless otherwise noted) 

Characteristics Symbol Rating Unit 

Reverse Voltage VR 60 Volts 

Forward Current IF 250 mA 

RF Power Input (Note 1) P. 
m 

5 Watts 

Device Dissipation@ TA= 25°C PD 500 mW 

Derate above 25°C 3.33 mW/°C 

Device Dissipation@ TC = 25°C Pc 2 w 
Derate above 25°C 13.3 mW/°C 

Junction Temperature TJ +175 ·c 

storage Temperature Tstg -65 to +200 •c 

Note 1. The RF power input rating assumes that an adaquate heat sink is provided. 

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

Characteristics Symbol Test Conditions Min TJP Max Unit 

Reverse Breakdown Voltage BVR IR= 10 µAde 60 75 -- Vdc 

Reverse Voltage Leakage Current IR VR 0 48 Vdc -- -- 0. 5 µAde 

VR :48 Vdc, TA= 75°C -- -- 10. 0 

Series Inductance LS See Note 1 -- 0. 4 1 nhy 

Case Capacitance CC f = 1 me, L-0 0. 6 0. 8 1.0 pF 

Diode Capacitance CT V R = 4 Vdc, f = 1 me 6.1 6. 8 7. 5 pF 

Series Resistance RS V R = 4 Vdc, f = 100 me -- 0. 5 0. 9 ohm 

Figure of Merit Q V R = 4 Vdc, f = 100 me 300 400 -- --
V R = 60 Vdc, f = 100 me 1000 1500 --

Cutoff Frequency 1co V R = 60 Vdc, f = 100 me -- 150 -- gc 

Diode Capacitance Reverse Voltage Slope " V R = 4 Vdc, f = 1 me 0. 33 0. 35 0. 37 

Diode Capacitance Temperature Coefficient TCC VR = 4 Vdc, f = 1 me 200 300 ppm/°C 
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-- Motorola Voltage-Variable Capacitance Diodes --

MVl 864A (continued) 

f, FREQUENCY fmcl 

o-~~Dl_OO_E~CA_P~AC_IT~AN~C~E'~'mis~_RE_n~H~E~YO~L~TA~GE~~ 

~-1s·Z 
f=lmc 

21.........J....-L..-.!--...l-L...J...J...J...J...J....-'--.l.--'---'-....L.J 
1 

Mv1866 
MV1868 
Mv1871 
Mv1877 

10 20 40 60 

v,, REVERSE VOLTAGE IVOLTSI 

FIGURE OF MERIT versus FREQUENCY 

~ 10001-----+--+-+--~~"'-+-+--l--+-+-t--1 

K 
7001-----+--+-+--+--+-"'~""~--.Jl--+-H 

~ 
5001-----+--l----+--.Jl-----+-+--l-...P..~'t---+-4 

300'-------'---'--"----'---'---'---.Jl--L......1--1....J 
10 20 30 50 70 100 

f, FREQUENCY !mcl 

FIGURE OF MERlhersusRMRSE VOLTAGE 
10---.-:.:.;;::.c;::..;cc.::c:~"-.'--'-'-'-'-'-'-_:_;...:.c:.;___~ 

71---1--l-~e-l--l----+--+----+--l--~1;7,__, 
L 

51--l---l--l--1-1--1--~-l----l-~~]7~~~-+--I 
L 

31- NORMALIZED TO Q IV, - 4Vl --1-I7__.'l-V----+--l--I--' 
T" = 25°C 

f=lOOmc / 

2 v v 

10 20 40 60 

V,, REVERSE VOLTAGE IVOLm 

Cr= 10-39 pf 
VR=60V 
fco=45 Ge 

Silicon voltage variable capacitance diode for elec
tronic tuning and harmonic generation applications. 

CASE 51 
(00-7) 

polarity band on cathode end 
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-- Motorola Voltage-Variable Capacitance Diodes --

MVl 866, MVl 868, MVl 871, MVl 877 (continued) 

MAXIMUM RATINGS (Tc= 25°C unless otherwise noted) 

Characteristic Symbol 

Reverse Voltage VR 

Forward Current IF 

RF Power Input P. 
In 

Total Device Dissipation PD 
at 25°C Ambient 

Above 25 'C Derate -
Jwtction Temperature TJ 

Rating 

60 

250 

5 

400 

2. 67 

+175 

storage Temperature Tstg -65 to +175 

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

Characteristic Symbol Test Conditions Minimum Typical 

Reverse Breakdown Voltage BVR IR = 10 µAde 60 75 

Reverse Current IR VR = 48 Vdc -

Reverse Current IR VR = 48 Vdc, TA= 75°C - -

Series Inductance LS f = 250 me, L = i/16,; - 5 

Case Capacitance cc f = 1 me, L ~ 1/16" o. 20 0. 25 

Diode Capacitance CT V R = 4 Vdc, f = 1 me 

MV1866 9.0 10.0 
MV1868 10. 8 12.0 
MV1871 16. 2 18. 0 
MV1877 36.1 39.0 

Series Resistance RS V R = 4 Vdc, f = 50 me 

MV1866 o. 80 
MV1868 0. 76 
MV1871 0. 65 
MV1877 o. 33 

Figure of Merit Q V R = 4 Vdc, f = 50 me 

MV1866 300 400 
MV1868 300 350 
MV1871 200 275 
MV1877 175 250 

Figure of Merit Q V R = 60 Vdc, f = 50 me 700 900 

Cutoff Frequency f V R = 60 Vdc, f = 50 me - 45 
co 

Diode Capacitance vs Cl VR=4Vdc, f=lmc 
Reverse Voltage Slope MV1866 .38 .40 

MV1868 . 38 .40 
MV1871 . 38 . 41 
MV1877 .43 .45 

Diode Capacitance TC V R = 4 Vdc, f = 1 me - 200 
Temperature 
Coefficient 

10-15 

Unit 

Volts 

mA 

Watts 

mW 

mW/'C 

'C 

'C 

Maximum Unit 

- Vdc 

0.5 µAde 

10.0 µAde 

10 nhy 

0. 30 pf 

pf 

11.0 
13. 2 
19. 8 
42. 9 

Ohms 

1. 18 
1. 01 
0. 98 
0. 50 

-

- gc 

. 43 

.43 

. 43 

. 47 

300 PPM/'C 



-- -Motorola Voltage-Variable Capacitance Diodes --

Cr= 15-47 pf MV1870 
MV1874 
Mv1878 

I ~=~V 
fco = 45 Ge 

I polarity band on cathode end 

Silicon voltage variable capacitance diode for elec-
CASE 51 tronic tuning and harmonic generation applications. 

(D0-7) I 
MAXIMUM RATINGS (TA= 25'C unless otherwise noted) 

Characteristic Symbol Rating Unit 

Reverse Voltage VR 60 Volts 

Forward Current IF 400 mA 

RF Power Input P. 5 Watts m 
Total Device Dissipa- PD 400 mW 

tion @25°C Amb. 

Above 25°C Derate - 2. 67 mw/°C 
Junction Temperature TJ +175 oc 

Storage Temperature Tstg -65 to +200 ac 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise specified.) 

Characteristic Symbol Test Conditions Minimum Typical Maximum Unit 

Reverse Breakdown Voltage BVR IR = 10 µAde 60 75 - Vdc 

Reverse Current IR VR = 48 Vdc - - 0. 5 µAde 

Reverse Current IR VR = 48 Vdc, TA= 75°c - - 10.0 µAde 

See Figure 1 

Series Inductance LS I = 250 me, L = 1/16" - 5 10 nhy 

Case Capacitance c c f = 1 me, L ~ 1/16" 0. 2 0. 25 0.3 pl 

Diode Capacitance CT V R = 4 Vdc, I = 1 me pl 

MV1870 13. 5 15 16. 5 
MV1874 24. 3 27 29. 7 
MV1878 42. 3 47 51. 7 

Series Resistance RS VR = 4 Vdc, I= 50 me Ohms 

MV1870 - 1. 07 1. 2 
MV1874 - 0. 6 0. 66 
MV1878 - 0. 35 0. 38 

Figure of Merit Q V R = 4 Vdc, f = 50 me 200 250 - -
MV 1878 175 

Figure of Merit Q VR = 60 Vdc, I = 50 me 700 900 - -

Cutoff Frequency I VR = 60 Vdc, I =50 me co - 45 - gc 

See Figure 1 

MV 1870 . 38 . 41 . 43 
Diode Capacitance vs a V R = 4 Vdc, f = 1 me . 43 . 45 . 47 -

Reverse Voltage Slope MV 1874 MV 1878 

Diode Capacitance TC V R = 4 Vdc, f = I me - 200 300 PPM/'C 
Temperature Coefficient 
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-- Motorola Voltage-Variable Capacitance Diodes --

Mv1871 

Mv1872 

For Specifications, see MV1866 Data Sheet 

I 

polarity band on cathode end 

Cr= 22 pf 
VR=60V 
fco =45 Ge 

CASE 51 
(D0-7) 

I 

Silicon voltage variable capacitance diode for elec
tronic tuning and harmonic generation applications. 

MAXIMUM RATINGS (Tc= 25°C unless otherwise noted) 

Characteristics Symbol Rating Unit 

Reverse Voltage v_.R 60 Volts 

Forward Current I_E 400 mA 

RF Power Input (Note 1) ~ 5 Watts 

Device Dissipation@ TA = 25°C PD 400 mW 

Derate above 25 C 2.67 mW/ C 

Device Dissipation @ TC = 25 c Pc 2 w 
Derate above 25 C 13.3 mW/ C 

Junction Temperature TJ +175 c 

Storage Temperature Ts!g_ -65 to +200 c 

Note 1. The RF power input rating assumes that an adaquate heat sink is provided. 

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

Characteristics Srmbol Test Conditions Min Typ Max Unit 

Reverse Breakdown Voltage BVR IR= 10 µAde 60 75 -- Vdc 

Reverse Voltage Leakage Current IR VR = 48 Vdc -- -- 0. 5 µAde 

VR = 48 Vdc, TA= 75°C -- -- 10.0 

Series Inductance LS f = 250 me, L - 1/16" -- 5 10 nhy 

Case Capacitance CC f = 1 me, L - 1/16" 0. 2 0. 25 0. 3 pF 

Diode Capacitance CT V R = 4 Vdc, f = 1 me 19. 8 22 24. 2 pF 

Series Resistance RS VR = 4 Vdc, f = 50 me -- 0. 6 0. 82 ohm 

Figure of Merit Q VR = 4 Vdc, f = 50 me 200 250 -- --
V R = 60 Vdc, f = 50 me 700 900 --

Cutoff F.requency 1co VR = 60 Vdc, f = 50 me -- 45 -- gc 

Diode Capacitance Reverse Voltage Slope " V R = 4 Vdc, f = 1 me 0.43 0.45 0.47 

Diode Capacitance Temperature Coefficient TCC V R = 4 Vdc, f = 1 me 200 300 ppm/'C 
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-- Motorola Voltage-Variable Capacitance Diodes --

MVl 872 (continued) 

50 DIODE CAPACITANCE rersus REVERSE VOLTAGE 10~~~F~1a_u_RE~O~F M_E_Rl_Tv_e_rsu_s_REVE~R_SE_V~OL_TA_G_E ~~ 

30 ~ 
1'--
~ 

t-, 

r ... = 2s0 c I'-. f=lmc ~ ::s: 

5 
10 20 

V,, REVERSE VOLTAGE IVOLTSI 

PARALLEL EQUIVALENT 

500 
DIODE ADMITTANCE versus FREQUENCY 

~ 200 

.'! 100 
!;! 

t- T, ~ 25°C 
t- VR =4Vdc 

i:' 50 

~ 
:s 20 

~ 
~ 10 

2" 5.0 
o! L 

L 
2.0 

1.0 
10 

I7l 
L 

20 

MV1874 

Gj7" 
L 

k'.'.'. _j_ 

z 
IL av 

7 

y G+ j8 
G~ 1/R, 

B_l ..Cj_ 
50 100 200 

f, FREQUENCY Imel 

~ 

40 60 

Sx.105 

1 

1 o• 
500 

f- NORMALIZED TO Q (VR = 4 V) v 
r ... = 2s0 c 
f~IOOmc ~ 

1~ 

v 

4 10 30 40 

V,, REVERSE VOLTAGE IVOLTSI 

FIGURE OF MERITversus FREQUENCY 
1000 

I'-. 
.......... 700 

500 
~ 

200 f-- T,~25°C 

100 
10 

V,~Vdc 

20 

""" ~ ~ rs: 
I"-

30 50 

f, FREQUENCY (me) 

~ 

70 

For Specifications, see MV1870 Data Sheet 

10-18 

60 

100 



-- Motorola Voltage-Variable Capacitance Diodes --

MV1876 Cr= 33 pf 
VR=60V 
fco = 45 Ge 

CASE 51 
(D0-7) I Silicon voltage variable capacitance diode for elec

tronic tuning and harmonic generation applications. 

/ polarity band on cathode end 

MAXIMUM RATINGS (Tc =25'C unless otherwise noted) 

Characteristics Symbol Rating Unit 

Reverse Voltage VR 60 Volts 

Forward Current IF 250 mA 

RF Power Input (Note 1) P. 5 Watts 
rn 

Device Dissipation@ TA = 25°C PD 400 mW 

Derate above 25°C 2.67 mW/°C 

Device Dissipation@ TC= 25°C PC 2 w 
Derate above 25°C 13.3 mW/°C 

Junction Temperature TJ +175 oc 

Storage Temperature Tstg -65 to +200 oc 

Note 1. The RF power input rating assumes that an adaquate heat sink is provided. 

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

Characte~stics Symbol Test Conditions Min TJP Max Unit 

Reverse Breakdown Voltage BVR IR= 10 µAde 60 75 .. Vde 

Reverse Voltage Leakage Current IR VR = 48 Vdc 
.. -- µAde 

VR = 48 Vdc, TA =75°c .. .. 10. 0 

Series Inductance Lg I = 250 me, L - 1/16" .. 5 10 nhy 

Case Capacitance cc f = 1 me, L - 1/16" 0.2 0. 25 0. 3 pF 

Diode Capacitance CT VR = 4 Vdc, f = 1 me 29. 7 33 36. 3 pF 

Series Resistance Rg V R = 4 Vdc, f = 50 me .. 0. 4 0. 55 ohm 

Figure of Merit , Q V R = 4 Vdc, f = 50 me 200 250 .. --
V R = 60 Vdc, f = 50 me 700 900 --

Cutoff Frequency 1eo V R = 60 Vdc, f = 50 me -- 45 -- ge 

Diode Capacitance Reverse Voltage Slope a V R = 4 Vdc, f = 1 me 0.43 0.45 0.47 

Diode Capacitance Temperature Coefficient TC C VR=4Vdc, f='lmc 200 300 ppm/°C 
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-- Motorola Voltage-Variable Capacitance Diodes -

MVl 876 (continued) 

FIGURE Of MERIT mus REVERSE VOLTAGE DIODE CAPACITANCE u111s REVERSE VOLTAGE 
0 

12'1 7 71 

o~~~~~~~~~~~~~~~ 

f fT 

~ 5 v ~ ~l---1--1--l--l-'~l"-~~~~l--l---l--l-1-J 

"1-
3 [7 

/ 2 

J7 
NjMAlllED Tr Q 1y, 4 V. ' -1--f TA= 256C 

J .... .J ...... ~JOOmc 

10 20 4Q 60 

v,, REVERSE VOLTAGE IVOLTSJ V,, REVERSE VOLTAGE IVOlTSI 

PARALLEL EQUIVALENT 

JllllO DIODE ADMITTANCE versus FREQUENCY 
JO' 

FIGURE Of MERIT ursus FREQUENCY 
JOOO 

'7 V' 
t7 

J.O 
10 

7 

20 

Mv1877 

Mv1878 

~ 

G 

7 

r7 
:17 

v 

50 100 

t: sj= 

TA=25°C 
v,-0<1: 

y G+jB 
G-1/R, 
B=..C, 

103 

500 

i;;;;::: 
........ 700 

-..;;;;:: 
500 

~ 

'"-25"C 
I-- V.JVdc 

100 
JO 

"""' b... 
b-.,. 

rs:: 
!"::: 

30 50 

f, FREQUENCY lmd f, FREQUENCY lmd 

For Specifications, see MV1870 Data Sheet 

For Specifications, see MV1866 Data Sheet 
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Mv1892 
--Motorola RF Switching Diodes --

cathode connected to stud 

VR=700V 
IF=4Amps 
Cr=2.5 pf 
Psw=500W 

CASE 49 
(D0-4) 

Silicon diode for switching high-power, RF signals. 
Particularly well suited as a replacement for mechanical 
antenna and coaxial relays. 

MAXIMUM RATINGS (Tc= 25"C unless otherwise noted) 

Characteristic Symbol Rating Unit 

Reverse Voltage VR 700 Volts 

Forward Current IF 4 Amp 

RF Power Switching p 500 Watts 
Capability SW 

Total Device Dissipa- PD 20 Watts 
tion at or below 
75°C Case 
Temperature 

Above 75 °C De rate - 0.2 W/°C 
Linearly 

Junction Temperature TJ +175 oc 

storage Temperature Tstg -65 to +175 oc 

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

Characteristic Symbol 

Reverse Breakdown Volt. BVR 

Series Resistance Rf 
(See Note 1) 

Diode Capacitance CT 

6 :s: .:::s TYPICAL VALUES 

0 
@VR •300V 

~ 
' ~ 

Bj> ';>-

Test Conditions Minimum Maximum Unit 

1a = 10 µAde 700 - Vdc 

IF = 100 ma; f = 1 kc - o. 62 Ohms 

VR = 100 Vdc; f = 140 kc - 2. 5 pf 

f' 
""""' 

';>-

BIAS PORT 1 

RFC BIAS JSOLATION 
CAPACITOR 

INPUT ia..-.....i l----4li\ OUTPUT 
PORT .:i:: ,t-~l'---tlt--BIAS--tl, ::i:; PORT 1 

.,.. RFC MV1892 IBOLATlON .,.. 
CAPAClTORS OUTPUT 

.... 
BIAS 
GROUND 
RETURN 

...._, ___ -!~PORT 2 

... 
RFC 

50 75 100 125 150 
.-' BIAS PORT 2 

FREQUENCY - me 

OFF-PORT JSOLATION VB FREQUENCY FOR SPDT SWITCH TYPICAL RF SWITCIDNG CIRCUIT 

NOTE 1. l.a-ry measurements Bbow - R( at 1.kc Is within 15% of R1 at 50 me. 
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--Motorola 4-Layer Diodes --

M4L2052 
M4L2053 
M4L2054 

High.conductivity, 
Readily Solderable lead 

Stress Relief "Neck-Down" 

High-Temperature 
Solder Preform 

VRM= 10-12V 
IF=500 mA 
VF= 1.5 v 
Ton= 60 nsec 

CASE 59 

Epitaxial Silicon Die 

ThermG-Setting Silicone 
Polymer 

PNPN 4-layer diodes for 
low-voltage switching and 
triggering applications. 

MAXIMUM RATINGS (TA== 25°C unless otherwise noted) 

Characteristic Symbol Rating Unit 
Peak Reverse Blocking Voltage VRM(rep) Volts 

M4L2052 10 
M4L2053 11 
M4L2054 12 

Continuous Forward Current IF 500 mA 

Steady State Power Dissipation PD 750 mW 

Peak Pulse Current 1pulse Amps 
(10 µsec maximum pulse width) 100 

Operating Junction Temperature Range TJ -65 to +100 oc 

Storage Temperature Range Tstg -65 to +150 Oc 

ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 
Forward Breakover (Switching) Voltage V(BR)F Volts 

M4L2052 8 - 10 
M4L2053 9 - 11 
M4L2054 10 - 12 ---------

Forward Breakover (Switching) Current 1(BR)F - 15 50 µA 
----·-----

Forward Blocking Current 1FM µA 
(Measured at 75% of V(BR)F) - 1 5 

---------
Reverse Blocking Current IRM µA 

(at rated V RM rep) - - 10 
---------

Holding Current IH - 3 15 mA 
-- ------

Forward On Voltage VF Volts 
(IF = 500 mAdc) - 1.1 1.5 

1----. -----
Turn On Time ton nsec 

(at rated V(BR)F' IF = 1 A peak) - 60* -
·--- -----

Turn Off Time toff µsec 
(IF = 100 mA, VF applied = 5 V, Va applied= 5 V, - 2• -
dv/dt = 5 V/ µ.sec, typical IH of units tested = 5 mA) 

*Time depends on a wide variety of circuit conditions. 
Consult manufacturer for further information. 
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--Motorola 4-Layer Diodes --

M4L2052, M4L2053, M4L2054 (continued) 

I- TYPICAL FORWARD BREAKOVER (SWITCHING) t--c 
I- VOLTAGE versus TEMPERATURE +--I 

OL---'--L---'---L--'--"--'---'---+-----'---' 
-40 -25 25 50 75 100 

T", AMBIENT TEMPERATURE (°C) 

FORWARD CONDUCTION CHARACTERISTICS LOW LEVEL 
LO~---------------

0.4 
I 

I 

0.3 I l-i'---¥+----1----1----+----+rJ = 

I I ----lOO"C 
I I -- 25"C 

0.2 '------'----"----'-----'----' 
0.8 

100 

70 

50 

1 
0 

1.25 1.5 !.75 2.0 

VF. INSTANTANEOUS FORWARD VOLTAGE DROP (VOLTS) 

HIGH LEVEL 

? 7 

[ZJZ 
TYPICALL2 

Z..LMAXIMUM 

J7 _L 

r7 17 
~v 
V7 

rl TJ=25°C 

l 
/I 

10 

VF, INSTANTANEOUS FORWARD VOLTAGE DROP IVOLTSl 
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TYPICAL REVERSE BLOCKING VOLTAGE 
versus TEMPERATURE 

~ 

25 50 75 

TA, AMBIENT TEMPERATURE (°CJ , 

TYPICAL CAPACITANCE 
versus APPLIED FORWARD VOLTAGE 

AC VOLTAGE= lOmV 
f~ lOOKC 
TA= 2s0c 

APPLIED FORWARD VOLTAGE !VOLTSJ 

100 

R 

100 

1 
I 
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Now Off The Presses - the one indispensible text for 
anyone engaged in the design and applications of in
tegrated circuits ... the one book that covers the entire 
technology, both practically and theoretically. 

Prepared by the engineering staff of Motorola's 
Semiconductor Products Division, this book is based 
on the celebrated Integrated Circuits Design Course 
presented repeatedly by Motorola, at inClustry request, 
to the engineering personnel of leading electronic 
equipment manufacturers the world over. 

Nearly a quarter million dollars has been invested 
specifically for developing and up-dating the material 
for this book. It is not a miscellaneous collection of 
individual papers, but rather, a cohesive and well or
ganized treatment covering integrated circuit design 
principles from the standpoint of new circuit design 
philosophies and practical production yields. The ef
forts which have gone into the Motorola Integrated 
Circuits Design Course, plus the subsequent editing 
that has turned the initial material into a highly read
able engineering-level work, easily make Integrated 
Circuits - Design Principles and Fabrication one of 
the most authoritative and comprehensive texts ever 
published in the technical field. 
i:ic. Lester Hogan, Vice President, Motorola Inc. 

General Manager, Semiconductor Products Division 

For your postage paid copy, send check or pur
chase order in the amount of $12.50 per copy to: 
Motorola Semiconductor Products, Inc., Dept. TIC, 
Box 955, Phoenix, Arizona 85001. 
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MOTOROLA INTEGRATED CIRCUITS 

The extensive Motorola integrated circuit line includes a variety of 
digital and linear circuits. In addition to the standard integrated circuit product 
lines described on the following pages, Motorola offers a custom fabrication 
capability that is presently filling many specialized requirements. 

Motorola's integrated circuit fabrication capability includes monolithic 
construction, multi-chip techniques, and Compatible processing in which high
quality thin-film components are deposited on passivated silicon wafers. 
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o For devices meeting military specifications, see page 1-18. 

• For case outline dimensions, see page 1-26. 
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MOTOROLA DIGITAL INTEGRATED CIRCUITS 

Motorola Digital Integrated Circuits 

Type Logic 

MC300 Series MECL 

MC350 Series MECL 

MC200 Series DTL 

MC250 Series DTL 

USN ME 1 Series DTL 

MC 1111 Series DTL 

MC908 Series RTL 

MC400 Series 

Description 

High-speed current-mode logic series 
operating over a temperature range of 
-55 to +125°C. 

High-speed current-mode logic series 
with an operating temperature range of 
0 to +75°C for commercial applications. 

High-speed, low-power Diode-Transis
tor Logic circuits operating over a tem
perature range of -55 to +125°C. 

High-speed, low-power Diode-Transis
tor Logic circuits with an operating 
temperature range of 0 to +75°C for 
commercial applications. 

High-speed Diode-Transistor Logic cir
cuits designed to meet MIL-M-23700/1-8 
(NAVY). 

High-speed Diode-Transistor Logic cir
cuits operating over the temperature 
range of -55 to +125°C. 

Milliwatt Resistor-Transistor Logic cir
cuits operating over the temperature 
range of -55 to +125°C. 

High-speed Transistor-Transistor Logic 
circuits operating over the temperature 
range of -55 to +125°C. 
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-- Motorola Integrated Circuits --

MECL Mc300 series 
MONOLITHIC SILICON 

EPITAXIAL PASSIVATED 

The MECL• series of integrated logic circuits 
forms a versatile set of monolithic digital building 
blocks representing all the necessary circuitry 
for the arithmetic portion of a computer. MECL 
circuits combine extremely high speed with a 
systems-oriented design approach that permits 
implementation with the fewest possible number 
of individual devices. This represents both a cost 
saving and a potential increase in system reliabil
ity. The major features of the MEC•. series are: 

• 5 nsec propagation delay per logic decision 

• Virtually constant noise immunity with 
±10% power supply variation, and tem
perature changes from -55• to + 125"C 

• Simultaneous "OR"-"NOR" or "AND"· 
"NANO" outputs 

• High fan-in and fan-out capabilities 

The series is comprised of the following 
elements: 

MC301 - A high-speed five-input gate ele
ment that provides the positive logic 
"OR" function and its complement si
multaneously. 

MC302 - A DC Set-Reset flip-flop with an 
expandable input and the power dissipa
tion of only one gate. 

MC303 - A half-adder that provides the 
"SUM", "CARRY", and "NOR" func
tion simultaneously. 

MC304 - A bias driver that compensates 
for changes in circuit parameters with 
temperature. 

MC305 - A five-input expander for use with 
the MC302 and the MC306,7. 

MC306,7 -A high-speed expandable three
input gate element that provides the 
positive logic "OR" function and its com
plement simultaneously. 

MC308 - A clocked J-K flip-flop for counter 
and shift register applications with DC 
Set and Reset inputs. 

MC309,10,11 -A high-speed dual two
input gate element that provides the pos
itive logic "NOR" function. 

MC312 - A high-speed dual three-input gate 
element that provides the positive logic 
"NOR" function. 

•Trademark of Motorola Inc. 

LOOICAL 'T" ~ 
-0.75V 

LOGICAL '"O" ~ 
-l.55V 

BASIC MECL CIRCUIT 

Vee= GND. 

1-l INPUT "NOR" OUTPUT 

l+llNPUT o-"--+---' 
V88 = ~USVdc 

L---------
DIFFERENTIAL 
AMPUFfER 

EMITIER 
FOLLOWERS 

VEE= -5.2V 

FOR LOGICAL 'T' INPUT; '"NOR" OUTPUT ~ -1.55 V 
"OR"' OUTPUT ~ -0.75 V 

FOR LOGICAL"O" INPUT; '"NOR" OUTPUT~ -0.75 V 
"OR" OUTPUT ~ -1.55 V 

MECL - A CURRENT MODE SWITCH 

'"OR" OUTPUT 

The typical MECL circuit is designed with a differential 
amplifier input and emitter·follower output to restore de levels. 
The circuit has been designed to prevent saturation of the 
input transistors, thus eliminating storage time and allowing 
for high·speed operation with non-critical transistor param· 
eters. High fan-out operation is permitted due to the low im· 
pedance emitter-follower and the high-input impedance of the 
circuit. The basic gate has both the function and its comple
ment available simultaneously. Since the current in the differ
ential amplifier is switched from one side to the other, there is 
virtually no power supply noise generated. 

The circuit operation is straight-forward. A fixed bias of 
-1.15 volts is applied to the (+) input of the differential 
amplifier and the logic signals are applied to the (-) input. 
If a logical ''O'' is applied to the (-) input, the current through 
RE is supplied by the fixed biased transistor. A drop of SOOmV 
occurs across RCJ. The "OR" output then is -l.55V, or one 
Vn·drop below 800mV. Since no current flows in the(-) input 
transistor, the "NOR" output is a V1rdrop below ground, or 
-0.75 volts. When a logical "l" level is applied to the (-) 
input, the current through RCJ is switched to the (-) input 
transistor and a drop of 800 mV occurs across Rei. The "OR" 
output then goes to -0.75 volts and the "NOR" output goes 
to -1.55 volts. 

A bias driver is supplied to insure that the threshold point 
is always in the center of the transition region. The bias driver 
compensates for temperature changes and is designed to 
track with temperature. 
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--- Motorola Integrated Circuits ---

MC300 MECL series (continued) 

R & p I . . 
;; 

10 PIN T0·5 12 PIN T0-5 10 PIN FLAT PACKAGE 14 PIN FLAT PACKAGE 
(MC312G ONLY) (MC312F ONLY) 

CASE 71 CASE 98 CASE 83 CASE 72 

FAMILY CHARACTERISTICS 

The following information applies to. all devices 
of the MECL family. It is intended to provide the 
design engineer with meaningful information for 
worst-case analyses. Parameters of importance 
are guaranteed at three temperature levels: 
room, and the extremes for which the family is 

designed. All performance curves are based 
on distributional spreads and the minimum
maximum ranges can be interpreted for design 
purposes as 10%-90% spreads at all points on 
the curve except for guaranteed points on the 
electrical characteristics. 

ABSOLUTE MAXIMUM RATINGS ("""c> 

Characteris~cs 

Logic Input Voltage 

Power Supply Voltage 

Output Source Current 

Operating Temperature Range 

Storage Temperature Range 

Any one of the supply nodes, v ... Vee, 
or Vu may be used as ground; however, 
the manufacturer has found it most 
convenient to ground the Vee node. In 
such a case: 
Vee= 0 V11::::::: -1.15V VEE= -5.2V 

Symbol 

-

-

'o 

TJ 

Tstg 

SYSTEM LOGIC SPECIFICATIONS 

The output logic swing of 0.8 V then 
varies from a low state of VL::::::: -l.55V 
to a high state of VH ::::::: -0.75V with 
respect to ground. 
Positive logic is used when reference is 
made to logical "O's" or "l's". Then 

"O" - -1 55V l · "I";;; -0:1sv typical 

11-5 

Maximum Unit 

5 Vdc 

10 Vdc 

10 mAdc 

-55 to +125 oc 

-65 to +175 oc 

Dynamic logic refers to a change of 
logic states. Dynamic "O" is a negative 
going voltage excursion and a dynamic 
"l" is a positive going voltage excur· 
sion. 

I 
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--Motorola Integrated Circuits -

MC300 MECL series (continued) 

DC CHARACTERISTICS FOR IVIC300 SERIES 

WORST CASE TRAHSfEll CHARACTERISTICS omNITIDN OF TRANSFER CHARACT£RISIIC POINTS 

e;,,IVOLTSJ 
u u u u u u u u u 

!'i 
1.0 ~ 

j 

WORST CASE NOISE MARGIN 

f-t-+-tt!lJ] 

100Hf-+-+-+-l--l-+-f-+-+-+--+--l-+-f-+-+--I 

o~~_,_~_.__.__.._~_.__,__.__.__.._~_,__, 

-55 -35 -15 25 45 65 85 105 125 
O'-'-'--'--'--'-+-'--'-'--'--'---'--'-'--'C-J.--'-~ 
-55 -35 -15 25 45 65 85 105 125 

TEMPERATURE (0 CJ TEMPERATURE lbC) 
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-- Motorola Integrated Circuits --

MC300 MECL series (continued) 

MC304 
BIAS DRIVER 

A temperature compensating regulator intended 
for use in conjunction with the MOTOROLA MC300 
"MECL" series of INTEGRATED LOGIC 
CIRCUITS. Insures stable and reliable operation 
of "MECL" logic systems over a temperature 
range of -55°C to +125°C. 

ELECTRICAL CHARACTERISTICS 

Test Conditions 

Fan-Out 

Output Voltage Vee= o, VEE= -5.2 Vdc ti% 

(No Load to Full Load) lout = 0 to 2. 5 mAdc 

Power Dissipation Vee= 0, VEE = -5.2 Vdc '!: 1% 

CIRCUIT SCHEMATIC 

3 Vee 

11-7 

-ss·c 2s·c 125"( 
Symbol Unit 

min max min max min max 

25 " " 
VBB 1.19 1.32 1.09 1.22 0.95 1.08 Vdo 

•o 24 24 22 mW 

CIRCUIT DESCRIPTION 

Circuit Operation: 
The divider network R1, Rz. o,, Di compensates for tern· 

perature variations of the base-emitter voltages of Q., and of 
the driven gates, producing a bias voltage for the MECL logic 
circuits that maintains a constant set of de operating condi· 
lions over the temperature range of -55 • C to + 125 • C. In 
addition, compensation for power supply variations is 
achieved, since the bias output voltage is derived from the 
system supply. 

Either at the supply voltage nodes may be used as ground, 
however the ground potential of the bias driver must coincide 
with that of the logic system. Thus, if Vee is grounded in the 
logic system, then -

Yee = O; V11 = -5.2V; 
v .. = -1.15 nominal output voltage at 2s•c I 
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--- Motorola Integrated Circuits --

MC300 MECL series (continued) 

MC301. MC306. MC307. MC309 thru MC312 
LOGIC GATES 

CIRCUIT SCHEMATICS 

MC306/MC3o7•3-INPUT 

MC309 DUAL "NOR" 

•Resistors R0 are omitted in MC307 cir· 
cuits to permit reduction of Power Dissi· 
pation in systems where logic operations 
are performed at circuit outputs. 

EXAMPLE: where (n) gates are to perform 
an "OR" function, one MC306 gate and 
(n-1) MC307 gates can be used to provide 
savings of Power Dissipation in (n-1> gates . 

.. Pins 9 and 10 are for use in conjunction 
with the MC305 input expander to in· 
crease the fan-in capability in increments 
of five. 

•nro be supplied from bias-driver circuit 
MC304 for optimum temperature stability. 

NOTE: Any unused inputs can normally be 
left open-circuited. In cases where there 
may be external leakage to the unused in
puts they should be connected to Yu. 

3 Vee 

MC310 DUAL "NOR" 

MC312F DUAL "NOR" 
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LOGIC SPECIFICATIONS 

POSITIVE LOGIC 
When"VH is defined as a logical "l" and Vt as 
a logical "O" the "OR" /"NOR" function is 
performed: 

Si111le Gate 

a~f""NOR""A+B+C+D+E 
G= "OR"=A+ B+C +O+E 

E 
Dual Gate 
~----, 

~~G" "NOR" "A+ B+ C 

~=~=FL/T1 
E H""NOR""D+E+F 
F I i.; ____ J 

NEGATIVE LOGIC 
Inversely, when VH is defined as a logical "O" 
and v, as a logical"!" the "AND"/"NAND" 
function is performed: 

Si111le Gate 

~~f""NAND""A • B • C • 0 • E 

0 G" "ANO" "A • B • C • 0 • E 
E 

Dual Gate r----, 
a~G""NANO""~ c=R..___./i · 
o--tr~L ~=+l.__../'l H ="NANO"=~ 

L ____ J 

MC311 DUAL "NOR" 

MC312G DUAL "NOR" 



--- Motorola Integrated Circuits --

MC300 MECL series (continued) 

LOGIC GATES (CONTINUED) 

DC ELECTRICAL CHARACTERISTICS Vee •O, Vu•-5.2Volts, (•II "-1%), V11 • -1.25Vdc@-55•C 
V11 • -1.15 Vdc@ +25•C 
Vu. -1.00Vdc@+l2S•c 

Test Conditions Symbol -::,5;;"(_ _m: 125°( 

Total Unit Power Supply All inputs open 
Current Drain MC301, MC306 

MC307 
MC309, MC310, MC312 
MC311 

Input Current V1min@ zsoc 

Fan-In 

Fan-Out 

"NOR" OUTPUT - All Types 

"NOR" Logical "l 'Output 
E~~: ~~\s Vdc @ -55~C Voltage 

Ytn "' -1. 35 Vdc @ +25 C 
Vm ~ -1.30 Vdc@+12s0c 

"NOR" Logical "0" CMput. Each Input: 
Voltage ~~ : =~:;:: ~~~ ~ :~;~g 

Vin "' -0,655 Vdc@ +125°C 

·'NOR'' Saturation Breakpoint dv (NOR) 
•O Voltage ~ 

"NOR" Output Voltage Change All inputs open 
(No load to full load} No load = O current at pin 5 

Full load ~ 2.5 mAdc :5% at pin 5 

"OR" OUTPUT - Types MC301, MC306, MC307 only 

''OR'' Logical ''1'' Output 
Voltage 

"OR" Logical "0" Output 
Voltage 

Transition Region Slope 

"OR" Output Voltage Change 
(No load to full load) 

Each Input: 
Vm = -1.45 Vdc@ -55°c 
Vin = -1.35 Vdc@ +25°C 
Vm = -l.30 Vdc@ +125°c 

V (OR) Between: 
-1.450 Vdc and -1.050 Vdc@ -55°C 
-l.350 Vdc and -0,950 Vdc@ +25°C 
-1.220 Vdc and -0.820 Vdc@ +-125°c 

No load = O current @-pin l 
Full load = 2.5 mAdc ":!: 5% at pin 1 

~: : ~:~~~ ~~~: ~ ;;;aog 
Vin= 0.655Vdc,@·+12s0c 

TYPICAL INPUT CHARACTERISTICS 

0.2 

1.6 1.4 1.0 

e,,m.1 V/OIVJ 

0.8 0.6 
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min max min max min max 
IE 

8,85 8.85 8.15 
3.6 3.6 .., 

13.0 13.0 12.0 
10. l 10. l 9.25 

!IN 100 

23 

25 

vi 
0.825 0.925 

0,690 0.795 
0.545 0.655 

V4 
1.560 1.750 

1.465 1,650 
1.390 1.575 

V3 0.40 0.55 0.65 

OVl 0.055 0.055 0.060 

TYPICAL OUTPUT CHARACTERISTICS 

2.0 1.6 1.2 0.8 0.4 

e0 ..t(O.l V/DIVl 

Unit 

mAdo 

µAde 

Vdo 

Vdo 

Vdo 

Vdo 



--- Motorola Integrated Circuits ---

MC300 MECL series (continued) 

LOGIC GATES (CONTINUED) 

SWITCHING CHARACTERISTICS V~•O.V•=-•.2Vo••· (•U = 1%) Vu=-l.25Vdc,Vw•-0.870Vdc,V,=-l.650Vdc@-55•c 
v ... -l.15Vdc, VH =-0.750Vdc, VL=-1.550Vde@+25•C 

The stray eapacltance inh'odueed by the last Jia was V 11 "' -1.00Vdc, VH .. -0.600Vdc, VL 111 -1.450Vdc@+125°C 
~ • (n + 12} pf where n = number of fan-outs. 

Test Conditions I Symbol I -src I 
min : !!Ii!! ~ min : !!!I! ~ 2fC I ~2fC ml: =mila I Unit I 

MC301 
Propagation Delay 

6.5 11.5 "NOR" Output Fan-In = l, Fan-Out = t "11 4.5 9,0 5.0 9.5 
Fan-In = 1, Fan-Out = 10 5.0 10.0 5.5 10.5 7.0 t•.o 

"OR" Output Fan-In = 1, Fan-Out = 1 '•1 5.5 10.5 6.0 11.0 10.0 17.0 
Fan-In = l, Fan-Out = 10 9.0 17.0 10.0 18.0 17.0 32.0 

"NOR" Output Fan-Jn = 1, Fan-Out = 1 ... 6.0 11.0 6.5 14.5 8.0 16,0 
Fan-In = 1, Fan-Out = 10 10.0 18.0 11.0 20.5 20.0 31.0 

"OR" Output Fan-In = I, Fan-Out = 1 ... 4.0 8.0 s.o 9.0 6.0 10.0 
Fan-In = 1, Fan-Out = 10 ... 9.5 5.5 11.0 7.0 12.0 

Rise Time t,, 
''NOR'' Output Fan-In = 1, Fan-G.it = 1 4.0 8.5 4.5 12.0 5.0 14.5 

"OR" Output Fan-In = 1, Fan-Out = 1 3.5 8.0 4.0 9.0 5.0 10.0 

Fall Time " "NOR" Output Fan-In = 1, Fan-Out = I 5.5 10.0 6.0 12.0 8.5 16.5 

"OR" Output Fan-In = 1, Fan-Out = 1 5.0 10.0 6.0 12.0 9,0 15.0 

MC306, MC307 - "NOR" AND "OR" Output; MC312 - "NOR" Output only 

Propagation Delay 
"NOR" Output 

"OR" Output 

"NOR" Output 

"OR" Output 

Rise Tlme 
"NOR" Output 

"OR" Output 

Fall Time 
"NOR" Output 

"OR"Output 

Fan-In = 1, Fan-Out = 1 
Fan-In = 1, Fan-Out = 10 

Fan-In = l, Fan-Out = 1 
Fan-In= 1, Fan-Out = 10 

Fan-In = I, Fan-Out = 1 
Fan-In = 1, Fan-Out = 10 

Fan-In = l, Fan-Out = 1 
Fan-In = 1. Fan-Out = 10 

Fan-In = I, Fan-Out." 1 

Fan-In = 1, Fan-Out = 1 

Fan-In = 1, Fan-Out = 1 

Fan-In "' 1, Fan-Out = 1 

MC309, MC310, MC311 - "NOR" Output only 

Propagation Delay 
Either Output 

Either Output 

Rise Time 
Either Output 

Fall Time 
Either Output 

Fan-In = 1, Fan-Out = 1 
Fan-In= 1, Fan-Out= IO 

Fan-In = 1, Fan-Out = 1 
Fan-.In = 1, Fan-Out = 1 o 

Fan-In = 1, Fan-Out = I 

Fan-In = I, Fan-Out = 1 

SWITCHING TIME TEST CIRCUIT 

.. 
-~.;Lf" -5.2V MC306 

INPUT PULSE t, AND t, ~ 6 nsec 

I MC306 T L~ ... ~ 
I I ' 
!--t) ft 

y--t. ......... -01 
i_ _ _;-.. ,,.-0 

I ' -J I - ~-0 ..... 

11-10 

tdl-

'•1 
'02 

... 
t, 

~ 

"11 

'"' 

4.5 8.0 5.0 
4.5 9.5 5.0 

5.0 10.0 6.0 
9.0 16.0 10.0 

5.5 9.5 6.0 
9.0 16.0 10.5 

3.5 8.0 4.0 
4.0 9.5 4.5 

4.5 10.5 5.0 

3.0 7.0 3.5 

4.5 10.0 6.0 

4.0 9.5 5.0 

4.5 8.5 5.0 
5.0 10.0 5.5 

4.5 9.0 6.0 
8.5 16,0 11.0 

3.5 9.0 4.0 

5.5 12.0 6.0 

PROPAGATION DELAY lie, e, _ 

"OR 50% 

t td2 

"NOR*~0% td,JHt·tdl 

8.5 6.5 
10.5 6.5 

10.0 7.5 
18.0 15.5 

10.0 8.0 
20.0 15.0 

8.0 6.0 
9.5 6.0 

12.0 6.0 

7.5 5.0 

11.5 7.5 

11.0 7.5 

9.0 6.0 
11.0 7.0 

10.5 8.5 
19.0 17.0 

9.0 4.5 

14.0 9.0 

9.5 
14.0 

14.5 
32.0 

1-3.0 
29.0 

8.5 
12.0 

14.5 

8.0 

13.5 

14.5 

12.0 
13.0 

14.0 
30.0 

10.0 

17.0 

RISE AND FALL TIME 

.,H90% 
10% 

t, t, 

The fan-in is obtained with MC305 
input expanders. with all but the 
driven input connected to · · 1.550 V. 



--- Motorola Integrated Circuits --

MC300 MECL series (continued) 

LOGIC GATES (CONTINUED) 

SWITCHING CHARACTERISTICS 
(10% to 90% distribution) 

"OR" OUTPUT 
MC301 

10 15 
~FAN-OUT 

-55°C------

+250C-·-· - ·-·-·-

"NOR" OUTPUT 
MC301 

+1250C 

60 t.l1 

I so 
~ 40 l---+--!---+--l---+---11---+--l----+----4 

~ 30 1----+--l---+-->---+---<>---+--l---<---; 

~ 
~ 201----+--l---+-->---+---<>---+--l---<---; 

~ ~~~~~~~~~~~~~;;;,~~ ;; 10 -E-· -· 
....,,..~ . p:;:ii ...... - -- --· 

OLO~.__-'-~'---l~O~L--1~5--JL--20.1---1..--'25 

n,FAN-OUT 

I I I I i I I I I ~ SOl---+--l---+---1--+---1---1--1--,...."°---1 
.s 

~ 40l---+-l---+--ll---+---1'7"'~-l---+--::;:oo! 

~ 30l---+-l---+-:::>i~::+---l--:::;l.-~F---+--:::;:;J 
~ 
~ 20 l---b...C.F---1-c-=" ..... "'1"'=!-.,.,:J.-.-i--""-1==-:J 

j 101---o~"""t-=o"""......i~"l""=-=l::_:__--l--l---+----l 

oL--L~L---L..--''----L..__JL---L..~L--L__J O'---'-~'---'----J'---'---J~-'-~'---'----' 
0 10 15 20 25 0 10 15 20 25 

n, FAN-OUT n,FAN-OUT 

t,. 
601--4-~+---+-~!----+-~!----+--+--+---I 

60 
t, 

50 

~ @,L--1-----1~-l--l-----1~-l--l-~~-l---J 

j ~''--'--.l----L.-.I----+--.__--+--"--'-~ 
1 ,. 
<= 

40 

30 

lii20,Q;~~ .. 
10 ·-· -iw: ..... --~:.='f"'~ 

O,L_--_,_~..__-L~L-...J...~L-...J...~J.._-L~ 

rJ .. 
0 10 15 20 25 

n,FAN-OUT 

120'~------------~~ 

1 
~ 
::l .:: 

20 

·-· ·-· ;;.-..-. . ·~·-·'!'-.....,......... 
10 -~·-· 

0 
0 10 15 20 25 

n,FAN-OUT 

120 
t, 

100 

80 

60 

. 40 ., 

10 15 20 25 00 10 15 20 25 
n, FAN-OUT n,FAN-OUT 
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--- Motorola Integrated Circuits --

MC300 MECL series (continued) 

LOGIC GATES (CONTINUED) 

SWITCHING CHARACTERISTICS 
(10% to 90% distribution) 

"OR" OUTPUT 
MC306, MC307, MC303 "SUM" -55°C----

+250C-·-·-·---·
+125°c----

"NOR" OUTPUT 
MC306, MC307, MC312 

50f--+--f---+--+--+--+--f---+--+---I I 40f--+--f---+--+--+--+--f---+--+---I 

~ 30 

ff 20htJ~~~~~~ lE 
.j IO ·-,:_;:; . ~F~ --- --·- ---· 

-·-=a,: . I 

0 ~0-~~-~--,10-~~15:--~-2~0-~~25· 0 ~0-~-7-~--,Io-~--:15=--~-~w--+---:'~-

n, FAN-OUT n, FAN-OUT 

<:> 50 t----+---+---+--+---+--+--+---+---+----< 
g 
; 40 f---+--+--+--+--+--+--f---+--+----1 
:!: 

o~~-~~-~~--+--+-~--+----< 
0 IO 15 20 25 

n, FAN-OUT 

60 
t, 

50 

j 40 

"' 30 " 61 20 .; 

IO 

._,-'""· . ~-1 1--
0 

0 IO I5 20 25 

n. FAN-OUT 

120 

100 

1 80 

"' 60 " ::l 
::: 

40 
"' 

20 

n. FAN-OUT 

n. FAN-OUT 

t, 
50 t---+--+----+--+---+--+--t----+---+----< 

¥ Wt---+--+----+--+---+--+--t----+---+----< 
.5 

~ 30f--+--+----+--+--+--+--f---+--+---I 

"' .; 20 - •-: 

10 -- -- - ----~:..: -~~--·-f"'.":"-~-~~ .::.; 
..,.-

0 
0 10 15 20 25 

n, FAN-OUT 

120 

IOO 

j 80 

"' " 60 

~ 
.; 40 

n, FAN-OUT 
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-- Motorola Integrated Circuits --

MC300 MECL series (continued) 

LOGIC GATES (CONTINUED) 

SWITCHING CHARACTERISTICS 
(10% to 90% distribution) 

"NOR" 
MC309, MC310, MC311 

and MC303 "HOR" and "CARRY" -55°C----
+25°C-·-·- ·- ·
+1250C----

60,---,--,...----,-.--,--r--r----r--r-~ 

t.!1 I 50 

~ ~---+--+--+--+---t--+--1---+--+---I 

~ ~t---r--r----t--r---1--+--t----t--+---I 

i 20t----r--r----t--t---l--+--t----t--+---I 

1 
"' ;= 

~ 
.; 

1 
~ 
~ 
-"' 

0 0'-c-+--+-~~10-~~1~5-l---+20-~--125 

n.FAN-OUT 

60,---,--,...----,-.--,--r--r----r--r-~ 

l.12 

0 
0 10 15 20 25 

n,FAN-OUT 

60 
t, 

50 

40 

30 

20 

10 -0 
0 10 15 20 25 

n, FAN-OUT 

120 
t, 

100 

80 

60 

40 

20 

10 15 20 25 
n, FAN-OUT 
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TYPICAL SWITCHING TIME VARIATIONS 
MC306 

SUPPLY VOLTAGE VARIATION 
l0.--1-~-.---~--~-!.---~ 

f-- lb..--+---t--11--l--+--+--ld-

FAN-OUT~ 1 
T, ~ 25°C +--+--+---lf---+-+--+--+----1 
NOR OUTPUT 

4u ..,_4~.8-"4_9-"'5_0 _ _,,5_~1 _5.,__1_5,.,_3-"5.4,--_,.5.~5 __,.5.""6 __,5.7 

-v ... POWER SUPPLY VARIATION IVOLIS) 

FAN-IN VARIATION 

10 12 14 16 18 10 
m,FAN-IN 

LINE DRIVER APPLICATION 

IO 15 20 25 
n, FAN-OUT 

OUTPUT WIRED "OR" FUNCTION 
16 ,---.----r------r--~----, 

T,. = 2s0 c 
181----1----+---+--........-i-+-P-~---1 

14f----+---+---+'=-"'-""""-t------l - .....-..+-• 121---+----::;;i;.--"-::::_-+---::::±_,.-t.,---1 
" ..-- -t---1 ~ 1of------,,.....+""'--==--ol--"""=-+---+--,---, - :::::-+-- t, 

t..o---1 

41----~--~---+--~--~ 

0 2 4 6 IO 
COMMON OUTPUTEMITTERS IMC307 "I 

I 
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--Motorola Integrated Circuits -

MC300 MECl series (continued) 

MC303 
HALF-ADDER 

10 

0 
IO 

• Provides the "SUM," "CARRY," and "NOR" Outputs 
for Use in Digital Computer Circuits over a Temperature 
Range of -55°C to +125°C. 

o Average Propagation Delay -6 nsec 

CIRCUIT SCHElllATIC LOGIC SPECIFICATIONS 

A~"SUM"~Aii+AB ! MC303 "CARRY" ~AB 
B "NOR" ~AB 

The "NOR" and "CARRY" outputs can be 
tied together to provide the "SUM" function. 

If complement inputs are not used an un· 
defined state can occur. When all inputs are 
at a logical "O" Rei has two RE currents which 
saturates the VH transistor. The "SUM" out· 
put goes to -2.3 Volts. The recovery time 
characteristics are shown in the curve below. 

RECOVERY CHARACTERISTICS WITH SIMULTANEOUS "O" 
ON ALL INPUTS 

SWITCHING TIMES TEST CIRCUIT 

T~2J,C 
+-1 

V' 

p~8&10 

~ \ "SUM" 

PINS 7 & 9 ARE LOGICAL "O" 
PINS 8 & 10 ARE TIEO TOGETHER TO 
PULSE GENERAIOR OUTPUT 

IJI 
20 30 50 70 100 200 300 

PW, PULSE WIDTH (nsec) 

500 700 1000 

... 

ON A V,. = -0.750 Vdc 

PROPAGATION 
DELAY TIME 

$o"Su~·· eol"NOR"'&"'CARRY""I 

50% 

-
tdl ld2 

WAVEFORM AT INPUT Of 
GATE UNOER TEST 

F TEK~~ONIX 
567 OR 

EQUIVALENT 
G 

! MC306 T 
r--f'\'° 
! --1 ) n :--L,.--01 
L--f',ro 

"1 I 
-i_,.....L-o 

RISE AND 
FALL TIMES 

"CARRY'" OUTPUT & 
"'NOR"' OUTPUT 

90% 

10% 

t1 "SUM , "SUM" 
t, "NOR ~"NOR" 

"'SUM"" OUTPUT 

(R!SE TIME = 10% to 90% POINT OF POSITIVE GOING WAVEFORMS 
FALL TIME "' 90% to 10% POINT OF NEGATIVE GOING WAVEFORMS.) 

1 1-14 



-- Motorola Integrated Circuits --

MC300 MECL series (continued) 

HALF-ADDER (CONTINUED) 

ELECTRICAL CHARACTERISTICS Vu• -5.2Vdc ±1%. Vcc'"O v .... -1.25Vdc@-55°C 
V11 =-1.lSVdc@ +25°C 
V11 = -1.00Vdc@ +l25°C 

Test Conditions 

DC CHARACTERISTICS 

"NOR" Logical "1" Each Input: v, 
Output Voltage Vm = -1.4150 Vdc@ -55°c 0.825 0.925 

Vin"' -1,350 Vdc@ +25oC 0,690 
Vtn .. -1.300 Vdc@ +tzs0c 

''NOR" Saturation dV "NOR"/dv1n = 0 for all test temperatures 
Breakpoint Voltage 

V3 Q.400 

"NOR" Logical "0" Each Input: .. OUtput Voltage Vin .. -0.925 Vdc@-115°c 1.560 1.750 
Vin= -0.795 Vdc@ +25°c 1.465 
Vin• -0.655 Vdc@+l25°<: 

"SUM" Logical "l" Each Input: v, 
OUtput Voltage Vin= -0.925 Vdc@ -55°<: 0.825 0.925 

Vin= -0,795 Vdc@ +2s0 c 0.690 
Vin= -0.655 Vdc@ +1211°c 

"SUM" Logical "0" Each Input: v, 
OUtput Voltage V1n = -1.4150 Vdc@ .55°c 1.560 1.750 

~ ~ :~::~~ ~:~ g :~i:~c 1.465 

Transition Region Slope Between: 
V"sUM" = -1.050 and -1.450 Vdc@ -55°c 
V"SUM" = -0.950 and -1,350 Vdc@ +25°c 

0.095 

v"SUM" = -0.620 and -1.220 Vdc@ +125°c 
"CARRY" Logical "1" Each Input: v, 

Output Voltage Vin .. -1.450 Vdc@ -55°c 0.825 0.925 
Vin = -1.350 Vdc@ +25°c 0.690 
Vin= -1.300Vdc@+125oC 

"CARRY" Logical "0" Each Input: .. Vin., -0.925 Vdc@-55oC 1.560 1.750 
Vin"' -0.795 Vdc@ +zs0c 1.465 
vm = -0.855 Vdc@ +12s0c 

''CARRY'' Saturation dv "CARRY"/dvin = 0 for all test temperatures v, 0.400 Breakdown Voltage 

Total Unit Power Supply 
Current 

All Inputs Open '• 15.30 

LOADING CHARACTERISTICS 

"NOR" Output Voltage Change All Inputs open •V1 0.055 
Between No Load and Full No load = 0 current (pin 5) 
Loau Conditions F\all load = 2.5 mAdc (pin 5) 

"CARRY" Output Voltage All inputs open .. , 0.055 
Change Between No Load No load = 0 current (pin 6) 
and Full Load Conditions Full load = 2.5 mAdc (pin 6) 

"SUM" Output Voltage Change No load = 0 current (pin 4) •V5 
Between No Load and Full Full load = 2.5 mAdc (pin 4) 
Load Conditions Input (pin 9): 

~~ : =~:~:: ~:~ ~ :;;~g 0.055 

V1n = -0.655 Vdc @+ 125°C 

0.795 
0.545 

0.550 

1.650 
1.390 

0.795 
0.545 

1.650 
1.390 

0.095 

0.795 
0.545 

1.650 
1.3&0 

0.550 

15. 30 

0.055 

0.055 

0.055 

SWITCHING CHARACTERISTICS VH = -0.870Vdc, VL = -l.650Vdc@ -55"C 
The stray capacitance introduced by the test jig was VH: -0.750Vdc, V( = -1.550Vdc@ +25"C 
Cs = (ti + 12) pf where n = t1umber of fat1·outs. VH = -0.600Vdc, VL= -1.450Vdc@ +125°C 

Propagation Delay Time 
12.0 11.0 "SUM" Output Fan-In = 1, Fan-Out = 1 "" 6.0 12,0 7.0 

"NOR" Output Fan-In = t, Fan-Out = 1 .. , 4.5 8.5 5.0 9.0 6.0 
"CARRY" Output Fan-In " 1, Fan-Out " 1 .. , 4.5 8.5 5.0 9.0 6.0 

'"'SUM" Output Fan-In = 1, Fan-Out " I '" 4.0 8.0 4.5 6.5 6.0 
"NOR" Output Fan-In " I, Fan-Out "' 1 '" 4.5 9.0 6.5 10.5 6.5 
"CARRY" Output Fan-In " 1, Fan-Out = 1 '"' 4.5 9.0 6.5 10.5 8.5 

Rlse Time 
"SUM" Output Fan-In = 1,. Fan-Out= 1 t, 4.0 10.0 4.5 10.5 6.0 
"NOR" Output Fan-In = 1, Fan-Out• 1 t, 3.5 9.0 4.0 9.0 4.5 
"CARRY" output Fan-In = 1, Fan-Out = 1 t, 3.5 9.0 4.0 9.0 4.5 

Fall Time 
"SUM" Output Fan-In " I, Fan-Out = 1 " 5.5 12.0 6.5 13.0 9.0 

"NOR" Output Fan-In "' I, Fan-Out = 1 " 5.5 12.0 6.0 14.0 9.0 

"CARRY" Output Fan-In = I, Fan-Out = I " 5.5 12.0 6.0 14.0 9.0 
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Unit 

Vdo 

0.6515 

0.650 Vdo 

Vdo 

1.575 

Vdo 

0.61515 

Vdo 

1.575 

Vdo 

0.110 

Vdo 

0.655 

Vdc 

1.575 

0.650 Vdo 

14.10 mAdc 

0.060 

0.060 Vdo 

Vdo 

0.060 

l?.O 
12.0 
12.0 

11.0 
14.0 
14.0 

15.0 
10.0 
10.0 

16.0 
17.0 
17.0 I 
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- Motorola Integrated Circuits --

MC300 MECL series (continued) 

FLIP-FLOPS 

MC302 
DC R-S FLIP-FLOP 

• Performs the Binary Function of "Q" and "Q" 
Outputs at High Speeds over a Temperature 
Range of -ss•c to +12s·c 

CIRCUIT SCHEMATIC 

NOTE: Any unused Inputs can normally be left open-circuited. In cases where there 
may be external teakage to the unused inputs they should be connected to Yu. 

LOGIC SPECIFICATIONS 

When V" is defined as a logical ''l'' and VL 
as a logical "0". the function is as follows: 

s a-·· S:G:Q 
MC302 -

R Q 

0 I I 

I 0 0 

0 0 Q• 

I I N.D. 

MC308 
J·K FLIP-FLOP 

• Performs the Single Phase Binary Function of "Q" 
and "Q" Outputs at High Speeds over a Temperature 
Range of -ss•c to +12s·c 

CIRCUIT SCHEMATIC 

v .. 
NOTE: Any unused inputs can normally be left open-circuited. In cases where there 
may be external leakage to the unuse~ inputs they should be connected to Ye. 
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LOGIC SPECIFICATIONS 

When V" is defined as a logical "l" and VL 
as a logical "O'', the function is as follows: 

Ts i(, c;, Q"•' 

d> ~ O" 
Q 

0 0 Q• 

MC308 

c, D 
'j' ii O" 

Claclled JK Operation 

The J's and Ks inputs refer to logic levels 
while the Co input refers to dynamic logic 
swings. The l"s and Ks inputs would be 
changed to a logical "1" only while the e-o 
input is in a logic "l" state. 

Set-Reset operation is the same as the 
MC302. 



--Motorola Integrated Circuits --

MC300 MECL series (continued) 

FLIP-FLOPS (CONTINUED) 

ELECTRICAL CHARACTERISTICS v,.:-s.2vdc ±1%. Vcc=D 

(These characteristics apply to both the MC302 R-S Flip-Flop 
and the MC308 J-K Flip-Flop) 

Test Conditions 

DC CHARACTERISTICS 

"Q" or "Q" Logical "l" Output Each Input: (Set Input for ~ Reset lnput for Qj 
Voltage Vin =-l.45Vdc@-55°C 

V1n = -1.350 Vdc rg 2s0c 
V1n =-1.30 Vdc@+12s0 c 

"Q'' or "Q" Logical "0" Output Each Input: (.Set Input for Q, Reset Input for Q) 
Voltage Vin = -1.45 Vdc@ -ss0c 

v 1n = -1.350 Vdc@ 25oc 
Yin = -1.30 Vdc@ +125°C 

"Q" or "Q" Saturation dV "Q"/dVln = O; dV "Q"/dVin = 0 
Breakpoint Voltage 

"Q" or "Q" Latch Voltage dV1/dVin "'"' 

Total Power Supply Current All Inputs Open 
Drain (MC302) 

Total Power Supply Current All Inputs Open 
Drain (MC308) 

LOADING CHARACTERISTICS 

"Q" Output Voltage Change All Inputs Open, measured between no load 
and full load 

No load - 0 current (pin 5) 
Full load = 2.5 mAdc : 5% (pin 5) 

Vin (pin 6) = -0.925 Vdc@ -ss0 c 
Vm (pin 6) = -0. '195 Vdc@ 25°c 
Vin (pin 6) = -0.655 Vdc@ +125°c 

Symbol 

V1 

v, 

v, 

VL 

lE 

lE 

"Q" Output Voltage Change All Inputs Open, measured between no load and full .1V1 
N~o~~v ~no a~i:;;e~~ ~;;fl+ ~~302, pin 1 for MC308 

Output Voltage at Max 1m 

Full load = 2.5 mAdc - 5% (pin 4) 
Vin = -0.925 Vdc@ -55°c 
V1.n = -0.795 Vdc@25°c 
Vm = -0.655 Vdc@+125°c 

s~i:'i:~nt~)~P:~ =~t~dc @ -55°C 
Vin (pin 6) = -0. 795 Vdc @2s0c 
Vin (pin 6) = -0. 655 Vdc @ +125°C 

Remove Vin· Then Input = 
160 µAde ~1%@ -55°c 
10.0 µAde !!%@ 2s0c 
90 µAde :1%@ +125°c 

MC302: MC308 

I L lnpot .1 °""'"' J L lnpot l °""'"' J 
I 
~l. Pin 'i Pin 4 (""Q""~ [l. Pin lIPln 4 (""Q"]) 2. Pin 7 Pin 5 ("~") 2. Pin 6 Pin 5 {"Q") 
3. Pin 10 Pin 4 ("Q") 
4, Pin 6 Pin 5 ("Q") 

TRANSFER CHARACTERISTICS 

-I.350V ''" O 

' 

' 

eo"' 

' 
_,:\IV\ 

= 25 CPS 

min 

0,825 

1.560 

1.17 

0,825 

0.925 
0.690 

1.750 
1.485 

0,50 

1.33 l.09 

10.35 

16.0 

0.055 

0.055 

0,925 
0.690 

0.795 
0.545 

1.650 
1.390 

0,65 

1.21 0.94 

10.35 

16.0 

0.055 

0.055 

0.'195 
0.545 

*FOR "Q" TESTS REVERSE "S" & "R" CONNECTIONS 
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Unit 

Vdo 

0.655 

Vdo 

1.575 

0.75 Vdo 

1.06 Vdo 

9.52 mAdo 

14.'1 mAdo 

Vdo 

0.060 

Vdo 

0.060 

Vdo 

0.655 

I 
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--- Motorola Integrated Circuits ---

MC300 MECL series (continued) 

FLIP-FLOPS (CONTINUED) 

MC302 

SWITCHING CHARACTERISTICS V~ • O. v., = -5.2Volts, (all±l%). V"=-0.870Vde.V,:-l.650Vdo@-55'C 

The •tray capacitance introduced by the test iia: wa• 
c~ = {n + 12) pf where n = number of fan-Quts. 

Test Conditions 

Propagation Delay Time Either Output (Fan-In " 1, Fan-Out = I) 
Either output (Fan-In= 1, Fan-Out= I) 

Rise Time 

Fall Time 

e,.s 

e .• : 

Either Output (Fan-In" 1, Fan-Out " 1) 

Either Output (Fan-In= I, Fan-Out " 1) 

SWITCHING TIME TEST CIRCUIT 

TO TEKTRONIX 567 
OR EQUIVALENT 

MC306 

Symbol 

'•· "" '• 
'r 

min 

7.5 
7.0 

8.0 

6.0 

VH = -0.750Vdc, VL = -l.550Vdc@ +2s•c 
Vtt = -0.600Vdc, VL = -l.450Vdc@+125•C 

55'( 25'( 125'( 
max min max min max 

13.0 8.0 14.0 10.5 24.0 
14.0 7.5 19.5 13.0 21.0 

14.0 8.0 18.0 13.0 29.0 

13.0 6.5 17.0 12.0 24.0 

SWITCHING TIME TEST PROCEDURE 

PW 
100 nsec 

ma< 

INPUT TO RESET-+.---J 

ij OUT 

SWITCHING CHARACTERISTICS 

1 
!ii! 
" 
~ 
z 
2 

i 
.:> 

60 

t.i. 
50 

40 

30 

20 

-· .1-_,-
10 

0 
0 10 

n, FAN-OUT 

t, 

15 

(10% to 90% distribution) 

20 

-55°c- - --
+25'C-·-·-·-·-
+125·c-----

1 so 

I!! 40 

~ 30 

~ 20 

i 
j 

25 
0 

0 

501---f--+--+--+--!------l--+--+-+--4 

n, FAN-OUT 
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10 15 20 

n. FAN-OUT 

n, FAN-OUT 

Unit 

25 



--.-Motorola Integrated Circuits --

MC300 MECL series (continued) 

FLIP-FLOPS (CONTINUED) 

MC308 

SWITCHING CHARACTERISTICS 
The stray capacitance introduced by the test JI& was 
C5 = (n + 12) pf where n = number of fan-outs. 

Vee ::z: 0, VEE• -5.2 Volts, (all "'1%). v,. = -0.870Vdc, Vl = -l.650Vdc@-!55•c 
V,. = -0.750Vdc, V, ::z: -l.550Vdc@ +25"C 
v .. = -0.600Vdc, vl = -l.450Vdc@ +12s•c 

Test Conditions Symbol -55'( 25'( 
min max 

Propagation Delay Time Elther Output (Fan-In= I, Fan-Out= I) . ., 3.5 9.5 4.0 11.0 
Eltber Output (Fan-In = I, Fan-Out = 1) tdf 5.0 13.0 7.0 14.0 

Rise Time Elther Output (Fan-In = 1, Fan-Out = 1) '• 6.5 15.0 7.0 16.0 

Fall Time Either Output (Fan-In= I, Fan-Out= 1) 'r 6.0 16.0 7.0 18.0 

SWITCHING WAVEFORMS SWITCHING TIME TEST CIRCUIT 

-5.2 

SWITCHING CHARACTERISTICS 

(10% to 90% distribution) 

-55°C- ---
+25'C-·-·-·-·-

+125°C 
60--------------~----

1 50 ~td:.:'-l--+-----+--l--.J...--1---+--l--+----

0 :i;--T"' 

n, FAN-OUT 

60--------------~--~ 

t, 
50'-~1---l.-_J..--l---'--'---1--+--l----< 

1 40 

,. 
30 " i(l 

.; 20 

10 

10 15 

n, FAN-OUT 

125'( 
min max 
9.0 18.5 
8.5 17.0 

11.5 24.0 

10.0 32,0 

20 

Unit 

25 

0 
0 10 15 20 25 

0'---'--'---'--~10-_,_ __ 1~5--'--2~0--'---'25 

n, FAN-OUT n, FAN-OUT 
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--- Motorola Integrated Circuits ---

MC300 MECL series (continued) 

MC305 
GATE EXPANDER 

ELECTRICAL 

Test 

Base Leakage Current 

Input Volt.age 

Collector Leakage Current 

Designed primarily for use in conjunction 
with the MOTOROLA MC306 and 
MC 307 "MECL" 3-INPUT LOGIC 
GATES. Each expander unit increases 
the fan-in of the basic gate by five. 

CHARACTERISTICS 

Conditions Symbol 
-55°( 

min max 
VEE= 2.0 Vdc, V CC = 0, leL 0.5 

v88 = -5.2 Vdc 

Vea= 0.7 Vdc, VB= 0, VeE 0.810 0.870 

IE = -1.33 mAdc 

V CC = -2 Vdc, VBE = 0. 3 Vdc (all inputs), 1CEX 1.0 

VEE= 0 

SWITCHING CHARACTERISTICS (See page 
Propagation Delay 

'01 3.5 8.0 

'" 4,5 9,5 

Rise Time t, 4.5 10.5 

Fall Time 

" 3.5 10.0 

SWITCHING TIME TEST CIRCUIT 

270 

MC305 

50 2K 

_j~ 
min max 

0.5 

0.680 0.720 

1.0 

4.0 8.5 
5.0 10,0 

5.0 11.5 

4.0 11.5 

-L15V 

I.24K 

125°( 
min max 

5.0 

0.490 0.530 

100.0 

5.5 9.5 
7.0 13.0 

5.5 14.5 

5.5 13.5 

-5.2V -5.2V 

MC305 

CIRCUIT SCHEMATIC AND INTERCONNECTION TO MC306 3·1NPUT GATE 

MC305 
GATE EXPANDER 

r---------- - - - -- - -- , 
------ -----0~----..;'-------il>-------+a' 

NOTE: Any unused inputs can normally be left open-circuited. In cases where 
there may be eKternal leakage to the unused inputs they should be con
nected to VH. 
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v .. 

MC306 
3·1NPUT GATE 

Unit 

µAdo 

Vdo 

µAdo 



--- Motorola Integrated Circuits-· --

MECL Mc350series 

The MECL• series of integrated logic circuits 
forms a versatile set of monolithic digital building 
blocks representing all the necessary circuitry 
for the arithmetic portion of a computer. MECL 
circuits combine extremely high speed with a 
systems-oriented design approach that permits 
implementation with the fewest possible number 
of individual devices. This represents both a cost 
saving and a potential increase in system reliabil
ity. The major features of the MECL series are: 

• 5 nsec propagation delay per logic decision 

• Virtually constant noise immunity with 
±10% power supply variation, and tem
perature changes from 0 to +75°C 

• Simultaneous "OR"-"NOR" or "AND"
"NAND" outputs 

• High fan-in and fan-out capabilities 

MECL* integrated circuits are used in various 
combinations to provide such intermediate sys· 
tern blocks as adders, counters, shift registers, 
decoders, multivibrators, etc. They provide a 
line of monolithic computer circuits designed 
analytically and practically to meet the stringent 
demands of the most advanced computer sys
tems. The series is comprised of the following 
elements: 

MC351 - A high-speed five-input gate ele
ment that provides the positive logic 
"OR" function and its complement si· 
multaneously. 

MC352 - A DC Set-Reset flip-flop with an 
expandable input and the power dissipa· 
tion of only one gate. 

MC353 - A half-adder that provides the 
"SUM", "CARRY", and "NOR" func
tion simultaneously. 

MC354 - A bias driver that compensates 
for changes in circuit parameters with 
temperature. 

MC355 - A five-input expander for use with 
the MC352 and the MC356,7. 

MC356,7 - A high-speed expandable three
input gate element that provides the 
positive logic ''OR'' function and its com· 
plement simultaneously. 

MC358 - A clocked J-K flip-flop for counter 
and shift register applications with DC 
Set and Reset inputs. 

MC359,60,61 - A high-speed dual two
input gate element that provides the pas· 
itive logic "NOR" function. 

MC362 -A high-speed dual three-input gate 
element that provides the positive logic 
"NOR" function. 
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LOGICAL"!"= 
--0.75V 

LOGICAL "O" '°" 
-I.55V 

HINPUT 

BASIC MECL CIRCUIT 

Vee= GND. 

!+)INPUT o---f----' 
V88 = -l.15Vdc 

DIFFERENTIAL 
AMPLIFIER 

EMITTER 
FOLLOWERS 

VEE=-5.2V 

FOR LOGICAL"!" INPUT: "NOR" OUTPUT~ -1.55V 
"OR" OUTPUT -- -0. 75 V 

FOR LOGICAL"O'' INPUT: 'NOR" OUTPUT -0.75V 
"OR" OUTPUT -1.55V 

MECL - A CURRENT MODE SWITCH 

The typical MECL • circuit is designed with a differential 
amplifier input and emitter-follower output to restore de levels. 
The circuit has been designed to prevent saturation of the 
input transistors, thus eliminating storage time and allowing 
for high-speed operation with non-critical transistor param
eters. High fan-out operation is permitted due to the low im· 
.pedance emitter-follower and the high-input impedance of the 
circuit. The basic gate has both the function and its comple· 
ment available simultaneously. Since the current in the differ
ential amplifier is switched from one side to the other, there is 
virtually no power supply noise generated. 

The circuit operation is straight-forward. A fixed bias of 
-1.15 volts is applied to the (+) input of the differential 
amplifier and the logic signals are applied to the(-) input. 
If a logical ''0'' is applied to the(-) input, the current through 
RE is supplied by the fixed biased transistor. A drop of 800 mV 
occurs across Rea. The "OR" output then is -l.55V, or one 
V1rdrop below SOOmV. Since no current flows in ttie (-)input 
transistor, the "NOR" output is a Vn·drop below ground, or 
-0.75 volts. When a logical "l" level is applied to the(-) 
input, the current through Rei is switched to the (-) input 
transistor and a drop of SOOmV occurs across Rei· The "OR" 
output then goes to -0.75 volts and the "NOR" output goes 
to -1.55 volts. 

A bias driver is supplied to insure that the threshold point 
is always in the center of the transition region. The bias driver 
compensates for temperature changes and is designed to 
track with temperature. 

•Trademark of Motorola Inc. 
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MC350 MECL series (continued) 

R R p I . 

I 
. 

10 PIN T0-5 12 PIN T0-5 10 PIN FLAT PACKAGE 14 PIN FLAT PACKAGE 
(MC362G ONLY) (MC362F ONLY) 

CASE 71 CASE 98 CASE 83 CASE 72 

FAMILY CHARACTERISTICS 

The following information applies to all devices 
of the MECL family. It is intended to provide the 
design engineer with meaningful information for 
worst-case analyses. Parameters of importance 
are guaranteed at three temperature levels: 
room, and the extremes for which the family is 

designed. All performance curves are based 
on distributional spreads and the minimum
maximum ranges can be interpreted for design 
purposes as 10%-90% spreads at all points on 
the curve except for guaranteed points on the 
electrical characteristics. 

ABSOLUTE MAXIMUM RATINGS '"""c> 

Characteristics 

Logic Input Voltage 

Power Supply Voltage 

Output Source Current 

Operating Temperature Range 

storage Temperature Range 

Any one of the supply nodes, V11, Vee, 
or Vu may be used as ground; however, 
the manufacturer has found it most 
convenient to ground the Vee node. In 
such a case; 
Vee= 0 V,. = -1.15V V,. = -5.2V 

Symbol 

-

-

lo 

TJ 

Tstg 

SYSTEM LOGIC SPECIFICATIONS 

The output logic swing of O.SV then 
varies from a low state of VL = -l.55V 
to a high state of v. = -0.75V with 
respect to ground. 
Positive logic is used when reference is 
made to logical "O's" or "l's". Then 

""0" - l 55V} 
'"!'';:::: :0:1sv typical 

11-22 

Maximum Unit 

5 Vdc 

10 Vdc 

10 mAdc 

0 to +75 oc 

-40 to +150 oc 

Dynamic logic refers to a change of 
logic states. Dynamic "O" is a negative 
going voltage excursion and a dynamic 
"l" is a positive going voltage excur· 
sion. 



-- Motorola Integrated Circuits --

MC350 MECL series (continued) 

DC CHARACTERISTICS FOR MC350 SERIES 

WORST CASE TRANSFER CHARACTERISTICS DEFINITION OF TRANSFER CHARACTERISTIC POINTS 

e," !VOLTS) 

-1.350 -0-795 

v, v, 

~YV 
'"= 25 CPS 

e;, IVOLTSI 

WORST CASE NOISE MARGIN 

300r-+--+--+--+--+-+~f-+--+--+--+--+-+-<--< 

"I" FAN-OUT~ I 

2001Ft-...::t::; ...... 1N=r-rrtt1==f9==F=Ti.l':· F~Al:-o:~EJt~:J 
"0" FAN-OUT ~ I- 25 

IOOt-+--+--+--+-+-+l--t-+--+--+--+-t-f-+--1 IOOf-t-+--+--+--+--+-+-t-+--+--+--+--+-+-+ 

TEMPERATURE l'Cl TEMPERATURE l'Cl 

11-23 



I 

-. --Motorola Integrated Circuits --

MC350 MECL series (continued) 

MC354 
BIAS DRIVER 

A temperature compensating regulator intended 
for use in conjunction with the MOTOROLA MC350 
"MECL" series of INTEGRATED LOGIC 
CIRCUITS. Insures stable and reliable operation 
of "MECL" logic systems over a temperature 
range of O to + 75 •c. 

ELECTRICAL CHARACTERISTICS 

Test Conditions 

Fan-out 

OU':put Voltage Vee "' 0, VEE "' -5.2 Vdc ~ 1%, 

(No Load to Full Load) 'outo 0 to 2.5 mAdc 

Power DiSsipation Vee= 0, VEE ""'-5.2 Vdc : 1% 

CIRCUIT SCHEMATIC 

3 Vee 

Yee 
REGULATED 

R3 OUTPUT 

Symbol 0°C 2s°C 75°( Units min max min max min max 
25 25 25 

v •• 1.14 1.27 1.09 1.22 1.04 l.18 Vdc 

•o 25 24 22 mW 

CIRCUIT DESCRIPTION 

Circuit Operation: 
The divider network R1, Ri, D,. Di compensates for tem

perature variations of the base-emitter voltages of Qi, and of 
the driven gates, producing a bias voltage for the MECL logic 
circuits that maintains a constant set of de operating condi
tions over the temperature range of 0 to +75°C. In addition, 
compensation for power supply variations is achieved, since 
the bias output voltage is derived from the system supply. 

Either of the supply voltage nodes may be used as ground, 
however the ground potential of the bias driver must coincide 
with that of the ·Jogic system. Thus, if Vee is grounded in the 
logic system, then -

Voc=O; V.,= -5.2V; 
Vu= -1.15 nominal output voltage at 25°C 

11-24 
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-- Motorola Integrated Circuits ---

MC350 MECL series (continued) 

MC351. MC356. MC357. MC359 thru MC362 

LOGIC GATES 
CIRCUIT SCHEMATICS 

MC359 DUAL "NOR" 

*Resistors Ro are omitted in MC357 cir· 
cuits to permit reduction of Power Dissi
pation in systems where logic operations 
are performed at circuit outputs. 

EXAMPLE; where (n) gates are to perform 
an "OR" function, one MC356 gate and 
(n·l) MC357 gates can be used to provide 
savings of Power Dissipation in (n-1) gates • 

.. Pins 9 and 10 are for use in conjunction 
with the MC355 input expander to in
crease the fan-in capability in increments 
of five. 

0 •To be supplied from bias-driver circuit 
MC354 for optimum temperature stability. 

NOTE: Any unused inputs can normally be 
left open-circuited. In cases where there 
may be external leakage to the unused in· 
puts they should be connected to Vee· 

3 Yee 

MC360 DUAL "NOR" 

MC362F DUAL "NOR" 
4 

11-25 

LOGIC SPECIFICATIONS 

POSITIVE LOGIC 
When VM is defined as a logical "l" and Vl as 
a logical "O" the "OR" /"NOR" function is 
performed: 

Sina:le Gate 

~~F:=:"NOR"=A-+ B+C+o+£ 

f::t ___ _/---G""'"OR" =A+ 8-rC +0 + E 

Dual G1t1 

~ ~~G = 'NOR"= A+ 8-+ C 

i~i H-"NOR"~O-E+f 
~ 

NEGATIVE LOGIC 
Inversely, when VM is defined as a logical "O" 
and Vt as a logical "l" the "AND" /"NANO" 
function is performed: 

Slne;re Gate 

~~F= 'NANO''.=o~if~ 
~=:L__}---G ="ANO";: A • B • C • 0 • E 

Dual Gate 

~u-G"' "NANO" ~ 
;~: H - "NANO" ~ 
r~ 

MC361 DUAL "NOR" 

MC362G DUAL "NOR" 
3 
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MC350 MECL series (continued) 

LOGIC GATES (CONTINUED) 

DC ELECTRICAL CHARACTERISTICS: Vee = o, VK • -5.2 Volt•, (all ±1%), V11 = -l.18Vdc@o•c 

Ve,"" -1.15 Vdc@ +25•C 

Vn•-L08Vdc@+75•c 

Test Conditions Symbol 
0°( 25°( 75°( 

min max min max mrn 
Total Unit Power Supply All inputs open IE 

Current Drain MC351, MC356 9.25 8.85 
MC357 3.8 3.6 
MC359, MC360, MC362 13.55 13.0 
MC361 10.5 10,l 

Input Current Vt min@ 25°C Jin JOO 

Fan-In 23 

Fan-Out 25 

"NOR" OUTPUT - All Types 

''NOR"' Logical "O''Output Each Input: VJ 
Voltage Vin = -1.350 Vdc 0,715 0.850 0,670 0.795 0.590 

"NOR" Logical "0" Output Each Input: v, 
Voltage Vin = -0.850 Vdc @, OOC 1.570 1.830 

vin = -O. 795 Vdc rt! zs0c 1.465 1.700 
v 1n = -0. 725 Vdc @: 1s0c 1.395 

''NOR'' Saturation Breakpoint dv "NOR" • 0 V3 0.51 0,55 
Voltage ~ 

"NOR" Output Voltage Change All inputs open .. , 0.055 0.055 
(No load to full load) No load = 0 current at pin 5 

Full load = 2.5 mAdc !. 5% at pin 5 

"OR" OUTPUT - Types MC351, MC356, MC357 only 

''OR'' Logical ''l'' Output Each Input; v, 
Voltage Vin= -0.850 Vdc@ ooc 0.715 0.850 

v 1n = -0,795 Vdc@25°c 0,670 0.795 
v in = -o. 725 Vdc @· 75°c 0.590 

"OR" Logical "0" Output Each Input: v, 
Voltage Ym = -1.35 Vdc 1.570 1.830 1.465 1,700 1.395 

Transition Region Slope V "OR" Between: 
-1.400 Vdc and -1.00 Vdc@ o0c 0.095 
-1.350 Vdc and -0.950 Vdc@ 25°c 0.095 
-t.250 Vdc and -0.850 Vdc@ 75°<: 

"OR" Output Voltage Change No load = 0 current at pin 4 .. , 
(No load to full load) Full load = 2.5 mAdc '!: 5% at pin 4 

v 1n = -0.850Vdc@ o0c 0.055 
Vin= -0.795 Vdc~ 25°c 0,055 
v in = -o. 725 Vdc @ 75°c 

TYPICAL INPUT CHARACTERISTICS TYPICAL OUTPUT CHARACTERISTICS 

> 
i5 

~ 

0.2 

~ 0.1 
e 

1.6 1.4 1.2 1.0 

e;n!O.l V/DIVl 

0.8 0.6 

l 
~ 
6 I 

> ~ 
i5 

~ 
~ ---0 e 
J 

2.0 
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1.6 1.2 0.8 

eout(Q.l V/OIVl 

0.4 

max Units 

mAdo 
8.15 
3.3 

12.0 
9,25 

µAd< 

Vd< 
0.725 

Vd< 

1.680 

0.63 Vd< 

0.075 Vd< 

Vdo 

0.725 

Vd< 
1.680 

Vd< 

0.105 

Vd< 

0.075 

• 
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MC350 MECL series (continued) 

LOGIC GATES (CONTINUED) 

SWITCHING CHARACTERISTICS: Vee= 0, v,E = - 5.2 Volts. (all 1%), Veu= -1.18Vdc, VH = -0.790Vdc. v, = -l.640Vdc@o•c 

The stray capacotance introduced by the test jig was: 

C 1 "' (n + 12) pf where n = number of fan-outs. 

Test Conditions 

MC351 (See curves page 7) 
Propagation Delay 

''NOR'' Output Fan-In ~ 1, :Fan-Out 1 
Fan-In !, Fan-Out 10 

''OR'' Output Fan-In = !, Fan-Out 1 
Fan-In= !, Fan-Out 10 

''NOR'' Output Fan-In= t. Fan-Out •l 
!, Fan-Out ~ 10 

"OR" Output Fan-In = 1. Fan-Out I 
1, Fan-Out = 10 

Rise Time 
' NOR'' Output Fan-In·- 1, Fan-Out t 

"OR" Output Fan-In = 1, Fan-out •t 

Fall Time 
''NOR'' Output Fan-In = l, Fan-Out= t 
''OR'' OUtput Fan-In= l, Fan-Out = l 

v,0 = -1.15 Vdc. v ... :::: -0.750Vdc. v, = -l.550Vdc@ +25°C 

V,u = -1.08 Vdc. VH = -0.675 Vdc, VL = -1.SOOVdc@ +75°C 

Symbol 0°( 25°( 75 c 
min min min max 

"1 
3,0 10.0 4.0 11.0 5.0 13.0 
4.0 13.0 5.0 15.0 6.0 17.0 

'" 3.0 12.0 4.0 12.0 5.0 17.0 
B.O 2.0.0 9.0 21.0 15,0 58.0 

1d2 3.0 ll.O 4.0 15.0 5.0 16.0 
6.0 17.0 7.0 20.0 15.0 50.0 

1d2 3.0 9.0 4.0 9.0 5.0 11.0 
3.0 12.0 4.0 12.0 5.0 14.0 

t, 
3.0 12.0 4.0 14.0 5,0 15.0 

3.0 11.0 4.0 12.0 5,0 14.0 

" 3.0 14.0 4.0 15.0 5.0 16.0 
3.0 14.0 4.0 15.0 5.0 16.0 

Units 

MC356, MC357 - "NOR" AND "OR" Output; MC362 - "NOR" Output only 
Propagation Delay 

"NOR" Output Fan-In = 1, Fan-Out = l 
Fan-In = l, Fan-Out = 10 

"OR" OUtput Fan-In = 1, Fan-out = 1 
Fan-In = 1, Fan-Out = 10 

"NOR" Output Fan-In = 1, Fan-Our= 1 
Fan-In= 1, Fan-Out = 10 

VR'. Vuipui: Fan-iu l, Fan-Oul -
Fan-In = 1, Fan-Out = 10 

Rise Time 
''NOR'' Output Fan-In = l, Fan-Out = t 

"OR" Output Fan-In = 1, Fan-Out= 1 

Fall Time 
"NOR" Output Fan-In= 1, Fan-Out = t 

"OR" Output Fan-In = 1, Fan-Out = t 

MC359, MC360, MC361 - "NOR" Output only 

Propagation Delay 
''NOR'' Output Fan-In = 1. Fan-Out = l 

l, Fan-Out = 10 

"NOR" Output Fan-In = t. Fan-Out= 1 
Fan-In= l, Fan-Out = 10 

Rise Time 
"NOR,' Output 1, Fan-Out = 1 

Fall Time 
''NOR.' Output 1, Fan-Out = 1 

SWITCHING TIME TEST CIRCUIT 

11-27 

1dl 
J.O 8.0 4.0 
4.0 11.0 5.0 

1dt 3.0 9.0 4.0 
8.0 19.0 9.0 

1d2 3.0 10.0 4.0 
6.0 17.0 7.0 

!,d2 3.G 3.G 3.C 
3.0 11.0 4.0 

t, 
3.0 11.0 4.0 

3.0 9.0 3.0 

3.0 12.0 4.0 

3.0 11.0 4.0 

'dl 
3.0 9.0 3.0 
3.0 11.0 5.0 

1d2 3.0 10.0 5.0 
6.0 16.0 7.0 

t, 
3.0 9.0 4.0 

" 3.0 12.0 4.0 

PROPAGATION DELAY 

l=Jte, e, _ 

"OR 50°0 

I -td1 

fie, e, 

''NOR 50°~ 

-
Id ld1 

5.0 5.0 11.0 
11.0 6.0 14.0 

10.0 5.0 15.0 
20.0 15.0 37.0 

11.0 5.0 13.0 
21.0 15.0 36.0 

8.C ~.c 11.0 
11.0 5.0 13.0 

12.0 5.0 15.0 

10.0 5.0 11.0 

14.0 5.0 16.0 

14.0 5.0 16.0 

10.0 4.0 12.0 
12.0 6.0 15.0 

ll.O 5.0 14,0 
19.0 15.0 55.0 

10.0 4.0 12.0 

14.0 5.0 17.0 

RISE AND FALL TIME 

.,N90°o 
10°0 

11- - -I t 

[he fan-in is obtained w1thMC355 
input opanders w1\hall but the 
dr1ven1npulconnectedto 1.550V 
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MC350 MECL series (continued) 

LOGIC GATES (CONTINUED) 

1 40 

"OR" OUTPUT 
MC351 

SWITCHING CHARACTERISTICS 
(10% to 90% distribution) 

+75°C---

+250C-----

0°c----
60 

50 

"i 40 
.5 

fdr 

"NOR" OUTPUT 
MC351 

s 3011-----l--,.4---+----l-~ .... ='----I ~ 30 
~ 

0 

0 

0 j 4 

i 3 0 

j 2 0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

120 

100 

j 80 

~ 60 

~ 40 .,, 

0 

td2 

-

t, 

ti 

0 

10 

n, FAN·OUT 

-
- - -

10 

n, FAN-OUT 

. 
= r= =. 

10 

n. FAN-OUT 

10 

n, FAN-OUT 

15 

-= 
15 

15 

15 

-" 20 

10 

0 
0 

-- -I-=- ~ 

= - =" 

n, 'FAN·OUT 

-j::::": :-:.:i -==--F ~~ ;-....--

10 15 

60----------------

fd2 
501----+---+---+---l---+---

J 40 

s 301---4--+--+---l----c::.l--=-o 
~ 

j 2011---4--+-~.i-=--1---+=--I 

15 

n, FAN-OUT 

0 
t, 

50 

0 

0 

0 - ./-'._ == F ;;:: - ..... -= -0 - ,.... - ....... 
0 

10 15 

n,FAN-OUT 

120 

j 

10 15 

n, FAN·OUT 
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MC350 MECL series (continued) 

LOGIC GATES (CONTINUED) 

"OR" OUTPUT 

SWITCHING CHARACTERISTICS 
(10% to 90% distribution) 

+75oc:---
+25'C------

o·c-----
llC35&, llC357, MC353 "SUM" 

"NOR" OUTPUT 
MC35B, MC357, MC3B2 

~~-~---r---...--.,----.-~ 6 

501-.::.:...-+--+----+--+---+-~ 

1 4 

s 3 :s 

0 

0 

0 

0 

j 20 

0 

0 

0 

0 

0 

0 

0. 

0 
0 

J20 

100 

80 

60 

40 

20 

0 
0 

t.!2 

:.-E-

t, 

-
t, 

n, FAN-OUT 

- - ::::- ,,_ 

JO 15 

n,FAN-OUT 

-
~-. 

JO J5 

n,FAfl.OUT 

n, FAN-OUT 

t.!1 
50 

30 

20 -+--:-::: 
J . ---t-· - ·= 
0 JO J5 

n,FAN-OUT 

501----+---+---+---+----+---I 

~ 1 40!----t---+----+--+--=-4'::_--l - .--r-
~- aol----t---t1- ...........,----:::P--""""'--+--+----i 

V'" I b::=--== s 201----+-= ..... 'F---+-==.i--~~:;._j 
JO~~~fi-==~~-~~-~t:'=".;:-~·-1::t:.-,.-... ·-r-->:!!-~ 
I....._~- --i-o.__ _ _._ __ ..__ _ _,_ __ .....__.....J. _ __, 

10 15 

n,fAfl.OUT 

&01..---...---,.-----,--.,-----,_-~ 

t, 
501----+---+---+---+----+---I 

1 401---+--+---+--+---+-~ 
! 301---+--+---+--+---+-~ 

~ 2ot---:~=:::::J:::=:::F::::::::j::=::~~ I ---r-_:...~:.::=.~:.~--1 -
-~ - = - ,_, = 10 

0~0--+---!---~--!:10,...--~-~1·5 

n,FAN·OUT 

120 

100 
t, 

l 80 

~ 60 

~ 40 .:; 

20 

0 
0 10 15 

n, FAN·OUT 
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MC350 MECL series (continued) 

LOGIC GATES (CONTINUED) 

SWITCHING CHARACTERISTICS 
(10% to 90% distribution) TYPICALSWITCHINGTIMEVARIATIONS 
"NOR" MC356 

MC359, MC360, MC361, +75"C----
and MC353 "OR" and "CARRY" +25"C-·-· -

O"C----

60,~----~-------~-- SUPPLY VOLTAGE VARIATION 
t.11 

Wt----+---+----+----<---+----< 

I 40 

~ 3011----t---+--+----t---+----t 

.'i201'1i~~ 
101::::::; 
0 =-;--·....,.- ,._.,._. 

10 

r--1~, k \--
1,,,J 

th 
FAN·O T ~I 
r ... = 2s0 c 
NOR OUTPUT 

0 10 15 
4 u u u u ~ u u u u u u 

n, FAN-OUT 

n, FAN·OUT 

601.---~----------~--
t, 

501-----+---+---+----t---t-----t 

1 40t----+---+---+----+---+----< 

~ 301-----+---+---+----t---t-----t 

~ 20t----+---+---+----+---+----< 

10~~~~ ,,..., ·~ 

10 15 
~~---'--...J....--..1....---'---'----' 

n,FAN-OUT 

120.----r--~--~-~--~--

lOOt----+---+---+----+---+--__, 

& sor------t----t---+----t-:..,,....'9-----t 
" ! wr------t----t---17~--t--::;;lo-""""'---t 
~ .. 401---t--:;"""'"--=;l...~=-:!=--t:':;;;:-i 

n, FAN-OUT 

! 
~ .. 
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~v,,, POWER SUPPLY VARIATION IVOLTS) 

m,fAN-IN 

LINE DRIVER APPLICATION 
60 

50 

40 

30 

20 
10 

0 
0 

n, FAN-OUT 

OUTPUT WIRED "OR" FUNCTION 
16 

T.., = 25"C 
18 

4'----.L...---'----+---~----' 
0 4 10 

COMMON OUTPUT EM I TIERS (MC357 s) 
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MC350 MECL series (continued) 

MC353 
HALF-ADDER 

• Provides the "SUM," "CARRY," and "NOR" Outputs 
for Use in Digital Computer Circuits over a Temperature 
Range of Oto +7s•c. 

• Average Propagation Delay -6 nsec 

CIRCUIT SCHEMATIC LOGIC SPECIFICATIONS 

A~"SUM"~AB+AB 
: MC353 "CARRY"~ AB 

B · "NOR" ~~B 

The "NOR" and "CARRY" outputs can be 
tied together to provide the "SUM" function. 

If complement inputs are not used an un· 
defined state can occur. When all inputs are 
at a logical "O" Rei has two RE currents which 
saturates the Vu transistor. The "SUM" out
put goes to -2.3 Volts. The recovery time 
characteristics are shown in the curve below. 

RECOVERY CHARACTERISTICS WITH SIMULTANEOUS "O" 
ON ALL INPUTS 

SWITCHING TIMES TEST CIRCUIT 

14 

lI1J 
13 

12 

1 

7 
0.01 

1-1 
~ 

I 

~8&10 

~ SUM" 

v PINS 7 & 9 ARE LOGICAL "O" 

~N~J~El~~ruf~~ 1~~T~ 

JI J 
0.1 1.0 10 

PW, PUISE WIDTH l""d 

100 

PROPAGATION 
DELAY TIME 

·-fi-5D% - \..._ 

t..1 t.i2 

WAVEFORM AT INPUT Of 
GATE UNDER TEST 
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IRISE TIME ::: 10% to 90% POINT OF POSITIVE GOING WAVEFORMS. 
FALL TIME = 90% to 10% POINT OF NEGATIVE GOING WAVEFORMS.I I 
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MC350 MECL series (continued) 

HALF-ADDER (CONTINUED) 

ELECTRICAL CHARACTERISTICS: Vil• -5.2Vdc:t:1%, Vee• 0Vn•-1.18Vdc@O-C 
Vn = -1.15 Vele@ +2s•c 
Vu•-1.08Vdc@+75•c 

I Test Conditions Symbol min ~max min 25r max 
7~"C 

min = max 
I Unhs I 

DC CHARACTERISTICS 
"NOR" Logical "1" V Jn = -1.350 Vele each lnpllt v, 0.715 0.850 0.6'1'() 0.795 0,590 0.'125 Vdc 

Output Voltage 

''NOR" Saturation lll'..!2!llll.' V3 0,510 0.550 0.030 Vdc 
Bnalrpoint Voltage d\tin •D 

''NOR" Logieal "0" Each Input: V4 Vdc 
Out:putVoltage Vin • -0.850 Vdc @ o0c 1.1170 1.830 

Ytn = -0.7911 Vdc@ 25oC 1.46!!1 1.'100 
Vin= -0.125 Vdc@ 'l'5oC 1,396 1,880 

"SUM" Lacteal "1" Each~: V5 Vdc 
output Voltage V1n= -0.850Vclc@ooC 0.'115 0.850 

~=: =~:::. :~: ~=~ 0.870 0.795 
0.590 0.'125 

"SUM" Logical "0" Vin= -1.350 Vele each 1npllt 
output Voltage 

v, 1.5'10 1.830 1.485 1,700 1,395 ..... 
Tr1n11lt1.on Region Slope Between: •V Vdc 

v"SUM" • -1.000 and -1,400 Vdc@ o<>c 0,095 
v"SUM" = -0.950 and -1.350 Vdc@ 15°<: 0.095 
V"SUM" = -0.800 and -1.250 Vele@ 'Jl°C 0.105 

"CARRY" Logical "1" 
output Voltage 

Vin " -1.350Vdceach1nptlt v, 0.715 0.8&0 0.670 0 ..... 0.590 0.725 Vdc 

"CARRY" Logical ."0" Each Input V4 Vdc 
Output Voltage ~==~::::::~ 1.570 ..... 

1.485 1.700 
Vin = -0.72S Vdc@ 75°c 1.39fi 1.680 

''CARRY'' Saturatlon dV "CARRY" 
·0 V3 0.510 0.550 0.830 Vdo 

Bl'ealqJoint:Voltage ~ 
Total Unit Power SUpply Alllnputa Open IE 15.9 11.30 14.10 ..... 

Current 

LOADING CHARACTERISTICS 
"NOR" Output Voltage Change All Inputs open •V1 0.055 0.055 O.O'ni Vdc 

Between No Load and Full No load = O Current (pin 5) 
Load Conditions Full load = 2.5 mAdc (pin 6) 

"CARRY" output Voltage All Inputs open AV1 0.055 0.051 0.075 Vdc 
Change Between No Load No load = O current (pin 6) 
and Full Load Conditions Full load " Uli mAdc (pin 6) 

"SUM" output Voltage Change. No load = 0 current (pin 4) .v, Vdc 
Between No Load and Full Full load = 2.5 mAdc (pin 4) 
Load Conditions lllput(pjn9): 

~ = -0.850 Vdc@ o0c 0.055 
in = -0. '195 Vdc@ 25°<: 0.065 

Vin• -0.725 Vdc@ 'II°<: 0.0'16 

SWITCHING CHARACTERISTICS VH • -0.790Vdc, VL • -1.840Vck:@O"C 

Thll stray capacitance introduced by the test Pl was; VH = -0.750Vdc, VL = -1.5!50Vdc@+25"C 

Cs "" (n + 12) pt wheTe n • number of fan-outs. VH. -0.875 Vdc, VL = -1.SOOVdc@ +7&•c 

Propagation Delay Time 
"SUM" output Fan-In = 1, Fan-put = 1 ... 3.0 11.0 4.0 11.0 5.0 1'1.0 
"NOR" output Fan-In = 1, Fan-out .. 1 ::: 3.0 8.5 3.0 9.0 4.0 12,0 
"CARRY" output Fan-In = l, Fan-Out = 1 3.0 8.5 3.0 e.o 4.0 13.0 

"SUM" output Fan-In "' 1, Fan-OUt = 1 :: 3.0 8.0 3.0 ... 4.0 12.0 
''NOR" Output Fan-.In = 1, Fan-Out = 1 3.0 9.0 •.o 10.5 5.0 14.0 
"CARRY" Output Fan-In = 1, Fan-out • 1 ... 3.0 9.0 4.0 10,5 5.0 14.0 

Rise Tlma 

I 
"SUM" Output Fan-In = 1; Fan-Out = 1 " 3.0 10.0 •.o 10.5 5.0 16,0 
''NOR" Output Fan-In "! l, J'an..out • 1 " 3.0 9.0 4.0 10,0 4.0 15.0 
"CARRY" Output Fan-In = l, Fm-Out = 1 " 3.0 B.O 4.0 10,0 •.o 15,0 

Fall Time 
''SUM" Output Fan-In .. 1, Fan-Out = 1 " 3.0 11,0 •.o 14.0 5.0 18,0 
"NOR" Output Fan-In ... 1, Fan-Out "' 1 " 3.0 11.0 4.0 14.0 5.0 1'1'.0 
''CARRY''OUt:put Fan .. Jn .. l, Fan-Out • 1 " 3.0 12.0 4.0 14.0 5.0 1'1.0 
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-- Motorola Integrated Circuits --

MC350 MECL series (continued) 

FLIP-FLOPS 

MC352 
DC R-S FLIP-FLOP 

Performs the Binary Function of "Q" and "Q" 
Outputs at High Speeds over a Temperature 
Range of 0 to +75"C. 

SET 

CIRCUIT SCHEMATIC 

NOT£: Any unused inputs can normally be left open-circuited. In cases where 
there may be external leakage to the unused inputs they should be con
nected to V11• 

MC358 
_J-K FLIP-FLOP 

RESET 

LOGIC SPECIFICATIONS 

When VH is defined as a logical ''l ''and VL 
as a logical "O", the function is as follows: 

s Q• SBQ 
MC352 -

R Q 

0 I I 

I 0 0 

0 0 Cl" 
I I N.O. 

Performs the Single Phase Binary Function of "Q" 
and "Q" Outputs at High Speeds over a Temperature 
Range of Oto +75"C. 

CIRCUIT SCHEMATIC 

NOTE: Any unused inputs can normally be left open-circuited. In cases where 
there may be external leakage to the unused inputs they should be con
nected to Vu. 
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LOGIC SPECIFICATIONS 

When VH is defined as a logical "l" and VL 
as a logical "0'', the function is as follows: 

T. K. Co ii""' 

of> ~ Cl" 
Q 

0 0 I Q• 

MCJSB I 

c. 0 
ii Q• 

Clocked JK Openition 

The Js and Ks inputs refer to logic levels 
while the Co input refers to dynamic logic 
swings. The Ts and Ks inputs would be 
changed to a logical "1" only while the ~o 
input is in a logic "l" state. 

Set-Reset operation is the same as the 
MC352. I 
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--- Motorola Integrated Circuits --

MC350 MECL series (continued) 

FLIP-FLOPS (CONTINUED) 

MC352. MC358 

ELECTRICAL CHARACTERISTICS' v,.=-•.2voc =•%. v,,=o 

Test Conditions 

DC CHARACTERISTICS 
''Q" or "Q'' Logical ''l" Output Each Input: 

Voltage Vin = -1.350 Vdc 

"Q" or "Q" Logical "0" Ou4mt Each Input: 
Voltage Vin= -1.350 Vdc 

"Q" or "Q" Saturation dV "Q"/dVm = O; dV "Q"/dV1n = 0 
Breakpoint Voltage 

"Q"or"i.l" Latch Voltage~=~!~!~ dV1/dVm"' co 

dV1/dVln ~ 

Total Power Supply Current All Inputs Open 

LOADING CHARACTERISTICS 
"Q" Output Voltage Change 

"Q" Output Voltage Change 

Output Voltage at Max J.i.n 

All Inputs Open, measured between no load 
and full load 

~!:: ~: :~ : :ri:~!~ ~~~ g ~;sc 
Vin (pin 6) = -0.725 Vdc @75°C 

No load = 0 current (pin 5) 
Full load= 2,5 mAdc '.!:: 5% (pin 5) 

All Inputs Open, measured between no load 
and Full load, V. at pin 10 for MC352, 
pin 1 for MC358 m 
V. = -0. 850 Vdc@ o0c 

~ : =~: ~~~ ~~~ i ~~~g 
No load - 0 current (pln 4) 
Full load = 2.5 mAdc "!:. 5% (pin 4) 

Set "Q" to upper state: 

~:: =~:~:~ ~~~ ~~: ::g ~;fc 
. Vin= -0.725 Vdc (pin 6)@75 C 

R~~:~!i1lt%T~e;0Jnput"' 
100 µAde :1%@ 25~C and 75°C 

MC352: MC358: 

Input Output Input Output 

1. Pin 9 Pin4 ("Q") I. Pin 1 Pin 4 ("Q") 
2. Pin 7 Pin5 ("Q") 2. Pin 6 Pin 5 ("Q") 
3. Pin 10 Pin 4 ("Q") 
4. Pin 6 Pin5 ("Q") 

Symbol 

v, 
v, 
V3 

VL 
VL 

IE 

TRANSFER CHARACTERISTICS 

-1350V e.. O 

' 
eout 

' 

·vv 
-lV = 25 CPS 

oc 2SC 
min max min max 

0.715 0.850 0.670 0.795 

1.570 1.830 1.465 1.700 

0.61 0.65 

1.11 1.34 1.09 1.30 
1.11 1.25 I.09 l.21 

9.3 8.90 

0,075 
0,075 

75C 
min max 

0,590 0.725 

1.395 1.680 

0.73 

1.02 1.23 
1,02 1.14 

8.30 

0,085 

*FOR "Q" TESTS REVERSE "S" & "R" CONNECTIONS 
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Units 

Vdo 

Vdo 

Vd< 
Vdo 

mAdc 

Vd< 

Vdo 



-- Motorola Integrated Circuits --

MC350 MECL series (continued) 

FLIP-FLOPS (CONTINUED) 

MC352 

SWITCHING CHARACTERISTICS: Vee "' o. VIE = -5.2 Volts, (all ±1%), VH. -0.790Vdc, vl .. -1.640Vdc@o•c 

The stray capacitance introduced by the test jig was; 
C 1 = (n + 12) pf where n = number of fan.outs. 

Test 

Propagation Delay Time 

Rise Time 

Fall Time 

Conditions 

Either Output (Fan-In " I, Fan-out = t) 
Either Output (Fan-In = 1, Fan-Out = 1) 

Either OUtput (Fan-In = 1, Fan-Out = 1) 

Either Output (Fan-In = 1, Fan-out = 1) 

VH. -0.750Vdc, VL = -1.550Vdc@ +2s•c 
VH :m -0.675Vdc, VL= -1.500Vdc@+7s•c 

Symbol oc 2SC 
mon max 

... 4.0 10,0 5.0 11.0 .., 4.0 14.0 5.0 15.0 

" 4.0 16,0 5.0 17.0 

~ 4.0 16.0 5.0 18.0 

7SC Units mon 

6.0 17,0 
6.0 17.0 

6.0 18,0 

6.0 21.0 

SWITCHING TIME TEST CIRCUIT SWITCHING TIME TEST PROCEDURE 
2N918 

TO TEKTRONIX 567 
OR EQUIVALENT 

INPUT TO RESET-+---J 

MC356 

SWITCHING CHARACTERISTICS 
(10% to 90% distribution) 

+WC 

+25°C-----
00C-----

Q OUT 

Q OUT 

PW 
JOO nsec 

60 60,r---.---,----,---,---,---:7"1 

50 50 

~ 
s 40 

~ 
5 30 

:!: 
j 

20 

1 40 

!I! 
<= 30 

~ 
,j 20 

10 10 

0 0 10 15 0 0 10 15 

n, FAN-OUT n, FAN-OUT 

60 12 0 
t, ti 

50 

¥ 40 

i 30 

i _, 20 

10 

0 

...}/ 
0 

L v 
0 ~ 

L i---~ ~ -- --0 

~ !:::"::::-ii ~-0 =--I""'" 

10 

=--
00 10 15 

0 
10 15 

n. FAN-OUT n, FAN-OUT 
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--Motorola Integrated Circuits --

MC350 MECL series (continued) 

FLIP-FLOPS (CONTINUED) 

MC358 

SWITCHING CHARACTERISTICS: Vee= 0, Vu"' - 5.2 Volb, (all =1%). VH. -0.790Vde, vl = -1.640Vdc@O"C 

The stray capacitance introduced by the test jig was; 
c, = {n + 12) pf wliere n = number of fan.outs. 

Test 

Propagation Delay Time 

Rise Time 

Fall Time 

Conditions 

Either OUtput (Fan-In = I, Fan-Out = 1) 
Either Output (Fan-In = 1, Fan-Out= 1) 

Either Output (Fan-In = l, Fan-Out = 1) 

Either Output (Fan-Jn = 1, Fan-Out = 1) 

V11 = -0.750Vdc, Vl'" -1.SSOVdc@ +25°C 

VH= -0.675Vdc, VL= -l.500Vdc@+7s•c 

Symbol 0°C 25°( 
min max min max 

.... 4.0 11.0 5.0 15.0 

'"' 4.0 13.0 5.0 16.0 

t,. 4.0 15.0 5.0 15.0 

~ 4.0 16.0 5.0 16.0 

75°( 
min max 
6.0 30.0 
6.0 18.0 

6.0 27,0 

6.0 35.0 

SWITCHING TIME TEST CIRCUIT SWITCHING WAVEFORMS 

-5.2 

60 

td, 
50 

1 40 

~ 30 -
~ j 20 

IO 
--1 ·-· ~-~ 

SWITCHING CHARACTERISTICS 
(10% to 90% distribution) 

+wc-----
+250c------

0°C-----

60 

50 

1 40 

" 30 " 
~ 20 

-::-=::;:;! -~ ----::; -·-
J 

10 

10 15 00 

n, FAN-OUT 

10 

n, FAN-OUT 

Units 

15 

120------------------
t, 

ol----+----1---1-----11----1-----1 

140 ~ 
~ 30f------.i.-----11---=~-~F=--+--+----4 

"' 

] aol------+---+---+------1,_...£::.-+----I 
~ 601-----1-----+---~ ..... <F'---+--~,J...."""==--I 
=l 
~ ~1----6-"""=-+-----::;;;J...~;;;...i..,,,,:~±.;;...~ 

10 15 10 15 

n, FAN·OUT n, FAN-OUT 
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--- Motorola Integrated Circuits ---

MC350 MECL series (continued) 

MC355 
GATE EXPANDER 

Designed primarily for use in conjunction 
With the MOTOROLA MC356 and 
MC357 "MECL" 3-INPUT LOGIC 
GATES. Each expander unit increases 
the fan-in of the basic gate by five. 

ELECTRICAL CHARACTERISTICS 

Test Conditions Symbol O"C 
min max 

Base Leakage Current VEE= -2.0 Vdc. Yee = o. lsL 0.5 

VBB = -5.2 Vdc 

Input Voltage Vea = -0.7 Vdc, VB = o. VBE 0.730 0.770 

'• -1.33 mAdc 

Collector Leakage Current Vee = -2 Vdc, VEE = 0.3 Vdc 1CEX 
LO 

(All inputs), VEE= 0 

SWITCHING CHARACTERISTICS 

Propagation Delay '" 3.0 8.0 
td2 3.0 11.0 

Rise Time t, 3.0 12.0 

Fall Time 3.0 13.0 

SWITCHING TIME TEST CIRCUIT 

170 

MC35G 

"OR" 
MC355 

e, 

1K 

5 2V 

min 

0.680 

3.0 
4.0 

4.0 

4.0 

300 

CIRCUIT SCHEMATIC AND INTERCONNECTION TO MC356 3-INPUT GATE 

MC355 MC355 
GATE EXPANDER 

-----, 

NOTE: Any unused inputs can normally be left open-circuited. In cases where 
there may be external leakage to the unused inputs they should be con
nected to VEE· 
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25°( 75°( 
Units max min max 

0.5 2.0 µAde 

0.720 0.580 0.6ZO Vdc 

1.0 15.0 µAde 

,_,I 4.0 11.0 
11.0' 5.0 13.0 

I 
I 

13.0 I 5.0 15.0 

14.0 j_ 5.0 16.0 

2N918 

1K 

5 2 v 

v .. 

MC356 
3-INPUT GATE 

OUTPUT 
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-- Motorola Integrated Circuits --

MC 200 DTL series 

SUFFIX "F" DEVICES SUFFIX "G" DEVICES 

CASE 72 CASE 71 
(T0-5) 

Monolithic integrated Diode Transistor Logic circuits 
for low-power, high-speed applications. The MC200 
series provides a high noise immunity of O. 5 Volts 
and '{P.erates over the temperature range of -55 to 
+125 c. 

SERIES MC200 DTL INTEGRATED CIRCUITS 

Typical Maximum 

Propagation Power Dissipation Maximum 
Type Description Delay Output Offl Output on Fan Out 

(nsec) (mW) (mW) (-55 to +12S°CJ 

MC201 4-Input NAND/NOR Gate 30 8. 5 6 5 

MC202 3-Input NAND/NOR Gate 30 8.5 6 5 

MC203 6-Input Diode AND Gate - - - -
MC204 3-Input Power NAND/NOR Gate 40 20 60 20 

MC205 Line Driver 50 30 60 20(MC201} 
15(MC209} 

MC206 Dual (2-2) Input NAND/NOR Gate 30 17 12 5 

MC207 Dual (3-2} Input NAND/NOR Gate 30 17 12 5 

MC208 Dual (3-2} Input NAND/NOR Gate 30 17 12 5 

MC209 Flip-Flop - 16 16 8 

MC212 Dual (3-3) Input NAND/NOR Gate 30 15 12 5 

MC213 Dual (3-3) Input NAND/NOR Gate 30 15 30 4 

MC215 Dual (3-3) Input AND Gate - - - -

MC217 Dual-Diode Array - - - -
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-- Motorola Integrated Circuits ---

Mc201 
Mc202 

MC200 DTL SERIES 

4-Input and 3-Input Diode Transistor Logic NAND/ NOR Gates. 

MAXIMUM RATINGS (TA= 25°C unless otherwise noted) 

Characteristic Symbol Rating Unit 

Applied Voltage Volts 
V3,4,6 +8 
V5 -8 
V7 thru 10 +6 

Forward Current 12 thru 10 30 mA 
------

Operating Temperature Range TJ -55 to +125 OC 

----· 
Storage Temperature Range Tstg -65 to +175 oc 

6 
4-INPUT NANO/NOR GATE MC201 

----------..... Yi111-------.04 

A 

B 80--flll-.... 
c 90-.... 1-.... 

D 10 0-.. 1---' 

3 E 

5 

NANO NOR 
("UP" LEVEL = "I") ("DOWN" LEVEL= "I") 

E = AiiCfl E= A+B+C+D 

6 3·1NPUT NANO/NOR GATE MC202 
_________ __.INl.-----<J4 

NANO NOR 
("UP" LEVEL= "!") ("DOWN" LEVEL= "!") 

20----· 3 E 

E = A+B+C 
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--Motorola Integrated Circuits --

MC201, MC202 (continued) 

ELECTRICAL CHARACTERISTICS 

• (V• = 4 Vdc, Vs= 2 Vdc, V1 = 0, TJ = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max 

Output Saturation Voltage V3 
(13 = 10 mAdc, VJ. lf'ru 10 = 2 Vdc, - - 0.6 

TJ = -55 to +125 C 

Output Breakdown Voltage BV3 
(13 = 1 µAde, V 1,5,6 = 0) 8 - -

Output Sustaining Voltage LV3 
(13 = 10 !J!Adc, V 1,5,6 = 0) 5 - -

Output Leakage Current 13 
(V7 = 0.7 Vdc, V 8 9 10 = 2 Vdc, V3 = 5 Vdc) - - 0.5 

(V7 = o. 7 Vdc, v 8' 9\ 0 = 2 Vdc, V3 = 5 Vdc, - - 50 
TJ = 125°C) ' ' 

lnput Diode Leakage Current** 17 thru 10 
(Diode under test at 5 Vdc, all other inputs = 0) - - 0.25 
(Diode under test at 5 Vdc, all other inputs = O, :.r. = 125 "C) - - 25 

Turn-Off Current at lnput •• 
(V7 thru 10 =0) 17 thru 10 -1.4 - -1.8 

(V7 thru 10 = 0, T J = -55 to+ 125°C) 17 thru 10 - - -1.9 

CV2 = O) 12 -1.6 - -2.4 

Load Resistor Current 14 
(V4 = 0) -1.6 - -2.4 

Output Capacitance C3 
(V 3 = 4 Vdc, Vin= 25 mVrms, f = 1 me, - - 15 

unused pins grounded) 

lnput Capacitance•• C7 thru 10 
CV7 thru 10 = 4 Vdc, Vin= 25 mVrms, f = 1 me, - - 8 

unused pins grounded) 

Power Consumption from Power Supply 
(Output "Off", V7 = 0) - - 8.5 
(Output "On") - - 6.0 

Switching Time 
Turn-On Delay ton - - 60 
Turn-Off Delay toff - - 50 

Average Propagation Delay pd - 30 -
Fan-Out n 

(T J = -55 to +1250C) - - 5 

• Numerical subscripts refer to pin numbers. Pins not specifically referenced are left 
electrically open. 

•• Input diode at pin 10 available on MC201 only 
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Unit 

Vdc 

Vdc 

Vdc 

µAde 

µAde 

mAdc 

mAdc 

pf 

pf 

mW 

nsec 

nsec 

-



--Motorola Integrated Circuits --

MC201, MC202 (continued) 

lsw1TCHING TIME TEST CIRCUIT! 

TEKTRONIX 
110 

PULSE 
GENERATOR 

OR 
EQUIVALENT 

51{! 

+4V 

-2V 

TEKTRONIX 
581 

OSCILLOSCOPE 
OR 

EQUIVALENT 

5100 

PROPAGATION DELAY 
MEASUREMENT CIRCUIT 

AVERAGE t,, PER STAGE = ~ 

--foAGES-
OUTPUT 

SWITCHING TIME WAVE FORMS 

1.5Y 

-1. .. 1-

Mc203 MC200 DTL SERIES 

6-Input Diode Transistor Logic AND Gate. 

MAXIMUM RATINGS (TA= 25°C) 

Characteristics Symbol Rating Unit 

Applied Voltage Vdc 

~3 thru 8 
+8 

2, 9 
:t8 

Forward Current 12 thru 10 30 mAdc 

Operating Temperature Range TJ -55 to +125 oc 

Sb>rage Temperature Range Tstg -65 to+l75 oc 

• Numerical subscripts refer to pin numbers. 
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-- Motorola Integrated Circuits --

MC203 (continued) 

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

Characteristics Symbol Min Typ Max Unit 

. Diode Breakdown Voltage V 3 thru 8 Vdc 

(13 thru 8 = 10 µAde, V 10 = V 1 = O) 8 - -
- ----- ---

Diode Forward Voltage VlO Vdc 

(110 = 2 mAdc, V 3 thru 8 = O) - - 0.85 

- --·-------
Diode Reverse Leakage Current 13 thru 8 

µAde 

(V3 thru 8 = 5 Vdc, VlO = Vl = O) - - 0.25 

(V3 thru S = 5 Vdc, v10 = V1 = 0, TJ= 125°C) - - 25 

. -··~-.-- -- --------
Input Capacitance C3 thru 8 pf 

(V 3 thru 8 = 2 Vdc, V 10 =V1 = 0, f = 1 me, - - 10 

Vin= 25 mVrms, unused inputs grounded) 

-- ---------
Reverse Recovery Time trr 3 thru 8 nsec 

(IF 3 thru 8 = 1R 3 thru 8 = 2 mAdc, V 10=V1 = O, - - 4 

recover to 0.2 mAdc) 

-- ---------
Resistor Current 19 mAdc 

(V g = 4 Vdc, V 2 = O) 1.6 - 2.4 

-- -- --- ----
Resistor Temperature Coefficient - 0.1 - %/OC 

-- ----- ----
Diode Forward Conductance Change with fl.VF 3 thru 8 - -1.7 - mV/OC 
Temperature 

* Numerical subscripts refer to pin numbers. 

Pins not specifically referenced are left electrically open. 

I 
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--- Motorola Integrated Circuits --

MC203 (continued) 

I CIRCUIT SCHEMATIC I 
2n---------.....11.,,.,_..----------------<> 

3 4 6 8 

&·DIODE "AND" GUE 

Mc204 MC200 DTL SERIES 

3-Input Diode Transistor Logic NAND/NOR Power Gate. 

MAXIMUM RATINGS (TA= 25°C) 

Characteristic Symbol Rating Unit 

Applied Voltage v +8 Vdc 
V3' 7,8,9 -6 5 
V5 +6 

Forward Current 15 thru 10 30 mAdc 

Load Current 13 75 mAdc 

Operating Temperature Range TJ -55 to +125 oc 

Storage Temperature Range Tstg -65 to+ 175 oc 

• Numerical subscripts refer to pin numbers. 
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--Motorola Integrated Circuits --

MC204 (continued) 

ELECTRICAL CHARACTERISTICS 

(V• == 4 Vdc, Vs== 2 Vdc, Vi== 0, TJ == 25°C unless otherwise noted) 

Characteristic Symb1I Min Typ Mu Unit 

Output Breakdown Voltage BV3 Vdc 
(13 = 5µAJJ.c, v 7 = O) 8 - -

"1" Output Current 13 µAD.c 

(V7 , B, or g"' 1.1 Vclc, v 3 =5Vdc} - - 100 

<"Y-1, 8, or 9= 0.7 Vdc, V 3 = 5 Vdc, TJ 125 C) - - 100 

(V7, 8, or 9 = 1.4 Vdc, v 3 = 5 Vdc, TJ = -55°C) - - JOO 

"0" Output Current 13 mAJJ.c 

(V7, 8, or 9 = 1.7 Vdc, v 3 = 0.6 Vdc) 40 - -
(V7, 8, or 9 = 1.3 Vdc, v3 = 0.6 Vdc, TJ = 125'C) 40 - -
(v7 , a, ors."' 2.0 Vdc, v 3 = 0' •. 6 Vdc, TJ = -55°C) 40 - -

Input Breakdown Voltage Vdc 
;11 = 10 µAde, Ve= O) BV7 8.0 - -
(18 = IOµAdc, v7 = O) BV8 8.0 - -
(1 9 = IOµAdc, v 7 = O) BV9 8.0 - -

Input Leakage Current µAD.c 
(V7 = 5 Vdc, V 8 = O) 17 - - 0.25 

(V7 = 5 Vdc, Ve= 0, TJ = 125'C) 17 - - 25 

(V8 = 5 Vdc, v 7 = 0) Ia - - 0.25 

<Va=5Vdc, V7=0, TJ=l2? C) 18 - - 25 

(V 9 = 5 Vdc, V 7 = O) 19 - - 0.25 

<V 9 = 5 Vctc, v 7 = o, TJ = 125'cl 19 - - 25 

Input Turn-Off Current mAJJ.c 
(Alternately, v 7, v 8, V 9 = 0) 17, 18, 19 - - -3.75 

(Alternately, V7, v 8 , V9 =0, TJ= -55°Cto+l25°C) 17, 18, 19 - - -3.9 

(V 10 = 0) 110 - - -4.8 

Output Capacitance C3 -
(V3 = 2.0 Vdc, Vin= 25 mVrms, f = 1 me, unused pins grounded) 

- 15 pf 

Input Capacitance pf 
(V7 = 2.0 Vdc, Vin= 25 mVrms, f = 1 me, unused pins gi-ounded) C7 - - IO 

(V 8 = 2.0 Vdc, Vin= 25 mVrms, f = 1 me, unused pins grounded) Ca - - 10 

(~ = 2.0 Vdc, ~ = 25 mVrms, f = 1 me, unused pins grounded) <:a. - - 10 

Power Supply mW 
(Output "OFF", v 7 = 0) - - 20 

(Output "ON") - - 60 

Switching Times nsec 
Turn-On Delay t on - - 35 

Turn-Off Delay toll - - 90 

Average Propagation Delay (Figure 2) tpd - 40 - nsec 

Fan-Out n - - 20 -
(to MC201, TJ" -55°C to+ 125°C) I 

•Numerical subscripts refer to pin numbers. Pins not specifically referenced are left electrically open. 
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-- Motorola Integrated Circuits --

MC2-04 (continued) 

CIRCUIT SCHEMATIC 

10"--------.J 

POWER GATE MC204 

lsw1TCHING TIME TEST CIRCUIT! 
PROPAGATION DELAY 

MEASUREMENT CIRCUIT 

TEKTRONIX 
110 

PULSE 
GENERATOR 

OR 
EQUIVALENT 

Sin 

Mc205 
LINE DRIVER 

l -2V 

TEKTRONIX 
581 

OSCILLOSCOPE 
OR 

EQUIVALENT 

IOOn 

AVERAGE tpd PER STAGE :::: ~ 
OUTPUT 

--i'STAGES-

SWITCHING TIME WAVE FORMS 

l 
i-FF l A 1.SV 

+- ISV ~ f-,!_ 

~ i f-~ I 
UV- J 
I I j4 ] 

MC200 DTL SERI ES 

I 

3 0 

Diode Transistor Logic Line Driver. 
MAXIMUM RATINGS m = 25°C) 

Characteristic Symbol Rating Unit 

Applied Voltage v3, 4, 6 +6 Vdc 

V5 -6 

vs, 10 +6 

Forward Current 15, 8, 10 30 mAdc 

Load Current 13, 4, 6 75 mAdc 

Operating Temperature Range TJ -55 to +125 •c 
--------~ 

Storage Temperature Range Tstg -65 to +175 ·c 

11-45 
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-- Motorola Integrated Circuits --

MC205 (continued) 
ELECTRICAL CHARACTERISTICS 

Characteristic 

Output Saturation Voltage 
(13 = 40 mAde, TJ = -55'C to +125'C) 

Output Voltage, "Oil" Level 

• (V• = 4 Vdc, Vs= 2 Vdc, V1 = 0, 
TJ = 25 •c unless otherwise noted) 

Symbol Min 

Y3 

-
(13 = 10 mAde, Ya= 0.7 Vdc, TJ = -55'C to +125°C) Y3 

2.0 

Input Breakdown Voltage 
(18 = 10 µAde, V lO = 0) BYS 8.0 
(110 = 10 µAde, VB = 0) 

BVlO 8.0 

Input Leakage Current 
(V 8 = 5 V de, V 10 = 0) 18 
(Vs= 5 Vdc, vlO = o, TJ = 125'C) 18 -
(V 10 = 5 Vdc, VB = 0) 110 
CV10 = 5 Vdc, Ya= o, TJ = 125'C) 110 -

Turn-Off Current at Inputs 
(V 8 = 0) ~8 -
<v 8 = o, TJ =-55to+ 125'C) 18 -
(V 10 = O) 110 -
(V lO = O, T J = -55 to+ 125'C) 110 -

Typ 

-

-

-

-

-

-
-
-
-

Load Resistor ~-_i - 125 

Input Capacitance 
(V 8 = 2 Vdc, Vin= 25 mVrms, f = 1 me, unused pins grounded) CB - -
(V 10 = 2 Vdc, Vin= 25 mVrms, f = 1 me, unused pins grounded) c10 - -

Power Consumption from Power Supply 
(Output "Oll", V 8 = 0) - -
(Output "On") - -

Switching Times 
Turn-On Delay t 

on - -
Turn-0!! Delay toll - -

Average Propagation Delay 
(CL = 1000 pl) tpd - 50 

Fan-Out n 
(to MC201, T J = -55 to+ 125'C) - -
(to MC209, T J = -55 to+ 125'C) - -

Mu, 

0.6 

-

-
-

0.25 

25 

0.25 

25 

-3.75 

-3.9 

-3.75 

-3.9 

-

10 

10 

30 

60 

90 

50 

-

20 

15 

*Numerical subscripts refer to pin numbers. Pins not specifically referenced are left electrically open. 

I I I PROPAGATION DELAY 
SWITCHING TIME TEST CIRCUIT MEASUREMENT CIRCUIT 

TEKTRONIX 
110 

+4 v 

GE~~moR 1---. ...... - ....... ..., 
OR 

EQUIVALENT 
SIU 

-2V 

TEKTRONIX 
581 

OSCILLOSCOPE 
OR 

EQUIVALENT 

lOOll 

1000 pf 

AVERAGE t,. PER STAGE = ~ 

--iSTA'GE's-
OUTPUT 

SWITCHING TIME WAVE FORMS 

l.SV 

f-- I.SY 

I-~ 

~ 1--f-e'--1--+-..+-+--+-< 
l.5V-

re 
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Unit 

Vde 

Vde 

Vde 

uAdc 

mAdc 

ohms 

pl 

mW 

nsec' 

nsec 



-- Motorola Integrated Circuits --

MC205 (continued) 

CIRCUIT SCHEMATIC 

10 o----+•--' 
':"I 

L.INE DRIVER MC205 

Mc206 MC200 DTL SERIES 

Dual (2-2) Input Diode Transistor Logic NAND/NORGate. 
MAXIMUM RATINGS (TJ = 25°C unless otherwise noted) 

Characteristic Symbol Rating Unit 

Applied Voltage V 2,3,4,6 thru 10 +8 Vdc 

V5 -8 

Forward Current 12,10 
+30 mAdc 

12 thru 4, 
-30 

7 thm 10 

Operating Temperature Range TJ -55 to +125 'C 

storage Temperature Range Tstg -65to+175 oc 

CIRCUIT SCHEMATIC 

B 40---1---' 

c 10-----. 

o ecr----' 

2-2 NANO/NOR GATE I 
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-- Motorola Integrated Circuits -

MC206 (continued) 
ELECTRICAL CHARACTERISTICS 

• (V• = 4 ildc, Vs= 2 Vdc, Vo = 0, 
TJ = 25°C unless otherwise noted) 

SJmUI I Min Tni Mu U11t 

Output Breakdown Voltage 
(12 • l µAde, V3 • O) 
(110 = 1 µAde, v7 - O) 

"1" Output Current 
(V3 -1.l Vdc, v2 = 5 Vdc 
(V 3 • 0.7 Vdc, V 2 = 5 Vdc, TJ = +125°C) 
(V3 .1.4.Vdc, v2 = 5 Vdc, TJ • -55°C) 
(V7 = 1.1 Vdc, v10 = 5 Vde) 
(V7 - 0.7 Vde, v 10 - 5 Vdc, !.r - 125:c> 
(V7 = 1.4 Vdo, v 10 - ~ Vdc, T.J = -55 C) 

"011 Output Current 
(V3 = 1.7 Vdc, v2 = 0.6 Vdc) • 
(V 3 = 1.3 Vdc, V 2 = 0.6 Vdc, 'l'.r = 125 0 C) 
(V 3 = 2.0 Vde, V 2 = 0.6 Vdc, TJ = -55 C) 
(V7 - 1.7Vdc,V10 = 0.6 Vdc) 
(V 7 = 1.3 Vdc, v 10 = 0.6 Vdc, !.r - 12s:c> 
(V 7 = 2.0 Vdc, V lO = 0.6 Vdc, TJ = -55 C) 

Input Breakdown Voltage 
(13 = lOµAdc, V4 =0) 
(14 = 10)1Ade, v3 = O) 
(17 - lOµAde, Va= 0) 
(18 ='10 µAde, V 7 • O) 

Input Leakage Current 
(Diode under test at 5 V de, all other inputs = O) 
(Diode under test at 5 Vde, .all other inputs = O, '.:.r_ = 125 °C) 

Input Turn-Off Current 
(Alternately V 3, V 4, V 7, V 8 • O) • 
(Alternately V 3, V 4, V 7, V 8 = O, T J. -55 to +125 C) 

Output Capacitance 
(V 2 = 2.0 Vde, V3 = O, Vin= 25 mVrms, f = 1 me, unused pins grounded) 
(V 10 = 2.0 Vdc, V 7 = O, Vin = 25 mVrms, f = 1 me, unused pms grounded) 

Input Capacitance 
(V 3 = 2 Vdc, V. = 25 mVrms, f = 1 me, unused pins grounded) 
(V 4 = 2 Vdc, V~ ... 25 mVrms, f = 1 me, unused pins grounded) 
(V 7 = 2 Vdc, V~ .., 25 mVrms·, f = 1 me, unused pins grounded) 
(V_lL = 2 Vde, v_;::_ = 25 mVrms, f = 1 me, unused pins grounded) 

Load Resistor Current 
(V Jl_ = 0) 

Power Consumption from Power Supply 
(Output "Off", V 3 = V 7 = 0) 
(Output "On") 

Switching Times 
Turn-On Delay 
Turn-Off Delay 

Average Propagation Delay 

Fan-Out 
(TJ = -55 to +125°C) 

t 

ti~ 

n 

l 

8 
8 

10 
10 
10 
10 
10 
10 

-1.6 

l -
30 

50 
50 
50 
50 
50 
50 

0.250 
25 

-1.8 
-1.9 

10 
10 

10 
10 
10 
10 

-2.4 

17 
12 

*Numerical subscripts refer to pin numbers. Pins not specifically referenced are left electrically operr. 

SWITCHING TIME TEST CIRCUIT 

5100 

---.. 1-<-+4Y .,. 5100 

11-48 

PROPAGATION DELAY 
MEASUREMENT CIRCUIT 

--iStAGEs-

SWITCHING TIME WAVE FORMS 

1 
A l.5V 

r A t-l::i-t-_I.5rV-t--t--1 

~-+-+--+--
r- B l.5V-

II F J_ 

Vdc 

µAde 

mAde 

Vdc 

µAde 

mAde 

pf 

pf 

mAde 

mW 

nsec 

nsec 



- Motorola Integrated Circuits --

Mc207 MC200 DTL SERIES 

Dual (3-2) Input Diode Transistor Logic NAND/NOR Gate. 

MAXIMUM RATINGS (TJ = 25°C unless otherwise noted) 

Characteristic Symbol Rating 

Applied Voltage 

v2,3,4,6 thru 10 +8 

V5 -8 

Forward Current 
Iz, 10 + 30 

12 thru 4, -30 

7 thru 10 

Operating Temperature Range TJ -55 to+l25 

Storage Temperature Range Tstg -65 to +175 

CIRCUIT SCHEMATIC 

A 3n...-..lollL-

B 4 O--.i.J.-......1 

c ,..,_ __ .__ 

D an...--1---.J 
F =AB 

E 90--.a.l-.....J 3 - 2 NANO/NOR GATE 

SWITCHING TIME TEST CIRCUIT 
PROPAGATION DELAY 

MEASUREMENT CIRCUIT 

Unit 

Vdc 

mAdc 

QC 

QC 

2 F 

'::" 1 

10 G 

-==-_JA 
~ UN7r ~N~E;TEsr-1 

SWITCHING TIME WAVE FORMS 

-2V 

,, 
I 

'• .____.,-"-_ +4V 

'io SI On 
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--Motorola Integrated Circuits --

MC207 (continued) 

ELECTRICAL CHARACTERISTICS ·~ 

(Vo - 4 Vdc V·, - -2 Vdc, v, = O; T 1 = 25"C unle<s otherwise noted\ - . -
Cllaracteristic Symbol Mil '"' Mu Unit 

Output Breakdown Voltage Vdc 
(12 = 1 µAde, V3 = 0) BV2 s - -
(110 = 1 µAde, V7 = O) BV10 s - -

''l '' Output Current µAde 
(V3 = 1.1 Vdc, Vz = 5 Vdc '2 - - 50 
(V3 = 0.7 Vdc, V2 = 5 Vdc, TJ = 125°c) 

~ - - 50 
(V 3 = 1.4 Vdc, V2 = 5 Vdc, T J = -55°C) - - 50 
(V7 = 1.1 Vdc, V10 = 5 Vdc) 110 - - 50 
(V7 = 0. 7 Vdc, V10 = 5 Vdc, TJ = 125oC) 110 - - 50 
(V7 = 1.4 Vdc, V10 = 5 Vdc, TJ = -55°c) 110 - - 50 

110 11 Output Current µAde 
(V3 = 1. 7 Vdc, V2 = 0.6 Vdc) '2 10 - -
(V3 = 1.3 Vdc, V2 = 0.6 Vdc, TJ = 125°C) '2 10 - -
(V3 = 2.0 Vdc, V2 = 0.6 Vdc, TJ = -55°C) '2 10 - -
(V7 = 1. 7 Vdc, V 10 = 0.6 Vdc) 110 10 - -
(V7 = 1.3 Vdc, V10 = 0.6 Vdc, TJ = 125°C) 110 10 - -
(V7 = 2.0 Vdc, V10 = 0.6 Vdc, TJ = -55°C) 110 10 - -

Input Breakdown Voltage Vdc 
f:3 = 10 µAde, V4 = 0) BV3 s - -
(14 = 10 µAde, V3 = 0) BV4 s - -
(17 = 10 µAde, Vs = O) BV7 s - -
(18 = 10 µAde, v 7 = O) llVs s - -
(lg = 10 µAde, V7 = O) BVg s - -

Input Leakage Current 13,14,17,Is.lg µAde 
(Diode under test at 5 Vdc, all other inputs = 0) - - 0.250 
(Diode under test at 5 Vdc, all other Inputs = O, T J = 125°C) - - 2~ 

Input. Turn-Off Current l3,l4,l7,ls,ig mAde 
(Alternately V3, v 4, V7, Vs, V9 = O) - - -1.8 
(Alternately V3, V4. V7, Vs, V9 = 0, TJ = -55 to+l25°C) - - -1.9 

Output Capacitance pf 
(V2 = 2.0 Vde, V3 = O, V10 = 25 mVrms, f = 1 me, unused pins grounded) C2 - - 10 
(V10 = 2.0 Vdc, V7 = 0, Vin= 25 mVrms, f = 1 me, unused pins grounded) C10 - - 10 

Input Capacitance pf 
(V3 = 2 Vde, V1n = 25 mVrms, f = 1 me, unused pins grounded) C3 - - 10 
(V4 = 2 Vdc, V1n = 25 mVrms, f = 1 me, unused pins grounded) C4 - - 10 
(V7 = 2 Vdc, V1n = 25 mVrms, f = 1 me, unused pins grounded) C7 - - 10 
(Vs = 2 Vdc, Vin = 25 mVrms, f = 1 me, unused pins grounded) Cs - - 10 
(V9 = 2 Vdc, V1n = 25 mVrms, f = 1 me, unused pins grounded) Cg - - 10 

Power Consumption from Power SUpply - mW 
(Output "Off'', V3 = V7 = O) - -· 17 
(Output "On") - - 12 

Switching Times (Figure 2) nsee 
Turn-On Delay ton - - 60 
Turn-Off Delay loff - - 50 

Av~rage Propagation Delay (Figure ~} 1pd - 30 - nsec 

Fan-Out n -
(T J = -55 to +125°C) - - 5 

•.Numerical subscripts refer to pin numbers. Pins not specifically referenced are left electrically open. 

I 
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-- Motorola Integrated Circuits --

Mc208 MC200 DTL SERIES 

Dual (3-2) Input Diode Transistor Logic NAND/NOR Gate. 

MAXIMUM RATINGS (TJ = 25°C unless otherwise noted) 

Characteristic Symbol Rating Unit 

Applied Voltage Vdc 

v2,3,4,6 thru 10 +8 

V5 -8 

Forward Current mAdc 
12, 10 +30 

12 thru 4, -30 

7 thru 10 

Operating Temperatur·e Range TJ -55 to +125 OC 

Storage Temperature Range Tstg -65 to + 175 QC 

CIRCUIT SCHEMATIC 

A 30---<19--, 

B 40--li.-...I 

c 10--li..-., 

D 80--1---i 

F = Aii G=CDE 10 

E 90---1---' 3 - 2 NANO/NOR GATE 
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--- Motorola Integrated Circuits --

MC208 (continued) 
ELECTRICAL CHARACTERISTICS 

,:, (V• = 4 Vdc, Vs= 2 Vdc, V1 = 0, 
TJ = 25°C unless otherwise noted) 

---

Characteristic Symbol Min 

Output Breakdown Voltage 
(12 = 1 µAde, V3 = O) BV2 a 
(110 = 1 µAde, V7 = 0) BV10 a 

Output Saturation Voltage 
(12 = 8 mAdc, V3 = V4 = 2 Vdc, TJ = -55 to +!25°C) V2 -
(110 = 8 mAdc, V7 = Vs= Vg = 2 Vdc, TJ = -55 to+125°C) V10 -

Output ''Off'' Voltage 
(12 = 100 µAde, v 3 = 0.7 Vdc, TJ = -55 to +125°c) V2 3.5 
(110 = 100 µAde, V7 = 0.7 Vdc, TJ = -55 to +125°C) V10 3.5 

Input Breakdown Voltage 
(13 = 10 µAde, V4 = O) BV3 8 
(14 = 10 µAde, V3 = 0) BV4 8 
(17 = 10 µAde, v 8 = OJ BV7 8 
(18 = 10' µAde, V7 = 0) BVs a 
(19 = 10 µAde, V7 = 0) BV9 a 

Input Leakage Current l3,l4,l7,la,l9 
(Diode under test at 5 Vdc, all other inputs = O) -
(Diode Wlder test at 5 V de, all other inputs = 0, TJ = 125°c) -

Input Turn-Off Current 13,!4 ,17 •18 ,!9 
(Alternately V3, V4, V7, Va. Vg = 0) -
(Alternately V3, V4, V7, Va, Vg = o, TJ = -55 to +125°c) -

Output Capacitance 
(V2 = 2.0 Vdc, V3 = 0, V1n = 25 mVrms, f = 1 me, unused pins grounded) Cz -
(V10 = 2.0 Vdc, V7 = 0, V1n = 25 mVrms, f = 1 me, unused pins grounded) C10 -

Input Capacitance 
(V3 = 2 Vdc, V1n = 25 mVrms, f = 1 me, wiused pins grounded} C3 -
(V4 = 2 Vdc, v10 = 25 mVrms, f = 1 me, Wlused pins grounded) C4 -
(V7 = 2 Vdc, Vin= 25 mVrms, f = 1 me, unused pins grounded} C7 -
(Va = 2 Vdc, V;n = 25 mVrms, f = 1 me, unused pins growtded} Ca -
(Vg = 2 Vdc, Vin= 25 mVrms, f = 1 me, unused pins grounded) Cg -

Power Consumption from Power Supply -
(Output "Off", V3 = V7 = 0) -

,(Output "On") -
Switching Times 

Turn-On Delay ton -
Turn-Off Delay toff -

Average Propagation Delay 1>d -

Fan-Out n 
(T J = -55 to_+ 125°C) -

Typ 

--
-
-

--
-
-
-
--

--

--
--
-
--
-
-

-
-

-
-

30 

-
*N"u~nerical subscripts refer to pin numbers. Pins not specifically referenced are left electricallv open. 

SWITCHING TIME TEST CIRCUIT PROPAGATION DELAY 
MEASUREMENT CIRCUIT 

AVERAGE tpd PER STAGE -~ 

--iSrAcEs-

Max 

--
0.6 
0.6 

--
-
-
---

0.250 
25 

-1.a 
-1.9 

10 
10 

10 
10 
10 
10 
10 

17 
30 

60 
50 

-

4 

OUTPUT 

~ ~N~T UNDERrEsr-1 SWITCHING TIME WAVE FORMS 

-2V 

Siu 

'2 

1 ., 680U 
It---!-, -40- +4V 

'10 68011 

11-52 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

µAde 

mAdc 

pf 

pf 

mW 

nsec 

nsec 

-



-- Motorola Integrated Circuits --

Mc209 MC200 DTL SERIES 

Diode Transistor Logic Flip- Flop. 

MAXIMUM RATINGS (TJ = 25°C unless otherwise noted) 

Characteristic Symbol Rating 

Applied Voltage 

v 2, 3, 4, 6, 7. 8, 9, 10 +8 

V5 -8 

Forward Current 
13, 8 +50 
12• 3• 4• 7 thru 10 -30 

Operating Temperature Range TJ -55 to +125 

Storage Temperature Range Tstg -65 to +175 

SWITCHING TIME TEST CIRCUITS AND WAVE FORMS 

CLOCKED SET·RESET MODE 

PULSE 
GENERATOR 
DATA PULSE 

106 OR 
EQUIVALENT ""---.__ ____ -! 

PULSE 
GENERATOR 
DATA PULSE ..... 
EQUIVALENT .._. ___ _. 

MC209 
UNDER 
TEST 

INPUT VOLTAGE TO 
OSCILLOSCOPE 
TEKTRONIX 581 

220 U OR EQUIVALENT 

+4V 
2200 

11-53 

20 nsec 

·~ 

DIRECT SET/RESET INPUT 

1.SY 

2onuc 

Unit 

Vdc 

mAdc 

oc 

OC 



-- Motorola Integrated Circuits --

MC209 (continued) 

ELECTRICAL CHARACTERISTICS 
• (V• = 4 Vdc, Vs= 2 Vdc, V1 = 0, TJ = 25°C unless otherwise noted) 

Characteristic Lagle Logic Symbol Min Typ Mu Unit srmbo1 State 
OUTPUT LEVEL 

"Off" Voltage 
(Ia = -200 µAde, V4 = 0.6 Vdc, V7 = 2.0 Vdc) Q 1 Va 2.5 - - Vdc 
(!3 = -200 µAde, V4 = 2.0 Vdc, V 7 = 0.6 Vdc) Q 1 V3 f.5 - - Vdc 

"On" Voltage 
(Ia = 16 mAdc, V 4 = 2.0 Vdc, v7 = 0.6 Vdc) Q 0 V9 - - 0.6 Vdc 
(13 = 16 mAdc, V 4 = 0.6 Vdc, v7 = 2.0 Vdc) Q 0 V3 - - 0.6 Vdc 

DffiECT SET-RESET INPUTS 
"Up" Voltage Sn 1 V4 2.0 - - Vdc 

Rn 1 V7 2.0 - - Vdc 
"Down" Voltage Sn 0 V4 - - 0.6 Vdc 

Rn 0 V7 - - 0.6 Vdc 
"Up" Current 

(V4 = 5 Vdc, TJ = 125°C) .Sn 1 14 - - 25 µAde 
(V7 = 5 Vdc, TJ = 125°c) RD 1 17 - - 25 µAde 

''Down'' Currtant 
(V4 = 0) Sn 0 14 - - -1.8 mAdc 
(V7 = O) Rn 0 I7 - - -1.8 mAdc 

CLOCKED SET-RESET INPUTS 
''Down'' Current 

(Vg, 10 = 0, TJ = 25°C) SC 0 lg - - -1.4 mAdc 

(V2, 10 = 0, Tin= 25°C) Re 0 I - - -1.4 mAdc 
Effective Clock put Capacitance ~10 - 75 - pf 

SWITCHING TIME 
Clocked Set-Reset Mode 

Turn-On Delay ton - - 100 nsec 
Turn-Off Delay toff - - 75 nsec 

Direct Set-Reset Mode 
Turn-On Delay ton - - 100 nsec 
Turn-Off Delay toff - - 75 nsec 

FAN-OUT n - - a -
POWER CONSUMPTION - 16 - mW 

• Numerical subscripts refer to pin numbers. Pins not specifically referenced are left electrically open. 

CIRCUIT AND LOGIC DIAGRAMS 

BINARY ELEMENT MC209 

11-54 

~oQ 
Re 
Ro Q 

c 
CLOCKED SET·RES£T DIRECT SET-RESET 

Sc Re Q So Ro Q 

0 0 ! 0 0 

0 1 1 0 1 1 

1 .. 0 1 0 0 

1 1 •• 1 1 .. 
Change Ch""' 

POSITIVE LOGIC DEFINITION: HIGH VOLTAGE;:; J 
LOW VOLTAGE= 0 

•eoTH Q and ti IN 1 STATE UNTIL EITHER So OR Ro RISES 



--- Motorola Integrated Circuits --

Mc212 MC200 DTL SERIES 

• Dual (3-3) Input Diode Transistor Logic NAND/NOR Gate. 
MAXIMUM RATINGS <T, = 2s 0 c unless otherwise noted) 

Characteristic 

Applied Voltage 

Forward Current 

Operating Temperature Range 

Storage Temperature Range 

SWITCHING TIME TEST CIRCUIT 

51!! 

·~-----.. 
~ ~NIT UN~E;1Esr-1 

31 1 2 
..-----<---t 1 

I 
71 

., 

' 
~ ----- -±~ 

-: I 

51011 

SlOu 

Symbol 

v2thru10 

12, 10 

12 thru 5, 
7 thru 10 

TJ 

Tstg 

Rating 

+8 

+30 

-30 

-55 to +125 

-65 to +175 

PROPAGATION DELAY 
MEASUREMENT CIRCUIT 

Unit 

Vdc 

mAdc 

oC 

Oc 

AVERAGE tpd PER ~T~G~ ~- ~F~~-aSr~Es I ~UTPUT 
7 STAGES 

SWITCHING TIME WAVE FORMS 

A 1.SV 

~··"!-

J l l'-i 

CIRCUIT SCHEMATIC 

A 30--•t-...... 

2 G 
B 4 0--•t--t 

c 5 0---11e--' 
'='I 

D 7 0-----1---. 
10 H 

'::"I 

E B 0---1----i 
H=DEF 

'='! 

F 9 0---11e--' 
3 - 3 NANO/NOR GATE 

11-55 
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-- Motorola Integrated Circuits --

MC212 (continued) 

ELECTRICAL CHARACTERISTICS ··· (Vo= 4 Vdc, V1 = 0, TJ = 25'C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

putput Breakdown Voltage Vdc 
(12 = 1 µAde, V3 = 0) BV2 e - -
(110 = 1 µAde, V7 = O) BV10 e - -

"l" Output Current µAde 
(V3 = 1.1 Vdc, v2 = 5 Vdc 12 - - 50 
(V3 = 0.7 Vdc, V2 = 5 Vde, TJ = 125°c) lz - - 50 
(V3 = 1.4 Vdc, V2 = 5 Vde, TJ = -55°C) 12 - - 50 
(V7 = 1.1 Vde, V10 = 5 Vdc) 110 - - 50 
(V7 = 0. 7 Vde, V10 = 5 Vde, TJ = 125°C) 110 - - 50 
(V7 = 1.4 Vde, V10 = 5 Vde, TJ = -55°C) 110 - - 50 

"0" Output Current mAdc 
(Va= 1. 7 Vde, V2 = 0.6 Vdc) 

~ 
10 - -

(V3 = 1.3 Vde, V2 = 0.6 Vde, TJ = 125°C) 10 - -
(V3 = 2.0 Vde, V2 = 0.6 Vde, TJ = -55°C) 10 - -
(V7 = 1. 7 Vde, V 10 = 0.6 Vdc) 110 10 - -
(V7 = 1.3 Vde, V10 = 0.6 Vdc, TJ= 125°C) 110 10 - -
(V7 = 2.0 Vde, V10 = 0.6 Vdc, TJ = -55°C) 110 10 - -

!Input Breakdown Voltage Vdc 
(13 = 10 µAde, V4 = O) BV3 e - -
(14 = 10 µAde, V3 = O) BV4 8 - -
(15 = 10 µAde, V3 = 0) BV5 8 - -
(17 = 10 µAde, Ve = O) BV7 8 - -
(19 = 10 µAde, V7 = 0) BV9 8 - -
(19 = 10 µAde, V7 = 0) BV9 8 - -

'1nput Leakage Current l3,l4,l5,l7,l9,l9 µAde 
(Diode under test at 5 V de, all other inputs = 0) - - 0.250 
(Diode under test at 5 V de, all other Inputs = 0, TJ = 125°C) - - 25 

f---
jinput Turn-Off Current 13,14, l5,l7,l9,lg mAdc 

(Alternately v3, v4, v5, V7, Ve, v9 = 0) - - -1.e 
(Alternately v3, V 4, v5, v7, Ve, v9 = O, T J = -55 to +125°C) - - -1.9 

putput Capacitance pf 
(Vz = 2.0 Vdc, V3 = 0, Vin= 25 mVrms, I = 1 me, wiused pins growided) C2 - - 10 
(v10 = 2.0 Vde, V7 = 0, Vin= 25 mVrms, f = 1 me, unused pins grounded) C10 - - 10 

jln£~t Capacitance pf 
(V3 = 2 Vde, V;n = 25 mVrms, f = 1 me, wiused pins growided) C3 - - 10 
(V4 = 2 Vde, Vin= 25 mVrms, f = 1 me, wiused pins grounded) C4 - - 10 
(V5 = 2 Vde, Vin= 25 mVrms, f = 1 me, wiused pins grounded) C5 - - 10 
(V7 = 2 Vde, Vin = 25 mVrms, f = 1 me, unused pins grounded) C7 - - 10 
(Ve = 2 Vdc, Vin= 25 mVrms, f = 1,mc, wtused pins grounded) Ce - - 10 
(V9 = 2 Vde, Vin= 25 mVrms, f = 1 me, unused pins grounded) Cg - - 10 

jPower Cons~ption from Power Supply - mW 
(Output "Off", V 3 = V 7 = 0) - - 15 
(output "On") - - 12 

Switching Times (Figure 2) nsec 
Turn-On Delay Ion - - 60 
Turn-Off Delay toff - - 50 

Average Propagation Delay (Figure 3) ~d - 30 - nsec 

Fan-out n -
(TJ = -55 to +125°C) - - 5 

*Numerical subscripts refer to pm numbers. Pins not specifically ref P"enced are left electrically open. 

I 
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--- Motorola Integrated Circuits --

Mc213 MC200 DTL SERIES 

Dual (3-3) Input Diode Transistor Logic NAND/NOR Gate. 

MAXIMUM RATINGS (TJ = 2s•c unless otherwise noted) 

Characteristic Symbol Rating Unit 

Applied Voltage Vdc 

V2 thru 10 +8 

Forward Current mAdc 
12, 10 +30 

12 thru 5, -30 

7 thru 10 

Operating Temperature Range TJ -55 to +125 oc 

Storage Temperature Range Tstg -65 to +175 QC 

CIRCUIT SCHEMATIC 

A 3 0---1---, 

B 4 0-__, __ -i 

c su-__, __ _ 

D 7 ()---1---

E 8 n---<--... 10 

G:::: ABC H =COE 
F 9 O--i.-....1 

3 - 3 NANO/NOR GATE 
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--- Motorola Integrated Circuits ---

MC213 (continued) 

ELECTRICAL CHARACTERISTICS (V• = 4 Vdc V1 = o TJ = 25°C unless otherwise note,s:I) 

Output Breakdown Voltage 
(Iz = 1 µAde, V3 = 0) 
(110 = 1 µAde, v 7 = 0) 

Output Saturation Voltage 

Characteristic 

(Iz = 8 mAde, v3 = v4 = v5 = 2 Vde, TJ = -55 to +125oC) 
(110 = 8 mAde, V7 =Va = Vg = 2 Vde, TJ = -55 to+l25°c) 

Output "Off" Voltage 
(12 = 100 µAde, v3 = 0.7 Vde, TJ = -55 to +t25°c) 
(110 = 100 µAde, V7 = 0.7Vde,TJ = -55to+l25°C) 

Input Breakdown Voltage 
(13 = 10 µAde, V4 = 0) 
(!4 = 10 µAde, V3 = 0) 
(!5 ·= 10 µAde, V3 = 0) 
(17 = 10 µAde, Va = O) 
(Ia = 10 µAde, V7 = 0) 
(lg = 10 µAde, V7 = 0) 

Input Leakage Current 
(Diode under test at 5 Vdc 1 all other inputs = 0) 
(Diode under test at 5 Vde, all other inputs = o, TJ = 125°C) 

Input Turn-Off Curr~nt 
(Alternately V3, v4, V5, V7' Ya, Yg = 0) 0 
(Alternately v3, v4, v5, V7 , Ya, Yg = 0, TJ = -55 to +125 C) 

Output Capacitance 
(V2 = 2.0 Vdc, V3 = 0, Vin = 25 mVrms, f = 1 me, Wlused pins grounded) 
(V1o = 2.0 Vdc, V7 = 0, Vin = 25 mVrms, f = 1 me, unused pins grounded) 

Input Capacitance 
(V3 = 2 Vdc, Vin = 25 mVrms, f = 1 me, unused pins grounded) 
(V4 = 2 Vdc, Vin = 25 mVrms, f = 1 me, unused pins grounded) 
(V5 = 2 Vdc, Vin = 25 mVrms, f = 1 me, unused pins grounded) 
(V7 = 2 Vdc, \'.'in = 25 mVrms, f = 1 me, unused pins grounded) 
(Va= 2 Vdc, Vin = 25 mVrms, f = 1 me, unused pins grounded) 
(Vg = 2 Vdc, Vin = 25 mVrms, f = 1 me, unused pins grounded) 

Power Consumption from Power Supply 
(Output "Off", V3 = V7 = O) 
(Output "On") 

Switching Times (Figure 2) 
Turn-On Delay 
Turn-Off Delay 

Symbol Min 

3.5 
3.5 

a 
a 
a 
a 
a 
a 

Typ Max 

0.6 
0.6 

0.250 
25 

-1.a 
-1.9 

10 
10 

10 
10 
10 
10 
10 
10 

15 
30 

60 
50 

Unit 

Vde 

Vde 

Vde 

Vde 

µAde 

mAdc 

pf 

pf 

mW 

nsec 

Average Propagation Delay (Figure 3) 1id 30 - nsec 

Fan-Out 
(T J = -55 to+ 125°C) 4 

*Numerical subscripts refer to pin numbers. Pins not specifically referenced are left electrically open. 

I I PROPAGATION DELAY 
SWITCHING TIME TEST CIRCUIT MEASUREMENT CIRCUIT 

--iSrAGEs-

~ ~N~T UNOERrEsr-1 SWITCHING TIME WAVE FORMS 

SIU 

~--'~'........ :, 

I 

7 I 

I 
16 6800 ..__ ... , "--<.._ +4 v 

110 6800 

I ' '- ------±~ 
-:: l 
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-- Motorola Integrated Circuits --

Mc215 MC200 DTL SERIES 

Dual (3-3) Input Diode Transistor Logic AND Gate. 

MAXIMUM RATINGS (TA= 25"C) 

Characteristics Symbol Rating Unit 

Applied Voltage Vdc 

V 2, 3, 7 thru 10 +8 

v6 ±8 

Forward Current 12 thru 10 
:30 mAdc 

Operating Temperature Range TJ -55 to +125 oc 

Storage Temperature Range Tstg -65 to +175 oc 

CIRCUIT SCHEMATIC 

6 

. 7 8 9 10 2 3 I DUAL "AND" GATE 
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-- Motorola Integrated Circuits --

MC215 (continued) 

ELECTRICAL CHARACTERISTICS (TJ == 25'C unless otherwise noted) 

Characteristics Symbol Min Typ Max Unit 

Diode Breakdown Voltage Vdc 
(12 3 lO = 10 µAde, V 4 • V l = O) v 8 - -' ' 2, 3, 10 

(17 8 9 • 10 µAde, V 5 = V l = 0) v7, 8, 9 8 - -' , 
Diode Forward Voltage Vdc 

(14 - 2 mAdc, v 2 3 10av1 = 0) V4 - - 0,85 
' ' 

(15 • 2 mAdc, V 7 8 9 .. V l • O) V5 - - 0.85 , ' 
Diode Reverse Leakage Current µAde 

(V 2 3 lO • 5 Vdc, V 4 = V l = 0) 12, 3, 10 - - 0,25 , , 
(V2 3 lo·5Vdc, V4=V1 =0, TJ=l250C) 25 , ' 
(V 7 8 9 • 5 Vdc, V 5 = V l - 0) 17' 8, 9 - - 0.25 

' ' 
(V7 8 9-5Vdc, V5=V1 -o, TJ-1250c) 25 , ' 

Input Capacitance pf 
(V 2 3 10 = 2 Vdc, V 4 =V1 • O, f • 1 me, c - - 10 , ' 2, 3, 10 

Vin= 25 mVrms, unused inputs grounded) 

(V 7 8 9 = 2 Vdc, V 5 - v 1 • o, f. 1 me, c7, 8, 9 - - 10 , ' 
Vin= 25 mVrms, unused inputs grounded) 

Reverse Recovery Time nsec 
(IF2 3 10=1ru 3 10 • 2 mAdc, V 4•V1 = O, trr2, 3, 10 - - 4 

' ' ' ' 
recover to 0,2 mAdc) 

(IF7 8 9 = 1H7 8 9 - 2 mAdc, v 5 • v 1 • o, trr7, 8, 9 - - 4 
' ' , ' 

recover to 0.2 mAdc) 

Resistor Isolation Leakage nAdc 
(V 6 = 5 Vdc, V 4 = V 5 = 0) 11 - - 600 

Resistor Current mAdc 
(V 6 = 4 Vdc, V 4 • V l • O) 14 1.6 - 2.4 

(V 6 = 4 Vdc, V 5 • V l • 0) 15 1.6 - 2.4 

Resistor Temperature Coefficient - - 0.1 - IJ:t/OC 

Diode Forward Conductance Change with t::.V F2, 3, 10 - -1.7 - mVl°C 
Temperature 

t:.VF7, 8, 9 - -1.7 -
*Numerical subscripts refer to pin numbers. Pins not specifically referenced are left 

electrically open. 
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--Motorola Integrated Circuits --

Mc217 MC200 DTL SERIES 

• . 

Diode Transistor Logic Dual-Diode Array. 

MAXIMUM RATINGS (TA=25') 

Characteristics Symbol Rating Unit 

Applied Voltage Vdc 

V 2, 3, 7 thru 10 8 

----
Forward Current 12 thru 5, 7 thru 10 

30 mAdc 

----
Operating Temperature Range TJ -55 to +125 oc 

---
Storage Temperature Range Tstg -65 to +175 oc 

I CIRCUIT SCHEMATIC I 

7 8 9 2 3 10 

DUAL DIODE ARRAY I 
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--Motorola Integrated Circuits --

MC217 (continued) 

ELECTRICAL CHARACTERISTICS (TJ = 25'C unless otherwise noted) 

Characteristics Symbol Min Typ Max Unit 

Diode Breakdown Voltage Vdc 
(12 3 10 = 10 µAde, V 4 = V l = O) v2, 3, 10 8 - -, , 
(17 8 9 • 10 µAde, V 5 = V l = 0) v7, 8, 9 8 - -, , 

Diode Forward Voltage Vdc 
(14 = 2 mAdc, v 2 3 10 = V 1 = 0) V4 - - 0.85 , , 
(15 - 2 mAdc, v 7 8 9 = V 1 = O) V5 - - 0.85 

' , 
Diode Reverse Leakage Current µAde 

(V 2 3 lO = 5 Vdc, V 4 = V l = O) 12, 3, 10 - - 0.25 , , 
(V 2 3 10 - 5 Vdc, v 4 =v1 = o, T J = 125oc) 25 , , 
(V 7 8 9 • 5 Vdc, V 5 = V l = 0) 17, 8, 9 - - 0.25 

' ' 
(V 7 8 9 = 5 Vdc, v 5 = v 1 = o, T J = 125oc) 25 

' ' 
Input Capacitance pf 

(V 2, 3, 10 • 2 Vdc, v 4 = V 1 = O, f = 1 me, c 2, 3, 10 - - 10 

Vin - 25 mVrms, unused inputs grounded) 

(V 7 8 9 = 2 Vdc, V 5 • V 1 = O, f = 1 me, c7, 8, 9 - - 10 
' ' 

Vin = 25 mVrms, unused inputs grounded) 

Reverse Recovery Time nsec 
(1F2, 3, 10 = ~. 3, 10 = 2 mAdc, V 4=V1 = O, trr2, 3, 10 - - 4 

recover to 0.2 mAdc) 

(IF7 8 9 - ~7 8 9 = 2 mAdc, v 5 • V 1 = o, trr7, 8, 9 - - 4 
' ' ' ' 

recover to 0.2 mAdc) 

Diode Forward Conductance Change with t.VF2, 3, 10 - -1. 7 - mv/0 c 
Temperature 

t.VF7, 8, 9 - -1. 7 -
*Numerical subscripts refer to pin numbers. Pins not specifically referenced are left 
electrically open. 
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--- Motorola Integrated Circuits --

Mc250 DTL series 

~ 
~ 

SUFFIX "F" DEVICES 

CASE 72 
SUFFIX "G" DEVICES 
CASE 71 

(T0-5) 

Commercial monolithic integrated Diode Transistor 
Logic circuits for low-power, high-speed applications. 
The MC250 series operates over a temperature range 
of 0 to +75°c and provides guaranteed performance at 
25°c. 

SERIES MC250 DTL CIRCUITS 

Typical Maximum 
Power Dissipation 

Type Description 
Propagation Maximum 

Delay Output Off I Output On Fan Out 
(nsec) (mW) (mW) (Oto +15°C) 

MC251 4-Input NAND/NOR Gate 30 10 7 5 

MC252 3-Input NAND/NOR Gate 30 10 7 5 

MC253 6-Input Diode AND Gate - - - -
MC254 3-Input Power NAND/NOR Gate 40 23 66 20 

MC255 Line Driver 50 30 65 20(MC251) 
15(MC259) 

MC256 Dual (2-2) Input NAND/NOR Gate 30 20 12 5 

MC257 Dual (3-2) Input NAND/NOR Gate 30 20 12 5 

MC258 Dual (3-2)Input NAND/NOR Gate 30 20 34 4 

MC259 Flip-Flop - 16 16 8 

MC260 Flip-Flop - 16 16 8 

MC262 Dual (3-3) Input NAND/NOR Gate 30 19 12 5 

MC263 Dual (3-3) Input NAND/NOR Gate 30 19 33 4 

MC265 Dual (3-3) Input AND Gate - - - -
MC267 Dual-Diode Array - - - -
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- Motorola Integrated Circuits --

Mc251 
Mc252 

MC250 DTL SERIES 

4-Input and 3-Input Diode Transistor Logic NAND/ 
NOR Gates. 

MAXIMUM RATINGS (TA= 25'C unless otherwise noted) 

Characteristic Symbol Rating Unit 

Applied Voltage Volts 

v4,6thru10 +8 

v5 -8 

v3 +6 

Forward Current 12 thru 10 30 mA 

Operating Temperature Range TJ 0 to +75 oc 

-Storage Temperature Range Tstg -65 to +175 oc 

CIRCUIT AND LOGIC DIAGRAMS 

4·1NPUT NAND/NDR GATE MC251 

NAND NOR 
("UP" LEVEL= "1") ("DOWN" LEVEL="!") 

3 E 

E=~ 

3·1NPUT NAND/NOR GATE MC252 

n----..... ----~"J'>J\.,-----o 4 
NAND NOR 

("UP" LEVEL - "!") ("DOWN" LEVEL - "1") 

3 E 

BBO----• 

C90---f---' - l 
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- Motorola Integrated Circuits --

MC251, MC252 (continued) CV•= 4 Vdc, Vs= 2 Vdc, V1 = o, 
ELECTRICAL CHARACTERISTICS TJ = 2s•c unless otherwise noted) 

Characteristic Symbol· Minimum Typical Maximum Unit 

Output Breakdown Voltage Vdc 
(!3 = 5µAdc, V 5, 6,t 0) BV3 6 - -

"I" Output Current µAde 
(Vin = I. OVdc, v3 = 5Vdc) 13 - - 50 

(Vin = 0. 75Vdc, V 3 = 5Vdc, 13 - - 50 

T J = 75"C) 

(Vin = 1. lVdc, V3 = 5Vdc, 13 - - 50 

TJ = o•ci 

"0" Output Current mAdc 
(V7 = 2. OVdc, v3 = 0. 55Vdc, 13 10 - -
TJ = 0 to 75°C) 

Input Breakdown Voltage• Vdc 
(Diode. under test at 5Vdc, BV7, a, 9, 10 a - -
All other diodes = 0) 

Input Leakage Current• 17, a, 9, 10 µAde 

(Diode under test at 5Vdc, all - - o. 50 
other inputs = 0) 

(Diode under test at 5Vdc, all - - 25 
other inputs= O, TJ = 75'C) 

Input Turn-Off Current• 17, 8, 9, iO mActc 

(Alternately V 7, Va• V 9, V 10 = 0) - - -2. 3 

(Alternately V 7, Va• V 9, V 10 = 0, - - -2. 5 

TJ = 0 to 75'C) 

Output Capacitance pf 
(V 3 = 2. OVdc, V 7 = O, Vin = 25mVrms, C3 - - 15 

f = !me, unused pins grounded) 

Input Capacitance• pf 
(V7 = 2Vdc, Vin = 2-0mVrms, C7 - - 10 

f = !me, unused pins grounded) 
Va = 2Vdc, Vin = 25mVrms, Ca - - 10 

f = !me, unused pins grounded) 
(V 9 = 2Vdc, Vin = 25mVrms, C9 - - 10 

f = !me, unused pins grounded) 
(V 10 = 2Vdc_, Vin = 25mVrms, cto - - 10 

f = lmc, unused pins grounded) 

Load Resistor Current 14 mAdc 
(V4 = O) -1. 3 - -2. a5 

Power Consumption from Power Supply mW 
(Output "Off", V 7 = 0) - - 10 

(Output ''On") - - 7 

Switching Times nsec 
Turn-On Delay ton - - 60 

TUrn-Off Delay toff - - 60 

Average Propagation Delay tpd - 30 - nsec 

• Input Diode at pin 10 available on MC251 only 
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-- Motorola Integrated Circuits --

Mc253 MC250 DTL SERIES 

6-Input Diode Transistor Logic AND Gate. 

MAXIMUM RATINGS (TA= 25°C) 

Characteristic symbol Rating Unit 

Applied Voltage V3 thru 8 +8 Vdc 

v 2, 9 ±8 

Forward Current 12 thru 10 30 mAdc 

Operating Temperature Range TJ Oto 75 "C 

Storage Temperature Range Tstg -65 to +175 oc 

ELECTRICAL CHARACTERISTICS m = 25°C unless otherwise noted) 

Characteristic Symbol Minimum Typical Maximum Unit 

Diode Breakdown Voltage v3 thru8 Vdc 

(13 thru 8 = lO µAde, V10=V1=0) 8 - -

Diode Forward Voltage VlO Vdc 

(1 10 = 2mAdc, V 3 thru 8 = 0) - - 0. 85 

Diode. Reverse Leakage Current 13 thru 8 µAde 

(V3 thru 8 = 5Vdc, V 1o=V 1 =0) - - 0. 50 

(V3 thru 8 = 5Vdc, v1o=V1=0,TJ=75°C - - 25 

Input Capacitance C3 thru 8 pf 

(V 3 thru 8= 2Vdc, V 10=v 1 =O, f=lmc, - - 10 

Vin =25mVrrns, unused inputs 

grounded) 

Reverse Recovery Time t rr 3 thru 8 nsec 

(IF 3 thru 8 = 1R 3 thru 8=2mAdc, - - 4 

V 10 = V 1 = 0, recover to 0. 2mAdc} 

Resistor Current lg mAdc 

/ 

(Vg = 4Vdc, v 2 = 0) 1. 3 - 2. 85 

I 
Resistor Temperature Coefficient - o. 1 - %/"C . 
Diode Forward Conductance Change with 

Temperature tN F 3 thru 8 - -1. 7 - mV/°C 
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MC253 (continued) 

1 
4 

Mc254 

-- Motorola Integrated Circuits --

MC253 &-DIODE "AND" GATE 

MC250 DTL SERIES 

3 
4 
6 5 

7 
a 

• 
3-Input Diode Transistor Logic NAND/NOR Power 

Gate. 

MAXIMUM RATINGS (TA= 25'C) 

Characteristic Symbol Rating Unit 

Applied Voltage v 7, 8, 9 +8 Vdc 

v5 -6 

v3,6 +6 

Forward Current 15 thru 10 30 mAdc 

Load Current 13 75 mAdc 

Operating Temperature Range TJ Oto 75 oc 

Storage Temperature Range Tstg -65 to +175 oc 

MC254 POWER GATE 

B8 

3D 

10 
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- Motorola Integrated Circuits -

MC254 (continued) (V• = 4 Vdc. Vs= 2 Vdc, y, ::::: o, 
ELECTRICAL CHARACTERISTICS TJ = 25°C unless otherwi:;e noted) 

Characteristic Symbol Minimum Typical Maximum Unit 

Output Breakdown Voltage BV3 Vdc 

(18 = 5µAdc, V 7 = 0 6 - -
11 1" Output Current 13 µAde 

(V7, 8 or g = l.OVdc, v 3 = 5Vdc) - - 100 

(V7, 8 or g = 0.75Vdc, v 3 = 5Vdc, - - 100 

TJ = 75'C) 

(v7, 8 or g = l,lVdc, v 3 = 5Vdc, - - 100 

TJ = 0' C) 

"0" Output Current 13 mAdc 

(V 7, 8 or g = 2.0Vdc, v 3 = O. 55, 30 - -
T J = 0 to 75' C) 

Input Breakdown Voltage Vdc 
(I7 = lOµAdc, VB = 0) BV7 8.0 - -
(18 = lOµAdc, V 7 = 0) BV8 8.0 - -
(lg= lOµAdc, V 7 = 0) BVg 8. 0 - -

Input Leakage Current µAde 
(V 7 = 5Vdc, VB = 0) !7 - - o. 50 

(V7 = 5Vdc, Va= o, TJ = 75'C) 17 - - 25 

(V8 = 5Vdc, v 7 = 0) !8 - - o. 50 

(V 8 = 5Vdc, V 7 = O, T J = 75' C) 18 - - 25 

(Vg = 5Vdc, v 7 = O) lg - - 0. 50 

(Vg = 5Vdc, v7 = o, TJ = 75'C) lg - - 25 

Input Turn-Off Current mAdc 
(Alternately, V 7, VB, V g = 0) 17,18,Ig - - -4. 5 

(Alternately, V 7, VB, V 9 = O, 17, 18, lg - -
TJ=Oto75'C) 

(V10 = 0) 110 - - -5. 5 

Output Capacitance C3 pf 

(V 3 = 2. OVdc, Vin= 25mVrms, - - 15 

f = lmc, unused pins grounded) 

Input Capacitance pf 
(V 7 = 2. OVdc, Vin= 25mVrms, C7 - - 10 

f = lmc, unused pins grounded) 

(V 8 = 2. OVdc, Vin= 25mVrms, CB - - 10 

f = lmc, unused pins grounded) 
(V g = 2. OVdc, Vin= 25mVrms, Cg - - 10 

f = 1 me, unused pins grounded) 

Power Supply mW 
(Output "OFF", V 7 = 0) - - 23 

(Output "ON") - - 66 

I 
Switching Times nsec 

Turn-On Delay ton - - 35 

Turn-Off Delay toff - - 100 

Average Propagation Delay tpd - 40 - nsec 
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-- Motorola Integrated Circuits --

Mc255 MC250 DTL SERIES 

Diode Transistor Logic Line Driver. 

MAXIMUM RATINGS (TJ = 25°C) 

Characteristic Symbol Rating Unit 

Applied Voltage v3,4,6 +6 Vdc 

vs -6 

v 8, 10 +8 

Forward Cur-rent 15, 8, 10 
30 mAdc 

Load Current 13, 4, 6 
75 rnAdc 

Operating Temperature Range TJ O to + 75 ''C 

Storage Temperature Range Tstg -65 to +175 "C 

MC255 

10 

LINE DRIVER 

4 

10 
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--Motorola Integrate~ Circuits -· -

MC255(continued) 

(V• = 4 Vdc, Vs= 2 Vdc, Vr = 0, 
ELECTRICAL CHARACTERISTICS TJ = 25°C unless otherwise noted) 

Characteristic Symbol Minimum Typical 

Output Saturation Voltage Va 
(la = aomAdc, T J = O" C to +75' C - -

Output Voltage, "Off" Level Va 
(la= lOmAdc, Va= o. 7Vdc, 2.0 -
TJ = 0 to 75'C) 

Input Breakdown Voltage 
(Ia = lOµAdc, v 10 = O) BVa a.o -
(110 = lOµAdc, Va = O) BVlO a.o -

Input Leakage Current 
(Va= 5Vdc,. v10 = o) la 
CV a= 5Vdc, v10 = o, TJ = 75'C) la - -
(VlO = 5Vdc, Va= 0) 110 
(V10 = 5Vdc, Va= O, TJ = 75'C) 110 - -

Turn-Off Current at Inputs 
(Va= 0) la - -
(Va= o, TJ = 0 to +75°C) la - -
(VlO = 0) 110 - -
(V lO = O, T J = 0 to +75' C) 110 - -

Load Resistor Rs- 4 - 125 

Input Capacitance 
(Va= 2Vdc, Vin= 25mVrms, 

f-lmc, unused pins grounded) Ca - -
(V 10 = 2Vdc, Vin= 25mVrms, c10 - -
f= 1 me, unused pins grounded) 

Power Consumption from Power Supply 
(Output "Off", Va= 0) - -
(Output "On") - -

Switching Times 
Turn-On Delay ton - -
Turn-Off Delay toff - -

Average Propagation Delay 
(CL= lOOOpf) tpd - 50 

11-70 

Maximum Unit 

Vdc 

o. 55 

-

Vdc -
-

Ade 
o. 50 

25 

o. 50 

25 

mAdc 
-4. 5 

-4. 7 

-4. 5 

-4. 7 

- Ohms 

pf 

10 

10 

mW 
ao 

65 

nsec 
90 

60 

nsec -



-- Motorola Integrated Circuits --

Mc256 MC250 DTL SERIES 

Dual (2-2) Input Diode Transistor Logic NAND/NOR 
Gate. 

MAXIMUM RATINGS (TJ = 25°C unless otherwise noted) 

Characteristic Symbol Rating Unit 

Applied Voltage Vdc 

v3,4,6 thru 9 +8 

v5 -8 

v2,10 +6 

Forward Current mAdc 

~.10 +30 

12 thru 4, 
-30 

7 thru 10 

Operating Temperature Range TJ 0 to 75 •c 

Storage Temperature Range Tstg -65 to +175 •c 

MC256 

10 

5 -

2·2 NANO/NOR GATE 

2E 

A3 

B4 

C7 

!OE 
DB 

E·AB F=CD 
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-- Motorola Integrated Circuits --

MC256 (continued) 

ELECTRICAL CHARACTERISTICS 
(V6 = 4 Vdc, Vs= 2 Vdc, V1 = 0, TJ = 25'C unless otherwise noted) 

Characteristic Symbol Minimum Typical Maximum Unit 

Output Breakdown Voltage Vdc 
(12 = 5µAdc, V 3 = 0) BV2 6 - -
(110 = 5µAdc, V 7 = 0) BVlO 6 - -

"1" Output Current µAde 
(V 3 = 1. OVdc, V 2 = 5Vdc) !2 - - 50 

(V 3 = O. 75Vdc, V 2 = 5Vdc, ~ - - 50 

TJ = 75'C) 

(V 3 = l. lVdc, V 2 = 5Vdc, ~ - - 50 

TJ = O'C) 

(V 7 = 1. OVdc, V lO = 5Vdc) 110 - - 50 

(V 7 = O. 75Vdc, V lO = 5Vdc, 1io - - 50 

TJ=75'C) 

(V 7 = l. lVdc, V lO = 5Vdc, 110 - - 50 

TJ = O' C) 

110" Output Current rnAdc 
(V 3 = 2. OVdc, V 2 = O. 55Vdc, 12 10 - -
TJ = 0 to 75'C) 

(V 7 = 2. OVdc, V lO = 0, 55Vdc, 110 10 - -
TJ = 0 to 75'C) 

Input BreakDown Voltage Vdc 
(13 = lOµAdc, V 4 = 0) BV3 8 - -
(14 = lOµAdc, V 3 = 0) BV4 8 - -
(I7 = lOµAdc, VB = 0) BV7 8 - -
(18 = lOµAdc, V 7 = 0) BV8 8 - -

Input Leakage Current 13, 14, 17, 18 µAde 

(Diode under test at 5Vdc, all - - o. 50 

other inputs = 0) 
(Diode under test at 5Vdc, all - - 25 
other inputs = O, T J = 75' C) 

Input Turn-Off Current 13, 14, 17, !8 rnAdc 

(Alternately V 3, V 4, V 7, V 8 = 0) - - -2. 3 

(Alternately V 3, V 4, V 7, V 8 = O, - - -2. 5 

T J = 0 to 75' C) 

Output Capacitance pf 
(V 2 = 2, OVdc, V 3 = O, Vin= 25rnVrrns c2 - - 10 

f = lmc, unused pins grounded 

(V 10 = 2. OVdc, V 7 = O, Vin= 25rnVrms, ClO - -- 10 

f = lmc, unused pins grounded) 

I 
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--- Motorola Integrated Circuits ---

MC256 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic Symbol Minimum Typical Maximum Unit 

Input Capacitance pf 
(V 3 = 2Vdc, Vin= 25mVrms, f = lmc, cs - - 10 

unused pins grounded) 
(V 4 = 2Vdc, Vin= 25mVrms, f = lmc, c4 - - 10 

unused pins grounded) 
(V 7 = 2Vdc, Vin= 25mVrms, f = lmc, c7 - - 10 

unused pins grounded) 
(V 8 = 2Vdc, Vin= 25mVrms, f = lmc CS - - 10 

unused pins grounded) 

Load Resistor Current lg mAdc 

(V g = 0) -1. 3 - -2. 85 

Power Consumption from Power Supply mW 
(output "Off", V 3 = V 7 = 0) - - 20 

(Output "On") - - 12 

Switching Times nsec 
Turn-On Delay t - - 60 on 
Turn-Off Delay toll - - 60 

Average Propagation Delay tpd - 30 - nsec 

Mc257 MC250 DTL SERIES 

Dual (3~2) Input Diode Transistor Logic NAND/NOR 
Gate. 

MAXIMUM RATINGS (TJ = 25°C unless otherwise noted) 

Characteristic Symbol Rating Unit 

Applied Voltage Vdc 

v3,4, +8 

6 thru 9 
v5 -8 

v2,10 +6 

Forward Current mAdc 
12, 10 +30 

12 thru 4, -30 

7 thru 10 

Ope.rating Temperature Range TJ -Oto+75 'C 

Storage Temperature Range Tstg -65 to +175 'C 
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--Motorola Integrated Circuits --

MC257 (continued) 

• 
ELECTRICAL CHARACTERISTICS 
(V• = 4 Vdc. Vs= 2 Vdc, V1 = O,· TJ = 25°C unless otherwise noted) 

Characteristic Symbol Minimum Typical Maximum Unit 

Output Breakdown Voltage Vdc 
(12 = 5µAdc, V 3 = 0) BV2 6 - -
(I10 = 5µAdc, V 7 = O) BVlO 6 - -

"1" output Current µAde 
(V3 = 1.0Vdc, v2 = 5Vdc 12 - - 50 

(V 3 = O. 75Vdc, V 2 = 5Vdc, 12 - - 50 

TJ = 75°C) 

(V3 = 1. lVdc, v2 = 5Vdc, 12 - - 50 

TJ= O"C) 

(V 7 = 1. OVdc, V lO = 5Vdc) 110 - - 50 

(V 7 = 0. 75Vdc, V lO = 5Vdc, 110 - - 50 

TJ = 75'C) 

(V7 = 1.lVdc, v10 = 5Vdc, 110 - - 50 

TJ = O'C) 

11 0" Output Current mAdc 
(V 3 = 2. OVdc, V 2 = 0. 55Vdc, 12 10 - -
TJ = 0 to 75°C) 

(V 7 = 2. OVdc, V lO = 0. 55Vdc, 110 
10 - -

T J = 0 to 75' C) 

Input Breakdown Voltage Vdc 
(I3 = lOµAdc, V 4 = 0) BV3 a - -
(I4 = lOµAdc, V 3 = 0) BV4 a - -
(I7 = lOµAdc, Va= O) BV7 a - -
(Ia= lOµAdc, _v 7 = O) BVa a - -
(I9 = lOµAdc, V 7 = 0) BV9 a - -

Input Leakage Current I3, I4, I7, µAde 

Ia, I9 
(Diode under test at 5Vdc, all - - 0.50 
other inputs = O) 

(Diode under test at 5V de, all - - 25 
other inputs = O, T J = 73' C) 

Input Turn-Off Current I3, 14, I7, mAdc 

Ia, 19 
(Alternately V 3, V 4, V 7, Va, V 9 = O) - - -2.3 

(Alternately V 3, V 4, V 7, Va, V g = O, - - -2. 5 

T J = 0 to 75' C) 

Output Capacitance pf 
(V 2 = 2. OVdc, V 3 = O, Vin= 25mVrms, c2 - - 10 

f = lmc, unused pins groonded) 

I 
(V 10 = 2. OVdc, V 7 = O, Vin= 25mVrms, ClO - - 10 

f = lmc, unused pins grounded) 
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-- Motorola Integrated Circuits --

MC257 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic 

Input Capacitance 
(V 3 = 2Vdc, Vin= 25mVrms, 

f = lmc, unused pins grounded) 
(V 4 = 2Vdc, Vin= 25mVrms, 

f = lmc, unused pins grounded) 
(V 7 = 2Vdc, Vin= 25mVrms, 

f = lmc, unused pins grounded) 
(V 8 = 2Vdc, Vin= 25mVrms, 

f = 1 me, unused pins grounded) 
(V 9 = 2Vdc, Vin = 25mVrms, 

f = lmc, unused pins grounded) 

Power Consumption from Power Supply 
(Output "Off", V 3 = V 7 = 0) 

(Output "On") 

Switching Times 
Turn-On Delay 

Turn-Off Delay 

Average Propagation Delay 

4 

F-AB 

Symbol 

C3 

C4 

C7 

Ca 

Cg 

-

ton 

toff 

tpd 

MC257 

2 
7 
8 
9 

3-2 NAND/NOR GATE 

11-75 

Minimum Typical 

- -

- -
- -
- -
- -

- -
- -
- -
- -
- 30 

Maximum Unit 

pf 
10 

10 

10 

10 

10 

mW 
20 

12 

nsec 
60 

60 

- nsec 

10 



I 

--- Motorola Integrated Circvits --

Mc258 MC250 DTL SERIES 

Dual (3-2) Input Diode Transistor Logic NAND/NOR 
Gate. 

MAXIMUM RATINGS (TJ = 25'C unless otherwise noted) 

Characteristic 

Applied Voltage 

Forward Current 

Operating Temperature Range 

Storage Temperature Range 

4 

A3 

B4 

C7 

DB 

E9 

F=AB G:CDE 

Symbol 

v3,4,6 thru 9 

v5 

v2,10 

12, 10 
12 thru 4, 
7 thru 10 

TJ 

Tstg 

MC258 

7 
8 
9 

3-2 NANO/NOR GATE 

11-76 

Rating Unit 

Vdc 
+8 

-8 

+6 

mAdc 
+30 

-30 

0 to +75 'C 

-65 to +175 'C 
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-- Motorola Integrated Circuits --

MC258 (continued) 

ELECTRICAL CHARACTERISTICS 

(V• = 4 Vdc, Vs= 2 Vdc, V1 = 0, TJ = 25°C unless otherwise noted) 

Characteristic Symbol Minimum Typical Maximum Unit 

Output Saturation Voltage Vdc 
(12 = amAdc, V 3 = V 4 = 2Vdc, v2 - - 0. 55 

T J = 0 to 75' C) 

(110 = amAdc, v 7 =Va= vg = 2Vdc VlO - - o. 55 

T J = 0 to 75' C) 

Output "Off" Voltage Vdc 
(12 = lOOµAdc, V 3 = 1. OVdc v2 3. 5 - -
(I2 = lOOµAdc, V 3 = 0. 75Vdc, v2 3. 5 - -
TJ = 75° C) 

(I2 = lOOµAdc, V 3 = 1. lVdc, v2 3. 5 - -
TJ = O'C) 

(I10 • lOOµAdc, V 7 = 1. OVdc VlO 3. 5 - -
(I10 = lOOµAdc, V 7 = O. 75Vdc, v10 3. 5 - -
T J = 75' C) 

(110 = lOOµAdc, v7 = 1. lVdc, VlO 3. 5 - -
TJ = O'C) 

Input Breakdown Voltage Vdc 
(I3= lOµAdc, V 4 = 0) BV3 a - -
(I4 = lOµAdc, V 3 = 0) BV4 a - -
(17 = l~dc, Va = O) BV7 a - -
(18 = lOµAdc, V 7 = 0) BV8 8 - -
(lg = 10µAdc 1 V 7 = 0) BVg 8 - -

Input Leakage Current 1:3, 14, 17, µAde 

18, lg 
(Diode under test at 5V de, all - - o. 50 
other inputs = 0) 

(Diode under test at 5Vdc, all - - 25 
other inputs = O, T J = 75° C) 

Input Turn-Off Current I3,I4,I7, mAdc 

Ia, lg 

(Alternately V 3, V 4, V 7, V 8, V g = 0) - - -2. 3 

(Alternately V 3, V 4, V 7,V 8, V g = O, - - -2. 5 

T J = 0 to 75' C) 

Output Capacitance pf 
(V 2 = 2. OVdc, V 3 = o, Vin= 25mVrms, C2 - - 10 

f = lmc, unused pins grounded) 
(V 10 = 2. OVdc, V 7 = O, Vin= 25mVrms, ClO - - 10 

f = lmc, unused pins grounded) 

11-77 



--Motorola Integrated Circuits --

MC258 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic Symbol Minimum Typical Maximum Unit 

Input Capacitance pf 
(V 3 = 2Vdc, Vin= 25mVrms, f = lmc, c3 - - 10 

unused pins grounded) 
(V 4 = 2Vdc, Vin = 25mVrms, f = lmc, c4 - - 10 

unused pins grounded) 
(V 7 = 2Vdc, Vin= 25mVrms, f = lmc, C7 - - 10 

unused pins grounded) 
(V 8 = 2Vdc, Vin= 25mVrms, f = lmc, CB - - 10 

unused pins g.rounded) 
(V 9 = 2Vdc, Vin= 25mVrms, f = lmc Cg - - 10 

unused pins grounded) 

Power Consumption Power Supply - mW 
(Output "Off", V 3 = v 7 = O) - - 20 

(output "On") - - 34 

Switching Times nsec 
Turn-On Delay t on - - 60 

Turn-Off Delay toff - - 60 

Average Propagation Delay tpd - 30 - nsec 

Mc259 MC250 DTL SERIES 

Diode Transistor Logic Flip- Flop. 

MAXIMUM RATINGS (TJ = 25°C) 

Characteristic Symbol Rating Unit 

Applied Voltage Vdc 

v2,3,4,6,7 +8 

B, 9, 10 
v5 -8 

Forward Current mAdc 
13, 8 +50 

12, 3, 4, -30 

7 thru 10 

Operating Temperature Range TJ 0 to +75 'C 

Storage Temperature Range Tstg -6 5 to +175 'C 

11-78 



--- Motorola Integrated Circuits --

MC259 (continued) 

ELECTRICAL CHARACTERISTICS 

(V• = 4 Vdc, Vs= 2 Vdc, V1 = 0, TJ = 25°C unless otherwise noted) 

Characteristic 
Logic Logic 

Symbol Minimum Typical Maximum Unit Symbol State 

OUTPUT LEVEL 
"Off" Voltage 
(18 = -200µAdc, V 4 = 0. 55Vdc, Q 1 VB 2. 5 - - Vdc 

V7 = 2.0Vdc, TA= Oto 75'C) 

(13 = -200µAdc, v 4 = 2.0Vdc, -q 1 v3 2. 5 - - Vdc 

v7 = 0.6Vdc, TA= 0 to 75°C) 

"On" Voltage 
(18 = 16mAdc, V 4 = 2. OVdc, Q 0 VB - - Q, 55 Vdc 

v7 = 0.55Vdc, TA= 0 to 75'C) 

(13 = 16mAdc, V 4 = 0. 55Vdc, -q 0 v3 - - o. 55 Vdc 

V 7 = 2. OVdc, TA = 0 to 75° C) 

DIRECT SET-RESET INPUTS 
"Up" Voltage SD 1 v4 2.0 - - Vdc 

RD 1 v7 2. 0 - - Vdc 

"Down" Voltage SC 0 v4 - - o. 55 Vdc 

RD 0 V7 - - o. 55 Vdc 

11 Up" Current 
(V 4 = 5Vdc, T J = 75' C) SD 1 14 - - 25 11Adc 

(V 7 = 5Vdc, T J = 75' C) RD 1 17 - - 25 µAde 

"Down" Current 
(V 4 = 0) SD 0 14 - - -2. 3 mAdc 

(V 7 = 0) RD 0 17 - - -2. 3 mAdc 

CLOCKED SET-RESET INPUTS 
"Down" Current 
(V 9, lO = O, TJ = 25'C) SC 0 lg - - -1. 75 mAdc 

(V2, 10 = O, TJ = 25'C) RC 0 12 - - -1. 75 mAdc 

Effective Clock Input Clo - 75 - pf 
Capacitance 

SWITCHING TIME 
Clocked Set-Reset Mode 

Turn-On Delay t - - 100 nsec 
on 

Turn-Off Delay toff - - 75 nsec 

Direct Set-Reset Mode 
Turn-On Delay t - - 100 nsec 

on 
Turn-Off Delay toff - - 75 nsec 

POWER CONSUMPTION - 16 - mW 
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--- Motorola Integrated Circuits ---

MC25 9 (continued) 

MC259 BINARY ELEMENT 

4 S0 
6 

4 

Q 8 9 Q 8 
3Q 10 

2 Q 
7 

SC 9 

2 RC 

Mc260 MC250 DTL SERIES 

Diode Transistor Logic Flip- Flop. 

MAXIMUM RATINGS (TJ = 25'C unless otherwise noted) 

Characteristic Symbol Rating Unit 

Applied Voltage Vdc 

v2,3,4,6, +8 

7,8,9,10 
v5 -8 

Forward Current mAdc 
13, 7 +50 

12,3, 4, 
-30 

7 thru 10 

Operating Temperature Range TJ 0 to +75 'C 

Storage Temperature Range Tstg -65 to +175 'C I 
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--- Motorola Integrated Circuits ---

MC260 (continued) 

ELECTRICAL CHARACTERISTICS (V• = 4 Vdc, Vs= 2 Vdc, V1 = 0, TJ = 25'C) 

Characteristic Logic Logic 
Symbol Minimum Typical Maximum Unit Symbol State 

OUTPUT LEVEL 
"Off" Voltage 
(17 = -200µAdc, V 4 = 0. 55Vdc, Q 1 v7 2. 5 - - Vdc 
Momentarily connect pin 2 to 
-2. OV de, T J = 0 to 75' C) 

"Q" 1 v3 2. 5 Vdc (13 = -200µ,>;oc, v 4 = 2.0Vdc, - -
T J = 0 to 75' C) 

"On" Voltage 
(17 = 16mAdc, V 4 = 2. OVdc, Q 0 v7 - - 0. 55 Vdc 

Momentarily connect pin 2 to 
-2. OVdc, T J = 0 to 75' C) 

(13 = 16mAdc, V 4 = o. 55Vdc, "Q" 0 v3 - - o. 55 Vdc 

T J = 0 to 75' C) 

DIRECT SET INPUT CURRENT 
"Up" Current 
(V 4 = 5Vdc, TJ = 75'C) SD 1 14 - - 25 µAde 

"Down" Current 
(V 4 = 0) SD 0 14 - - -2. 3 mAdc 

CLOCKED SET-RESET INPUTS 
"Down" Current 
(V 8, 9 = O, TJ = 75'C) SC 0 18 - - -1. 75 mAdc 

(V 2, lO = O, T J = 75' C) RC 0 1z - - -1. 75 mAdc 

Effective Clock Input 
Capacitance 

(V g = 2. OVdc, VB = OVdC) Cg - 75 - pf 

(V lO = 2. OVdc, V 2 = OVdc) ClO - 75 - pf 

(V 8 = 4. OVdc) 

SWITCHING TIME 
Clocked Set-Reset Mode 

Turn-On Delay t - - 100 nsec on 
Turn-Off Delay toll - - 75 nsec 

Direct Set Mode 
Turn-On Delay t - - 100 nsec on 
Turn-Off Delay toff - - 75 nsec 

POWER CONSUMPTION - 16 - mW 

I 
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MC260 (continued) 

MC260 

C9 5 ClO 

4 
SD 

SC Q 

c 
10 c Q 

2 RC 

I --
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Mc262 MC250 DTL SERIES 

Dual (3-3) Input Diode Transistor Logic NAND/NOR 
Gate. 

MAXIMUM RATINGS (TJ = 25'C unless otherwise noted) 

Characteristic Symbol Rating Unit 

Applied Voltage Vdc 
v 3 thru9 +8 

v2, 10 +6 

Forward Current mAdc 

12, 10 +30 

~ thru 5, -30 

7 thru 10 

Operating Temperature Range TJ 0 to + 75 oc 

Storage Temperature Range Tstg -65 to +175 "C 

MC262 

4 

3-3 NANO/NOR GATE 

A30--lol-~ 

C5 0--M _ _. 

D7 0--14._..., 

E8U--.-t--• 

pgu----~ 

G=ABC H=DEF 
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-- Motorola Integrated Circuits --

MC262 (continued) 

ELECTRICAL CHARACTERISTICS 

(V• = 4 Vdc, Vs= 2 Vdc, V1 = 0, TJ = 25°C unless otherwise noted) 

Characteristic Symbol Minimum Typical Maximum Unit 

Output Breakdown Voltage Vde 
(12 = 5µAde, V 3 = O) BV2 6 - -
(110 = 5µAde, V 7 = O) BVlO 6 - -

"1" output Current Ade 
(V 3 = l, OVde, V 2 = 5Vde) ~ - - 50 

(V 3 = O. 75Vde, V 2 = 5Vde, ~ - - 50 

T J = 75' C) 

(V3 = l.lVde, v 2 = 5Vde, ~ - - 50 

T J = O'C) 

(V7 = l.OVde, vlO = 5Vde) 110 - - 50 

(V 7 0, 75Vde, V lO = 5Vde, 110 - - 50 

TJ = 75'C) 

(V 7 = 1. lVde, v 10 = 5Vdc, 110 - - 50 

TJ = O'C) 

"0" Output Current mAde 
(Vin= 2Vde, V 2 = o. 55, ~ 10 - -
T J = 0 to 75' C) 

(Vin= 2Vde, V lO = O. 55, 110 10 - -
T J = 0 to 75' C) 

Input Breakdown Voltage Vde 
(13 = lOµAde, V 4 = O) BV3 8 - -
(14 = lOµAde, V 3 = 0) BV4 8 - -
(15 = lOµAde, V 3 = O) BV5 8 - -
(17 = lOµAde, V 8 = 0) BV7 8 - -
(18 = lOµAde, V 7 = 0) BV8 8 - -
(19 = lOµAde, V 7 = 0) BV9 8 - -

Input Leakage Current 13, 14, 15, µAde 

17,18,19 
(Diode under test at 5Vde, all - - o. 50 
other inputs = O) 

(Diode under test at 5Vde, all - - 25 
other inputs = O, T J = 75' C) 

Input Turn-Off Current 13, 14, 15, mAde 

(Alternately V 3, V 4, V 5, V 7, V 8, 
17, 18, 19 

- - -2. 3 

v 9 = 0) 

(Alternately V 3, V 4, V 5, V 7, V 8, - - -2. 5 

V 9 = O, T J = 0 to 75' C) 
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--Motorola Integrated Circuits --

MC262 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic Symbol Minimum Typical Maximum Unit 

Output Capacitance pf 
(V 2 = 2. OVdc, V 3 = O, Vin= 25mVrms, c2 - - 10 

f = lmc, unused pins grounded) 
(V 10 = 2. OVdc, V 7 = o, Vin= 25mVrms, Clo - - 10 

f = lmc, unused pins grounded) 

Input Capacitance pf 
(V 3 = 2Vdc, Vin= 25mVrms, f = lmc, C3 - - 10 

unused pins grounded) 
(V 4 = 2Vdc, Vin= 25mVrms, f = lmc, C4 - - 10 

unused pins grounded) 
(V 5 = 2Vdc, Vin= 25mVrms, f = lmc, C5 - - 10 

unused pins grounded) 
(V 7 - 2Vdc, Vin = 25mVrms, f = lmc, C7 - - 10 

unused pins grounded) 
(V 8 = 2Vdc, Vin= 25mVrms, f = lmc, Ca - - 10 

unused pins grounded) 
(V 9 = 2Vdc, Vin = 25mVrms, f = lmc, Cg - - 10 

Power Consumption from Power Supply mW 
(Output "Off", V 3 = V 7 = 0) - - 19 

(Output "On") - - 12 

Switching Times nsec 
Turn-On Delay ton - - 60 

Turn-Off Delay toll - - 60 

Average Propagation Delay tpd - 30 - nsec 

Mc263 MC250 DTL SERIES 

• Dual (3-3) Input Diode Transistor Logic NAND/NOR 
Gate. 

MAXIMUM RATINGS (TJ = 25°C unless otherwise noted) 

Characteristic Symbol Rating Unit 

Applied Voltage Vdc 
v 3 thru9 +8 

v2,10 +6 mAdc 

Forward Current l:!,10 +30 

I:! thru 5, 
-30 

7 thru 10 

Operating Temperature Range TJ o to 75 •c 

Storage Temperature Range Tstg -65 to +175 ·c 
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--- Motorola Integrated Circuits ---

MC263 (continued) 

ELECTRICAL CHARACTERISTICS 
CV•= 4 Vdc, Vs= 2 Vdc, V1 = 0, TJ = 25°C unless otherwise noted) 

Characteristic Symbol Minimum Typical Maximum Unit 

Output Breakdown Voltage Vdc 
(12 = 5µAdc, V 3 0) BV2 6 - -
(110 = 5µAdc, V 7 = O) BVlO 6 - -

Output saturation voltage Vdc 
(1i = BmAdc, v 3 =V4 =V 5 = 2Vdc, v2 - - o. 55 

TJ = 0 to 75'C) 

(110 = BmAdc, V7 = v 8 = v 9 = 2Vdc, VlO - - 0. 55 

T J = 0 to 75° C) 

Output "Off" Voltage Vdc 
(12 = lOOµAdc, V 3 = O. 7Vdc, v2 3. 5 - -
T J = 0 to 75' C) 

(110 = lOOµAdc, V 7 = O. 7Vdc, VlO 3. 5 - -
T J = 0 to 75° C) 

Input Breakdown Voltage Vdc 
(13 = lOµAdc, V 4 = 0) BV3 8 - -
(14 = lOµAdc, V 3 = 0) BV4 8 - -
(15 = lOµAdc, V 3 = 0) BV5 8 - -
(17 = lOµAdc, V 5 = 0) BV7 8 - -
(!8 = lOµAdc, V 7 = 0) BV8 8 - -
(19 = lOµAdc, V 7 = O) BV9 8 - -

Input Leakage Current 1a, 14, 15, µAde 

17, 18, 19 
(Diode under test at 5Vdc, all - - o. 500 
other inputs = 0) 

(Diode under test at 5Vdc, all - - 25 
other inputs = O, T J = 75' C) 

Input Turn-Off Current 1a, 14, 15, mAdc 

17,18,19 
(Alternately V 3, V 4, V 5, V 7, VB, - - -2.3 

v 9 = 0) 

(Alternately V 3, V 4, V 5, V 7, VB, - - -2. 3 

V9 =0, TJ=Oto75'C) 

Output Capacitance pf 
(V2 = 2,0Vdc, v3 = O, Vin= C2 - - 10 

25mVrms, f = lmc, unused 
pins grounded) 

(V lO = 2. OVdc, V 7 = O, Vin= ClO - - 10 

25mVrms, f = lmc, unused 
pins grounded 
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--Motorola Integrated Circuits --

MC263 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic 

Input Capacitance 
(V 3 = 2Vdc, Vin= 25mVrms, 

f = lmc, unused pins grounded) 
(V 4 = 2Vdc, Vin= 25mVrms, 

f = lmc, unused pins grounded) 
(V 5 = 2Vdc, Vin= 25mVrms, 

f = lmc, unused pins grounded) 
(V 7 = 2Vdc, Vin = 25mVrms, 

f = lmc, unused pins grounded) 
(V 8 = 2Vdc, Vin= 25mVrms, 

f = lmc, unused pins grounded) 
(V 9 = 2Vdc, Vin= 25mVrms, 

f = lmc, unused pins grounded) 

Power Consumption from Power Supply 
(Output "Off", V 3 = V 7 = 0) 

(Output "On") 

Switching Times 
Turn-On Delay 

Turn-Off Delay 

Average Propagation Delay 

-~_-,,_ ·~- ··-·" -

3 

4 

-~-0--"~~~~~---L ... 

Symbol 

C3 

C4 

c5 

C7 

CB 

C9 

-

t on 

toff 

tpd 

MC263 

Minimum 

-
-
-
-
-
-

-
-

-
-
-

3-3 NAND/NOR GATE 

A3 0--119--. 

B4 0---1 ...... 

C5 0--119--' 

D7 0--1•--. 

EB 0---1 _ _. 

F9 0---jl .... _. 

G-ABC H=CDE 
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Typical 

-

-
-
-
-
-

-
-

-
-

30 

Maximum Unit 

pf 
10 

10 

10 

10 

10 

10 

mW 
19 

33 

nsec 
60 

60 

- nsec 

. ·' ... ··-~ 
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Mc265 MC250 DTL SERIES 

• 
Dual (3-3) Input Diode Transistor Logic AND Gate. 

MAXIMUM RATINGS (TA::;: 25"C) 

Chancteristic 

Applied Voltage 

Forward Current 

Operating Temperature Range 

Storage Temperature Range 

1· 

7 
8 
9 

8 

SJftlbOI 

v2,3, 7 thru 
10 
vs 

12 thru 10 

TJ 

Tstg 

MC265 

DUAL "AND" GATE 

9 IO 

11-88 

Ratlnc Unit 

Vdc 
+8 

±8 

.±30 mAdc 

Oto +75 'C 

-65 to +175 'C 

10 

4 

2 



-- Motorola Integrated Circuits --

MC265 (continued) 

ELECTRICAL CHARACTERISTICS 

Characteristic Symbol Minimum Typical Maximum Unit 

Diode Breakdown Voltage Vdc 
(12 3 10 = lOµAdc, V 4 = V l = 0) v 2, 3, 10 8 - -
(17: 8: 9 = lOµAdc, V 5 = V l = 0) v7,8, 9 8 - -

Diode Forward Voltage Vdc 
(14 = 2rnAdc, V 2, 3, 10 = V 1 = 0) V4 - - o. 85 

(15 = 2rnAdc, V 7, a, 9 = V l = 0) V5 - - o. 85 

Diode Reverse Leakage Current µAde 
(V 2, 3, lO = 5Vdc, V 4 = V l = 0) 12, 3, 10 - - o. 50 

(V 2, 3, 10 = 5Vdc, V 4 =V1 = O, 12, 3, 10 - - 25 

T J = 75° C) 

(V7,8,9 = 5Vdc, v5 =V1=0) 17, 8, 9 - - o. 50 

(V7,8,9 = 5Vdc, v5 =V1 = o, 17, 8, 9 - - 25 

TJ=75'C) 

Input Capacitance pf 
(V2,3,lo=2Vdc, V4=V1 =0, c2, 3, 10 - - 10 

f = lmc, Vin= 25mVrms, unused 

inputs grounded) 
(V7,8,9=2Vdc, V5=V1 =0, c7, 8, 9 - - 10 

f = lmc, Vin = 25mVrms, unused 

pins grounded) 

Reverse Recovery Time nsec 
(lF2, 3, 10=1it2, 3, 10 = 2rnAdc, trr2, 3, 10 - - 4 

V 4 = V 1 = O, recover to 0. 2rnAdc) 

(lF7, 8, 9 = 1R7, 8, 9 = 2rnAdc, t rr7, 8, 9 - - 4 

V 5 =V1 = O, recover to O. 2rnAdc) 

Resistor Isolation Leakage mAdc 
(V 6 = 5Vdc, V 4 = V 5 = 0) 11 - - 600 

Resistor Current rnAdc 
cv 6 = 4Vdc, v 4 = v 1 = o) 14 1.3 - 2. 85 

(V 6 = 4V de, V 5 = V l = 0) 15 1.3 - 2. 85 

Resistor Temperature Coefficient - - 0.1 - %/'C 

Diode Forward Conductance Change .1VF2,3,10 - -1. 7 - mV/'C 

with Temperature .1VF7,8,9 - -1. 7 -
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Mc267 MC250 DTL SERIES 

Diode Transistor Logic Dual-Diode Array. 

MAXIMUM RATINGS (TA= 25°C) 

Characteristic 

Applied Voltage 

Forward Current 

Operating Temperature Range 

Storage Temperature Range 

I 

Symbol 

v2,3, 
7 thru 10 

12 thru 5 

7 thru 10 

TJ 

Tstg 

MC267 

10 
2 
3 

DUAL DIODE ARRAY 

9 

11-90 

Rating Unit 

Vdc 
8 

mAdc 
30 

Oto +75 "C 

-65 to +175 "C 

4 

4 

10 



--- Motorola Integrated Circuits --

MC267 (continued) 

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

Characteristic Symbol Minimum Typical Maximum Unit 

Diode Breakdown Voltage Vdc 
(I2, 3, lO =10µAdc, V 4 = V l = 0) v2,3,10 8 - -
(17, 8, g = lOµAdc, V 5 = V l = 0) v7, s, 9 8 - -

Diode Forward Voltage Vdc 
(I4 = 2mAdc, v 2, 3, lO = v 1 = O) v4 - - 0. 85 

(r5 = 2mAdc, V 7, 8, 9 =V1 = 0) v5 .. - o. 85 

Diode Reverse Leakage Current µAde 
(V 2, 3, lO = 5Vdc, V 4 = V l = 0) 12,3,10 - - o. 50 

(V 2, 3, lO = 5Vdc, V 4 = V l = O, 25 

TJ=75'C) 

(v 7, 8, 9 = 5Vdc, v 5 = v 1 = O) 17, 8, 9 - - o. 50 

(v7 , 819 = !'>Vdc; v 5 =vi= o, 
25 

T J = 75° C) 

Input Capacitance pf 
(V 2, 3, lO = 2Vdc, V 4 = V l = O, c2, 3, 10 - - 10 

f = lmc, Vin = 25mVrms, 

unused inputs grounded) 
(V7,8,9 = 2Vdc, v5 =V1 = o, c7, s, 9 - - 10 

f = lmc, Vin= 25mVrms~ 

unused inputs grounded) 

Reverse Recovery Time nsec 

(IF2, 3, 10 = 1R2, 3, 10 = 2mAdc, t rr2, 3, 10 - - 4 

V 4 = V 1 = O, Recover to 0. 2mAdc) 

(lF7,8,9= 1R7,8,9 = 2mAdc t rr7, 8, 9 - - 4 

V 5 = V 1 = O, recover to 0. 2mAdc) 

Diode Forward Conductance Change LIV F2, 3, 10 - -1, 7 - mV/'C 

with Temperature LIVF7,8,9 - -1. 7 -

I 
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USN ME DTL series 

CASE 71 
(T0-5) 

fi,11 
Monolithic integrated Diode Transistor Logic cir

cuits designed to provide all of the basic logic func
tions in a digital computer. The ME USN Series 
is intended for high-speed logic applications over a 
temperature range of -55 to +125oc. 

Series USN MEl DTL Circuits 

Switching Time Power 
Recovery Time to. Dissipation 

Type Description (nsec) (nsec) (mW) 

MEl 3-4 Diode AND Gate 15 200 

ME2 2-2-2 Diode AND Gate 15 300 

ME3 1-1-1-2 Diode AND Gate 14 400 

ME4 8-Diode AND Gate 15 100 

ME5 Dual Inverters 20 45 250 

ME6 9-Diode Common-P Gate 90 

ME7 9-Diode Common-N Gate 90 

ME8 16-Diode Series/Parallel Matrix 90 

SWITCHING TiME TEST CIRCUIT FOR INVERTERS (ME5) 

6.5 Vdc o---.~ 

1000 OHMS 

t, = t, = 5 nsec max 

PW= 100 nsec 

rep. rate ~ 60 cps 

or 
equiv. 

270 OHMS 

' 

- ~UNIT UNDER TEST 

c 

11-92 

TERMINAL Q, U, 

A 6 9 

B 7 8 

c 5 10 

0 4 1 

E 3 2 

NOTES 
(1) Turn-on time for the circuit 1s defined as the time 

interval from a pomt 10% up from the minimum 
amplitude on the leading edge of the input pulse 
to a point 90% down from the maximum ampli· 
tude on the leading edge of the output pulse. 

(2) Turn-off time for the circuit is defined as the time 
interval from a point 10% down from the maK
imum amplitude on the trailing edge of the mput 
pulse to a point 50% down from the maximum 
amplitude on the trailing edge of the output pulse. 

(3) Adjust Cs to 20 pf (includes scope and stray ca· 
pacitance.) 



-- Motorola Integrated Circuits --

USN ME (continued) 

SWITCHING TIME TEST CIRCUIT FOR DIODE GATES 

6Vdc ± 20% 

011 
REP. RATE ;:;:: 60 cps 
PW= IOOftsec 

lOVdc 

USN MEI 
MIL-M-23700/1 (NAVY) 

CASE71 R 
(T0·5) 

a, 
2N709 

5.6K 

-6.5Vdc 

A (OUTPUT) 
TO SCOPE 

+lOVdc 

L 

f 

USN ME DTL SERIES 

3-4 Diode AND Gate. 

SWITCH $1 SWITCH S1 
OPEN CLOSED 

TEST PROCEDURE 
Ill Open switch S1 

(2) Adjust input pulse of 01 for Gt fall time 
which will result in output at terminal A 
of 3 nanoseconds/volt positive slope for 
approximately 2.5 volts. 

(3) Note t1 (2 volt level) 
(4) Close switch S, 
(5) Note t1 (2 volt level) 

• 

ME1 

ABSOLUTE MAXIMUM RATINGS (TA= 25°C unless otherwise noted) 

Characteristic Symbol Rating Unit 

Forward Current Iv zo mA 

Reverse Voltage VR 10 Volts 

Total Device Dissipation Po zoo mW 
Derate above z5°c l.33 mw/0 c 

Resistor Dissipation (Each Resistor) Po 100 mW 
Derate above z5°c 0.67 mw/0 c 

Operating Temperature Range TA -55to+125 oc 

Storage Temperature Range Tstg -65to+175 oC 

11-93 
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USN MEl (continued) 

DIFFERENTIAL VOLTAGE AND FORWARD CURRENT TEST CIRCUIT AND TERMINAL CONNECTIONS 

D lOVdc 

525 !I f°"-iil~ 
1% 1 <>- = 

~c~ 

TERMINAL TEST CONNECTIONS 
DIFFERENTIAL VOLTAGE 

ALTERNATELY 
CONNECT A TO 6, 7, 8 1, 2, 9, & 10 

CONNECT B TO 5 4 

CONNECT C TO 3 3 

TABLE I GROUP A INSPECTION 

MIL-STD· 
Examination or Test 750Method Symbol 

SUBGROUP 

Visual and Mechanical Examination 2071 -
SUBGROUP 2 

Forward Current (each diode - Fig. 2) 4011 
VD-I= 10 Vdc la-1 
vD_ 2 = 10 Vdc la-2 
V D-4 thru 10 = JO Vdc 13-4 thru 10 

Reverse Current (each diode) 4016 
V 1_3 = 10 Vdc 

1i-3 
V 2_3 = 10 Vdc 

12-3 
V 4 thru 10-3 = 10 Vdc 14 thru 10-3 

SUBGROUP 3 

• Differential Voltage (Fig. 2) 

V 0-0: •OVO<, ~-O: 0, 5......, ~-8 V D-7 - 10 Vdc, _5 - O. 5 mAdc 
~-8 : 10 Vdc, _5 : O. 5 mAdc ~-7 

D-l - 10 Vdc, _4 - o. 5 mAdc ~-8 
4-1 VD_ 2 = 10 Vdc, _4 = O. 5 mAdc v4-2 

V D-S = 10 Vdc, _4 = 0. 5 mAdc V4_9 
VD-lO = 10 Vdc, lD_ 4 = O. 5 mAdc v4-10 

SUBGROUP 4 

Capacitance (each diode) 4001 
vl, 2, 4 thru 10-3 = lO Vdc, cl, 2, 4 thru 10-3 
f=IOOkr 

Reverse Recovery Time (Fig. 3) 4031 t2 - ti 

Connect Pin 3 to C. Pin 4 to D, 
alternately connect Pins 1, 2, 9, 
and 10 to B 
Connect Pin 3 to C, Pin 5 to D, 
alternately connect Pins 6, 7, 
and 8 to B 
Connect Pin 3 to C, Pin 2 to D. 
and Pin 4 to B 
Connect Pin 3 to C, Pin 6 to D. 
and Pin 5 to B 

NOTE: Letter subscripts denote test circuit connection points. 
Number subscripts denote device pin connections.• 
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TERMINAL TEST CONNECTIONS 
FORWARD CURRENT 

ALTERNATELY 
CONNECT A TO 1, 2, 4 THRU 10 

CONNECT 0 TO 3 

B NOT CONNECTED 

Limits Max Ace 
Min/Max Unit LPTD Number 

- - - 20 4 

mAdc 
8.3 10.1 

8. 3 JO. I 

8.3 10.1 

5 4 
µAde 

- 0.1 

- 0.1 

- 0.1 

t:30 

Vdc 
-

.30 
~:30 5 4 
t:30 
~:30 30 
~.30 

pf 
- 4 

nsec 

- 15 5 4 

- 15 

- 15 

- 15 
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USN MEl (continued) 

TABLE II GROUP B INSPECTION 

MIL-STD-750 
Limits 

Examination or Test Method Symbol Min Max Unit 

SUBGROUP I 
Physical Dimensions 2066 - - - -

SUBGROUP 2 
Soldering Heat (I Cycle) 2031 - - - -
Temperature Cycling 1051 - -

(T = 175°C) Condition B - -
Thermal Shock 1056 - -

(Glass Strain) Condition A - -
Moisture ~sistance 1021 - - - -
End Points: Same As Subgroup 7 

SUBGROUP 3 
Constant Acceleration 2006 - - - -

(10, OOOG, X1, YI' Y 2) 

Shock (500G, l rnsec, 5 blows each in orientation 2016 - - - -
x1, Yl' Y2' total of 15 b\_ows.) 

Vibration Fatigue 2046 - - - -
(IOG) Non-operating 

Vibration, Variable Frequency 2056 - - - -
nor.) 

End Points: Same As Subgroup 7 

SUBGROUP4 (Notes l, 2) 
Terminal Strength 2036 - - - -

(3 leads at random) Condition E 

SUBGROUP 5 (Notes l, 3) 
Salt Atmosphere (Corrosion) 1041 - - - -
SUBGROUP 6 
High Tempecfature Life 1031 - - - -

(TA=l75C) Non-operating 

~: Same As Subgroup 7 

SUBGROUP7 
steady State Operation Life 1026 - -

vr l, 2, 4 thru 10-3 = lOV, f = 60 cps 
Po(R1) = Po<R2) = 100 mW - -

End Points: (Subgroups 2, 3, 6 and 7) 

Forward Current 4011 mAdc 
VD·!= 10 Vdc 13-1 7. 8 10. 6 
v 0 . 2 • 10 Vdc 13-2 7. 8 10. 6 -
V D-4 thru 10 = 10 Vdc Ia·.4 thru 10 7. 8 10. 6 

Reverse Current 4016 µAde 
~ 3 = 10 Vdc ~ 3 

- 1.0 
£ .. 3 = 10 Vdc 2-3 - 1.0 

V 4 thru 10-3 = 10 Vcfc 14 thru 10-3 - 1.0 

NOTE 1. Tests listed in these subgroups are considered destructive. 
NOTE 2. At the conclusion of the testing in subgroup 4, the device shall be examined 
for evidence of mechanical damage. 
NOTE 3. The device shall be examined for destructive corrosion and illegible ma.-king. 
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Max Ace 
LTPD Number 

20 5 

20 5 

20 5 

20 5 

20 5 

A=20 -

A=20 -
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USN ME2 
MIL·M-23700/2 (NAVY) 

CASE 71 
(TO·S) 

USN ME DTL SERIES 

2-2-2 Diode AND Gate. 

ABSOLUTE MAXIMUM RATINGS (TA= 25'C unless otherwise noted) 

Characteristic Symbol Rating 

Forward Current IF 20 

Reverse Voltage VR 10 

rota! Device Dissipation PD 300 
Derate above 25°c 2 

Resistor Dissipation (Each Resistor) 
Derat~ above 25°c 

PD 100 
0.67 

Operating Temperature Range TA -55 to+ 125 

Storage Temperature Range Tstg -65 to+ 175 

DIFFERENTIAL VOLTAGE AND FORWARD CURRENT TEST CIRCUIT AND TERMINAL CONNECTIONS 

ME2 

Unit 

mA 

Volts 

mW 
mw/0 c 

mW 
mw/0 c 

oc 

oc 

D 10 Vdc 

~2~or:I'? 
TERMINAL TEST CONNECTIONS 

DIFFERENTIAL VOLTAGE 
TERMINAL TEST CONNECTIONS 

FORWARD CURRENT 

..1. A C 20K 1 
1% -vO 

ALTERNATELY 
CONNECT A TO 

CONNECT B TO 

CONNECT C TO 

9, 10 7,8 

1 2 

3 3 
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5, 6 
ALTERNATELY l CONNECT A TO l, 2, 4 THRU 10 

4 CONNECT 0 TO l 3 

3 NO CONNECTION TO B 
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USN ME2 (continued) 

TABLE I GROUP A INSPECTION 

Examination or Test 
MIL -STD· 750 

Method Symbol 

Limits 

Min Max 
Max ~cc 

Unit LTPD Number 

SUBGROUP I 

Visual and Mechanical Examination 

SUBGROUP 2 

Forward Current (each diode - Fig. 2) 
VD-1=10 Vdc 
Vo-2 =10 Vdc 
Vo-4 thru lO = 10 Vdc 

Reverse Current (each diode) 
V1-3 = 10 Vdc 
V2-3 = 10 Vdc 
V 4 thru 10-3 = 10 Vdc 

2071 

4011 

4016 

- 20 -------
nAdc 

13-1 8.3 10.1 
13-2 8. 3 10.1 

13-4 thru 10 8. 3 10.1 
5 4 

µAde 
11-3 0.1 
12-3 0.1 

14 thru 10-3 0.1 ---SUBGROUP 3 

Dllferentlal Voltage (Fig. 2) 
Vo-5 = 10 Vdc, lo-4 = o. 5 mAdc 
Vo-6 = 10 Vdc, lo-4 = o. 5 mAdc 
Vo-7 = 10 Vdc, 10-2 = o. 5 mAdc 
Vo-8 = 10 Vdc, lo-2 = o. 5 mAdc 
V0-9 = 10 Vdc, lo-1 = o. 5 mAdc 
Vo-10 = 10 Vdc, Io-1 = o. 5 mAdc 

SUBGROUP 4 
Capacitance (each diode) 4001 

V1, 2, 4 thru 10-3 = 10 Vdc, f = 100 kc 

Reverse Recovery Time (Fig. 3) 

Connect Pin 3 to C, Pin l to D, 
alternately connect Pins 9 and 10 to B 
Connect Pin :i to C, Pin 2 to D, 
alternately connect P\"s 7 and 8 to B 
Connect Pin 3 to C, Pin 4 to D, 
alternately connect Pins 5 and 6 to B 

4031 

Connect Pin 3 to C, Pin 9 to D. and Pin l to B 
Connect Pin 3 to C, Pin 7 to D, and Pin 2 to B 
Connect Pin 3 to C, Pin 5 to D, and Pin 4 to B 

V4_5 
V4-6 
V2-7 
V2-8 
V1-9 
Vl-10 

Cl, 2, 4, 
thru 10-3 

t2 - t1 

NOTE: Letter subscripts denote test circuit connection points. 
Number subscripts denote device pin connections. 

QUALITY ASSURANCE PROVISIONS 

Qual111cation approval: Required. 

Vdc 
o. 3(. 
0.30 
0. 30 5 
0. 30 
0.30 
0.30 ------

pf 
4 

nsec 

15 5 

15 

15 
15 
15 
15 

Qualification inspection: Group A and group B inspections as shown in Tables I and IL Sampling shall be in 
accordance with Appendix D of MIL-M-23700. 

4 

4 

Quality conformance inspection: Group A and group B inspections as shown in Tables I and II. Sampling for 
group A inspection shall be in accordance with procedure I, Appendix D of MIL-M-23700 •. Procedure IC 
may be used. A device having one or more defects shall be counted as one defective. Sampling for group 
B inspection shall be in accordance with procedure I (procedure IC may be used), of Appendix D of MIL
M-23700, except for life tests which shall be in accordance with procedure IL 

Quality conformance inspection information: When specified in the contract or order, one copy of the quality 
conformance inspection data pertinent to the inspection lot shall accompany the shipments. 
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USN ME2 (continued) 

TABLE II GROUP B INSPECTION 

Mil ·STD· 750 
Limits 

Examination or Test Method Symbol Min Max Unit 

SUBGROUP I 
Physical Dimensions 2066 - - - -

SUBGROUP 2 
Soldering Heat (I Cycle) 2031 - - - -
Temperature Cycling 1051 - -

(T = 175°C) Condition B - -
Thermal Shock 1056 - -

(Glass Strain) Condition A - -
Moisture Resistance 1021 - - - -

End Points: Same As Subgroup 7 

SUBGROUP 3 
Constant Acceleration 2006 - - --1 -

(10,000G, X1, Y1, Y2) 

Shock (SOOG, 1 msec,: 5 blows each in orientation 2016 - - - -
x1, Y l' Y 2' total of 15 blows.) 

Vibration Fatigue 2046 - - - -
(IOG) Non-operating 

Vibration, Variable Frequency 2u56 - - - -
(IOG) 

End Point.!;: Same As Subgroup 7 

SUBGROUP 4 (Notes l, 2) 
Terminal Strength 2036 - - - -

(3 ieacts at random) Condition E 

SUBGROUP 5 (Notes l, 3) 
Salt Atmosphere (Corrosion) 1041 - - - -

SUBGROUP 6 
High Tempecrature Life 1031 - - - -

(TA=l75 C) Non-operating 

~: Same As Subgroup 7 

SUBGROUP 7 
Steady State Operation Life 1026 - -

vr 1 2, 4 thru ~0-~ = lOV, f = 60 cps 
Po (R1) = Po R2 = Po (R3) = 100 mW --1 -

End Points: ~Subgroups 2, 3, 6 and 7) 

Forward Current (Fig. 2) 4011 mAdc.: 
Yo-1 =IO Vdc 13-1 7. 8 10. 6 
Vo-2 '= 10 Vdc 13-2 7. 8 IO. 6 
Yo-4 thru 10 = 10 Vdc 13_4 thrulO 7. 8 IO. 6 

Reverse Current 4016 µAde 
V1_3=10Vdc 11-3 --1 I. 0 
V2-3 = 10 Vdc 12-3 --1 1.0 
V 4 thru 10-3 = .10 Vdc 4 thru 10-1 - I. 0 

rtu1 t. L TesfsTlstecrin-flfese sliDgroups are consTOereaaes ruCf1ve. 
NOTE 2. At the conclusion of the testing in subgroup 4, the device shall be examined 
for evidence of mechanical damage. 
NOTE 3. The device shall be examined for destructive corrosion and illegible marking. 
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M11 Ace 
LTPO Number 

20 5 

20 5 

20 5 

20 5 

20 5 

.\=20 -

A = 20 -
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USN ME3 
MIL-M-23700/3 (NAVY) 

CASE 71 
(T0-5) 

USN ME DTL SERIES 

1-1-1-2 Diode AND Gate. 

ABSOLUTE MAXIMUM RATINGS CTA=25°C) 

Characteristic Symbol 
Forward Current iF 

Reverse Voltage YR 

Total Device Dissipation 
Derate above 25°c 

PD 

Resistor Dissipation (Each Resistor) PD 
Derate above 25°c 

Operating Temperature Range TA 

Storage Temperature Kange Tstg 

ME3 

Rating Unit 
20 mA 

10 Volts 

400 mW 
2.67 mw/ 0 c 

100 mW 
0.67 mw/0 c 

-55 to+l25 oc 

-65 to+ 175 OC 

DIFFERENTIAL VOLTAGE AND FORWARD CURRENT TEST CIRCUIT AND TERMINAL CONNECTIONS 

D IO Vdc 

s2sn r:llt----i 
1% ~ 

0c~ - - ;U%r\ -v6 

TERMINAL TEST CONNECTIONS 
DIFFERENTIAL VOLTAGE 

ALTERNATELY 
CONNECT A TO 8, 9 7 6 

CONNECT B TO 10 1 2 

CONNECT C TO 3 3 3 

11-99 

5 

4 

3 

TERMINAL TEST CONNECTIONS 
FORWARD CURRENT 

ALTERNATELY 
CONNECT A TO 1, 2, 4 THRU 10 

CONNECT D TO 3 

B NOT CONNECTED. 



I 

-- Motorola Integrated Circuits ---

USN ME3 (continued) 

TABLE I GROUP A INSPECTION 

MIL-STD-750 Limits Max Ace 
Examination or Test Method Symbol Min Max Unit LTPO Number 

SUBGROUP I 
20 4 Visual and Mechanical Examination t071 - - - -

Forward Current (each diode - Fig. 2) 40ll nAac 
VD-I= 10 Vdc 13-1 8.3 10. l 
Vn-2 = 10 Ydc I3-2 8.3 10. l 

Yn-4 thru 10 = 10 Vdc 3-4 thru 10 8.3 10. l 
5 4 

Reverse Current (each diode) 4016 µAde 

Yt-3 = 10 Vdc It-3 - 0.1 
V2-3 = 10 Ydc I2-3 - 0. 1 

V 4 thru 10-3 = !O Ydc 14 thru 10-3 - o. 1 

-------SUBGROUP 2 
Differential Voltage (Fig. 2) Vdc 

Vn_ 8 = 10 Vdc, In-lo= 0. 5 mAdc YlQ-8 - o. 30 
5 4 

Vn-9 = 10 Vdc, ID-1 o = !l. 5 mAdc Vt0-9 - 0.30 
Vn_ 7 = 10 Vdc, ~-l = 0. 5 mAdc Yt-7 - o. 30 
VD-6 = 10 Vdc, D-2 = 0, 5 mAdc V2-6 - 0.30 
Vn-5 = 10 Vdc, ID-4 = 0. 5 mAdc V4_5 - 0.30 

-- --- --- ------
SUBGROUP 4 

Capacitance (each diode) 4001 
Ct, 2, 4 

pf 
YI, 2, 4 thru 10-3 =IO Vdc, f = lOOkc 

4 thru 10-3 
Reverse Recovery Time (Fig. 3) 4031 t2 - t1 - nsec 

Connect Pin 3 to C, Pin 10 to D, 
alternately connect Pins 8 and 9 to B - 15 Connect Pin 3 to C, Pin 1 to lJ, - 15 5 4 and Pin 7 to B 
Connect Pin 3 to C, Pin 2 to D, - 15 and Pin 6 to B 
Connect Pin 3 to C, 
and Pin 5 to B 

Pin 4 to D, - 15 

Connect Pin 3 to C, Pin 5 to D, - 15 and Pin 4 to B 
Connect Pin 3 to C, 
and Pin 2 to B 

Pin 6 to D, - 15 

Connect Pin 3 to C, 
and Pin 1 to B 

Pin 7 to D, - 15 

Connect Pin 3 to C, Pin 8 to D, - 15 and Pin 10 to B 

NOTE: Letter denotes test circuit connection points. Number subscripts denote aevice pin 

QUALITY ASSURANCE PROVISIONS 

Qualification approval: Required, 

Qualification inspection: Group A and group B inspections as shown in Tables I and IL Sampling shall be in 
accordance with Appendix D of MIL-M-23700, 

Quality conformance inspection: Group A and group B inspections as shown in Tables I and IL Sampling for 
group A inspection shall be in accordance with procedure I, Appendix D of MIL-M-23700. Procedure IC 
may be used. A device having one or more defects shall be counted as one defective. Sampling for group 
B inspection shall be in accordance with procedure I (procedure IC may be used), of Appendix D of MIL
M-23700, except for life tests which shall be in accordance with procedure II. 

Quality conformance inspection information: When specified in the contract or order, one copy of the quality 
conformance inspection data pertinent to the inspection Jot shall accompany the shipments. 
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USN ME3 (continued) 

TABLE II GROUP B INSPECTION 

MIL·STD-750 
Limits 

Examination or Test Method Symbol Min Max Unit 

SUBGROUP I 
Physical Dimensions 2066 - - - -
SIJBGROUP 2 
Soldering Heat (l Cycle) 2031 - - - -
Temperature Cycling 1051 - -

(T = 175°C) Condition B - -

Thermal Shock 1056 - -
(Glass Strain) Condition A - -

Moisture Resistance 1021 - - - -
End Points: Same As Subgroup 7 

SUBGROUP 3 
Constant Acceleration 2006 - - - -

(10, OOOG, X1, YI, Y2) 

Shock (500G, 1 msec, 5 blows each in orientation 2016 - - - -
x 1, Yl' Y2' total of 15 blows.) 

Vibration Fatigue 2046 - - - -
(lOG) IN-on-operating 

Vibration, Variable Frequency 2056 - - - -
(JOG) 

End Points: Same As Subgroup 7 

SUBGROUP 4 (Notes 1, 2) 
Terminal Strength 2036 - - - -

(3 leads at random) Condition E 

SIJSGROUP 5 (Notes I, ~) 

Salt Atmosphere (Corrosion) 1041 - - - -
SUBGROUP 6 
High TempeJalure Lile 1031 - - - -

(TA=l75 C) Non-operating 

End feints: Same As Subgroup 7 

SUBGROUP 7 
Steady State Operation Life 1026 - -

'"r I 2 4 thru \0-) = 10 Y, 1 = 60 cps 
Pn !Ril = Pn R2 = Pn (R3) = Pn(R4) = 100 mW - -

End Points: (Subgroups 2. 3, 6 and 7) 
Forward Current 4011 mAdc 

Yn-1 = 10 Ydc 13-1 7. 8 10. 6 
v 0 _2 " 10 Ydc '3-2 7. 8 10. 6 
Vo-4 thru tn = 10 Vdc 13-4thru 10 7. 8 10. 6 

Reverse Cur t'ent 4016 µAde 
Yl-3 ° 10 Ydc 11-3 - I. 0 
Y2-3 = 10 Ydc 12-3 - I. 0 
Y4 thru 10-3 = 10 Ydc 14 th.ru 10-3 - 1. 0 

NOTE 1. Tests listed in these subgroups are considered destructive. 
NOTE 2. At the conclusion of the testing in subgroup 4, the device shall be examined 
for evidence of mechanical damage. 
NOTE 3. The device shall be examined for destructive corrosion and illegible marking. 
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!Max Ace 
LTPD Number 

20 5 

20 5 

20 5 

20 5 

20 5 

A=20 -

A= 20 -
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--- Motorola Integrated Circuits ---

USN ME4 
MIL-M-23700/4 (NAVY) 

fi .. I CASE 71 
(T0-5) 

USN ME DTL SERIES 

8-Diode AND Gate. 

ABSOLUTE MAXIMUM RATINGS (TA==25'C) 

Characteristics Symbol 

Forward Current IF 

Reverse Voltae:e VR 

Total Device Dissipation 
Derate above 25°C 

Po 

Operating Temperature Range TA 

Storage Temperature Range Tstg 

TABLE I GROUP A INSPECTION (TA==25'C) 

Mll·STD 
750 

Examination or Test Method Symbol 

SUBGROUP I 

Visual and Mechanical Examination 2071 -

Rating 

20 

10 

IOU 
0.667 

-55 to +125 

-65to+l75 

Limits 

Min Max Unit 

- - -

ME4 

Unit 

mA 

Volts 

mW 
mw/ 0 c 

oc 

oc 

Max Ace 
LTPD Number 

20 4 - -·-------
SUBGROUP 2 

Forward Current (each diode - Fig. 2) 4011 mAdc 
v0 _1 = 10 Vdc 13-1 8. 3 10. 1 
Vo-2 =, 10 Vdc 13_2 8. 3 10. 1 

Vo-4 thru 10 = 10 Vdc 13_4 thru 10 8. 3 10. 1 
5 4 

Reverse Current (each diode) 4016 µAde 
v1_3 = 10 Vdc 11-3 - 0.1 
V2-3 = 10 Vdc 12-3 - 0.1 

V4 thr" 10-3 = 10 Vdc 4 thru 10-3 - 0.1 

-- ---- --- -- ---
SUBGROUP 3 

Vdc Differential Voltage (Fig. 2) 
v0 _5 = 10 Vdc, 10 _4 = o. 5 mAdc V4_5 - 0.30 
v0 _6 = 10 Vdc, 10 _4 = O. 5 mAdc V4_5 - 0.30 

5 4 
VD-7 = 10 Vdc, lo-4 = 0. 5 mAdc V4_7 - 0.30 

V 0 _8 = 10 Vdc, ~-4 = O. 5 mAdc V4_9 - 0.30 
v0 _9 = 10 Vdc, J?,- 4 = o. 5 mAdc V4_9 - o. 30 

V D-10 = 10 Vdc, 0 _4 = 0. 5 mAdc V4-10 - 0.30 

VD-1=10 Vdc, lo-4 = o. 5 mAdc V4_1 - 0.30 
Vo-2 = 10 Vdc, 10 _4 = o. 5 mAdc V4_2 - 0.30 

-- ---- -- - -SUBGROUP 4 

Capacitance (each diode) 4001 
C1, 2, 4 

pf 

V 1, 2, 4 thrul0-3 = lO Vdc, f = 100 kc - 4 
thru 10-3 

Reverse Recovery Time (Fig. 3) 4031 12 - tl I nsec 5 4 

Connect Pin 3 to C, Pin 4 to D, 
alternately connect Pins 1, 2, 5, 6, 7, 8, 

15 9, and 10 to B -
Connect Pin 3 to C, Pin 1 to D, - 15 

and Pin 4 to B 

NOTE: Letter subscripts denote test circuit connection points. 
Number subscripts denote device pin connections. 
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--- Motorola Integrated Circuits --

USN ME4 (continued) 

TABLE II GROUP B INSPECTION 

MIL·STD-750 
Limits 

Examination or Test Method Symbol Min Max Unit LTPO 

~UB'IROUP I 
Physical Dimensions 206ti - - - - 20 

SUBGROUP~ 
Soldering Heat (l Cycle) 2031 - - - -
Temperature Cycling 1051 - -

(T = l75°C) Condition B - -
20 

Thermal Shock 1056 - -
(Glas.• Strain) Condition A - -

Moisture Resistance 1021 - - - -
End Points: Same As Subgroup 7 

SUBGROUP 3 
Constant Acceleration 2006 - - - -

(10, OOOG, x1, YI' Y 2) 

Shock ( 500G, 1 msec, 5 blows each in 2016 - - - -
orientatton 
x1, Y.l' ·Y,,, total of 15 blows.) 20 

Vibration Fatigue 2046 - - - -
(lOG) Non-operating 

Vibration, Variable Frequency 2056 - - - -
(lOG) 

.!::Ed .Points: Same As Subgroup 7 

SUBGROUP 4 (Notes l, 2) 
Terminal Strength 2036 - - - -

(3 leads at ranclom\ Condition E 20 
SUBGROUP 5 (Notes 1, 3) 
Salt Atmosphere (Corrosion) 1041 - - - - 20 

SUBGROUP 6 
High Tempe§ature Life 1031 - -- - - A=20 

(TA= 175 C) Non-operating 
End Points: Same As Subgroup 7 

SUBGROUP 7 
Steaay State Operation Life 1026 - -

\'r 1, 2, 4 thru 10-3"'" lOV, f - 60 cps A=20 
Po=IOOmW - -

End Points: tSubgroups 2, 3, 6 and 7) 

Forward Curl'ent (Fig 2) 4011 mAdc 
v 0 _1 = 10 Ydc 13-1 7. B 10. 6 
v 0 _2 = 10 Yctc 

I 13-2 7. B 10. 6 
V 0-4 thru 10 = 10 Ydc 7. B 10. 6 3-4 thru 10 

P..everse Current 4016 11Adc 
Y1_3 = 10 Yctc 11-3 -· l. 0 
Y2_3 = 10 Ydc 12-3 - 1.0 
V 4 thru 10-3 -= 10 Vdc 14 thru 10-3 - I. 0 

NOTE 1. Tests listed in these subgroups are considered destructive. 
NOTE 2. At the conclusion of the testing in subgroup 4, the device shall be examined 
for evidence of mechanical damage. 
NOTE 3. The device shall be examined for destructive corrosion and illei:iible markinr<. 

DIFFERENTIAL VOLTAGE AND FORWARD CURRENT TEST CIRCUIT AND TERMINAL CONNECTIONS 

Max Ace 
Number 

5 

5 

5 

5 

5 

-

-

TERMINAL TEST CONNECTIONS 
DIFFERENTIAL VOLTAGE 

TERMINAL TEST CONNECTIONS 
FORWARD CURRENT 

ALTERNATELY ALTERNATELY 
CONNECT A TO !, 2, 5 THRU 10 CONNECT A TO 1, 2, 4 THRU 10 

CONNECT B TO 4 CONNECT D TO· 3 

CONNECT C TO 3 B NOT CONNECTED 
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- Motorola Integrated Circuits --

USN MES 
MIL-M-23700/5 (NAVY) 

USN ME DTL SERIES MES 

CASE 71 
(T0-5) R Dual high-speed, NPN transistor inverters. 

ABSOLUTE MAXIMUM RATINGS (TA= 25°C) 

Characteristic 

!'leverse Voltage 

Total Device Dissipation 
Derate above 25°C 

Individual Gate Dissipation 
Derate above 2s0 c 

Resistor Uissipation 
Rl or R2 
Derate above 25°c 
R3 or R4 
Oerate above 2s0 c 

Operating Temperature Rang., 

Storage Temperature Range 

6.5 Vdc 0---~ 

1000 OHMS 

]L 
t, = 11 = 5 nsec max 

PW= lOOnsec 

rep. rate ~ 60 cps 

or 
equiv. 

270 OHMS 

I 

L_ 

Symbol 

Y10-2 
Y5_3 
V5_7 
Vl0-8 

Po 

Po 

Po 

1·A 

'1 stg 

SWITCHING TIME TEST CIRCUIT 

100 ohms 

r--t--t-<>--O OUTPUT 
Cs SCOPE' il t,=lnmmax 

' 

- ~UNIT UNDER TEST 

c 
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Rating Unit 

lu.u Vdc 
10.0 
7.0 
7.0 

250 mW 
1.67 mw/0 c 
125 mW 
0.83 mW/DC 

100 mW 
0.67 mW/°C 

25 mW 
0.17 mw/0 c 

-oo to+ 125 Oc 
-65 to+175 Oc 

TERMINAL a, a, 
A 6 9 

B 7 8 

c 5 10 

0 4 1 

E 3 2 

NOTES 
(1) Turn-on time for the circuit is defined as the time 

interval from a point 10% up from the minimum 
amplitude on the leading edge of the input pulse 
to a point 90% down from the maximum ampli· 
tude on the leading edge of the output pulse. 

(2) Turn-off time for the circuit is defined as the time 
interval from a point 10% down from the max· 
imum amplitude on the trailing edge of the input 
pulse to a point 50% down from the maximum 
amplitude on the trailing edge of the output pulse. 

(3) Adjust C5 to 20 pf (includes scope and stray ca
pacitance.) 



-- Motorola Integrated Circuits --

USN MES {continued) 

TABLE I GROUP A INSPECTION 

MIL·STD-750 
Examination or Test Method Symbol 

SUBGROUP I 
Visual and Mechanical Examination 2Q71 

SUBGROUP 2 • Qi 
Static Input Voltage Drop V5.5 

1.f.5 = 35 mAdc, 15.5 = 1. 5 mAdc 
Collec,or - Emitter Saturation Voltage 

l.f.5 = 35 mAdc, '6-5 = 1. 5 mAdc 
Base - Emitters Conduction Current 

V7.5 = 10 Vdc 

3071 VCE(sat)4-5 

Collector Resistor Current 
v3•4 = 3 Vdc 

Turn-On Time (Fig. 2) 
v7• 5 = ·6. 5 Vdc, V3• 5 = +3 Vdc, Close 
switch S2 

Turn-OU Time (Fig. 2) 
V7.5 = ·6. 5 Vdc, V3.5 = +3 Vdc, Close 
switch s1 

SUBGROUP 3 • Q2 
b"tatlc Input Voltage Drop 

17.5 

11-10 = 35 mAdc, '9-lO = 1. 5 mAdc 

Collector - Emitter Saturation Voltage 
11• 10 = 35 mAdc, Ie-10 = 1. 5 mAdc 

Base-Emitter Conduction Current 
Va.10 = 10 Vdc 

3o7i VCE(sat)l-10 

Collector Resistor Current 
v2_1 • 3 Vdc 

Turn-On Time (Fig. 2) 
Va.JO= -6. 5 Vdc, v2• 10 = +3 Vdc, Close 
switch Sz 

Turn-OU Time (Fig. 2) 
Va.Jo= -6. 5 Vdc, v2_10 = +3 Vdc, Close 
switch s1 

SUBGROUP4 
High Temperature Operation 

Collector - Emitter Cutoff Current 
v3_5 = 10 Vdc, V7.5 = -6. 5Vdc, TA= +65o~ 
V2-10 = 10 Vdc, Va-10 = -6.5Vdc, TA= +85 c 

SUBGROUP 5 
Low Temperature Operation 

DC Forward Current Transfer Ratio 
V 4• 5 = O. 5 Vdc, 1_._ 5 = 35 mAdc, TA = -55°C 
v1•1o = 0. 5 Vdc, '!-JO= 35 mAdc, TA.= -5s0 c 

SUBGROUPS 

3041 

DC Forward - Current Transfer Ratio 3076 
V 4.5 = 0. 5 Vdc, 14 _5 = 35 mAdc 
v1•1o = 0. 5 Vdc, li-lO = 35 mAdc 

Collector ~ Emitter Cutoff Current 
13.5 = 10 Vdc, V7.5 = ·6. 5 Vdc 
12.10 = 10 Vdc, Va. 10 = -6. 5 Vdc 

Reverse Current 
V7.5 = 10 Vdc 
v 8_9 = 10 Vdc 

3041 

4016 

QUALITY ASSURANCE PROVISIONS 
Qualification approval: Requlred. 

1a-10 

12-1 

toff 

13-5 
12-10 

13-5 
'2-10 

Limits Max Ace 
Min/Max Unit LPTD Number 

I 2 I. 7 

0. 35 

50 1.84 

8.82 a.35 

20 

45 

J, 2 1.7 

0.35 

1.50 1~a4 

B.a2 a.35 

15 
15 

35 
35 

20 

45 

0. 05 
o. 05 

JOO 
100 

20 

Vdc 

Vdc 

mAdc 

nlAdc 

nsec 

nsec 

Vdc 

Vdc 

mAdc 

mAdc 

nsec 

nsec 

µAde 5 

µAde 

mAdc 

Qualification inspection: Group A and group B Inspections as shown In Tables I and IL Sampling shall be In 
accordance with Appendix D of MIL-M-23700. 

Quality conformance Inspection: Group A and group B Inspections as shown In Tables I and IL Sampling for 
group A Inspection shall be In accordance with procedure I, Appendix D of MIL-M-23700. Procedure IC 
may be used. A device having one Qr more defects shall be counted as one defective. Sampling for group 
B inspection shall be In accordance with procedure I (procedure IC may be used), of Appendix D of MIL
M-23700, except for life tests which shall be In accordance with procedure IL 

Quality conformance inspection information: When specified in the contract or order, one COPY of the quality 
conformance Inspection data pertinent to the inspection lot shall accompany the shipments. 
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--- Motorola Integrated Circuits ---

USN MES (continued) 

TABLE II GROUP B INSPECTION 

Limits 
MIL ·STD· 750 

Examinatio:1 or Test Method Symbol Min !Max Unit 

SUBGROUP I 
P~ical Dimensions 2066 - - - -
RUBGROUP Z 
SOidering Heat (I Cycle) 2031 - - - -
Temperature Cycling 1051 - -

(T = 175°C) Condition B - -
Thermal Shock 1056 - -

(Glass Strain) Condition A - -
Moisture Resistance 1021 - - - -
End Points: Same As Subgroup 7 

jsUBGROUP 3 
Constant Acceleration 2006 - - - -

(10, OOOG, X1, Y1, Y 2) 

Shock (500G, 1 msec, 5 blows each in orientatiov 2016 - - - -
X1, Yl' Y2, total of 15 blows.) 

Vibration Fatigue 2046 - - - -
(JOG) (N"on-operating 

Vibration, Variable Frequency 2056 - - - -
(IOG) 

End Points: Same As Subgroup 7 

SUBGROUP 4 (Notes l, 2) 
Terminal Strength 2036 - - - -

(3 leads at random) Condition E 

SUBGROUP 5 (Notes l, 3) 
Salt Atmosphere (Corrosion) 1041 - - - -
SUBGROUP 6 
High TempeJ'ature Life 1031 - - - -

(TA= 175 C) Non-operating 
End Points: Same As Subgroup 7 

SUBGROUP 7 

Steadv State Operation Life 1026 - -
V~-R = 6. 3 Vdc, Pin 7 connected to pin 3, 
4 0 i resistor connected between pins 3 and 4, 
5K !? resistor connected between pins 3 and 6 
V2-10 = 6. 3 Vdc, pin 8 connected to pin 2, 
400!1 resi .or connected between pins 1 and 2, 
5 KO resistor connected between pins 2 and 9 - -

End Points: (Subgroups 2, 3, 6, and 7) 
Collector - E.mitte1· Cutoff current 3041 mAdc 

v 3 _5 = 10 Vdc, v 7_5 = -6. 5 Vdc 13-5 - 500 
V2-10 = 10 Vdc, v 8_10 = -6. 5 Vdc 

'2-10 - 500 
Base - Emitter Conctuction Current - mAdc 

v 7_5 = 10 Vdc 
"1-5 l. 33 2.01 

V B-lO = 10 Vdc ls-10 l. 33 2. 01 
Collector Resistor Current - mAdc 

V3_4 = 3 Vdc 13_4 6.06 9. 09 
V2-1 = 3 Vdc 12-1 6. 06 9. 09 

Reverse Current 4016 11Adc 
V7_5 = 10 Vdc 

"i-6 - l. 0 
v 8_9 = 10 Vdc 19_9 - J. 0 

DC Forward Current Transfer Ratio 307G hFE -
V4_5 = 0. 5 Vdc, '4-5 = 35 mAdc 25 -
Vl-10 = 0. 5 Vdc, 11.10 = 35 mAdc 25 -

NOTE 1. Tests listed in these subgroups are considered destructive. 
NOTE 2. At the conclusion of the testing in subgroup 4, the device shall be examined 
for evidence of mechanical damage. 

NOTE 3. The device shall be examined for destructive corrosion and illegible marking. 
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Max Ace 
LTPD Number 

20 5 

20 5 

20 5 

20 5 

20 5 

A=20 -

A=20 -



--- Motorola Integrated Circuits --

USN ME6 
MIL-M-23700/6 (NAVY) 

USN ME DTL SERIES 

9-Diode Common-P Gate. 

CASE 71 
(T0-5) 

MAXIMUM RATINGS,(At25'C) 

Characteristic 

Reverse Voltage (Each Diode) 

Total Device Current 
(Derate 2mA/' C) 

Individual Diode Current 
(Derate 2mA/' C) 

Operating Temperature Range 

TABLE I GROUP A INSPECTION 

MIL-ST0-750 
Examination or Test Method 

SUBGROUP I 
Visual and Mechanical 
Examination 2071 

SUBGROUP 2 

Forward Voltage 40U 
IFl-2 thru 10 = 300 mAdc 

Reverse Current 4016 

V R2 thru 10-1 = 20 Vdc 

Breakdown Voltage 
~2 thru I0-1 = 10 µAde 

SUBGROUP 3 

Junction Capacitance 4001 
V2 thru I0-1 = lOVdc, f = lOOkc 

Reverse Recovery Time 4031 
(IF= 300mAdc, IR 10 thru 2-1 = Condition B 
60mAdc1 ~:iiJ':eir RL = 2. 5 n, Scope Input 

at IR/3) Capacitances 4pf) 

Symbol 

YR 
---

IF 

---
IF 

---.,. 
'A 

Symbol 

-

VFl-2 thru 10 

IR2 thru 10-1 

VR2 thru 10-1 

C2 thru 10-1 

rr IO thru 2-1 

11-107 

Rating 

40 

300 

300 

-65 to +175 

Um its 

Min Max 

- -

- 1. 2 

- 2.0 

40 -

- 8.0 

- 90 

ME6 

• 
Unit 

Volts 

mA 

mA 

'C 

Max Ace 
Unit LTPD Number 

- 20 4 

Vdc 

µAde 5 4 

Vdc 

pf 

nsec 
5 4 



-- Motorola Integrated Circuits ---

USN ME6 (continued) 

TABLE II GROUP B INSPECTION 

Limits 
MIL-STD-750 MH Ace 

Examination er Test Method Symbol Min Max Unit LTPD Namb1r 

SUBGROUP I 

Physical Dimensions 2066 - - - - 20 

SUBGROUP 2 

Soldering Heat (I Cycle) 2031 - - - -
Temperature Cycling 1051 - -(T = 175°C) Condition B - -

20 
Thermal Shock 1056 - -(Glass Strain) Condition A - -
Moisture Resistance 1021 - - - -

End Points: Same As Subgroup 7 

SUBGROUP3 

Constant Acceleration 2006 - - - -
(10, OOOG, X1, YI' Y 2) 

Shock (SOOG, 1 msec, 2016 - - - -
5 blows each in orientation 

20 x1, YI' Y2, total of 15 blows.) 

Vibration Fatigue 2046 - - - -
(JOG) Non-operating 

Vibration, Variable Frequency 2056 - - - -
(JOG) 

End Points: Same As Subgroup 7 

SUBGROUP 4 (Notes I, 2) 

Terminal Strength 2036 - - - -
(3 leads at random) Condition E 20 

SUBGROUP 5 (Notes 1, 3) 

Salt Atmosphere (Cl>rroslon) 1041 - - - - 20 

SUBGROUP 6 

High Tempesature Life 1031 - - - - k=20 
(TA= 175 C) Non-operating 

End Points: Same As Subgroup 7 

SUBGROUP 7 

Steady State Operation Life 1026 - - A= 20 lei 2thru 10-1 = 300 mAdc, I = 60 cps - -
•rl-2 thru 10=32 Vdc 

End Points: (Subgroups 2, 3, 6, and 7) 

Forward Voltage 4011 Vdc 
lr1-2 thru 10 = 300 mAdc Vr1-2 thru 10 - 1. 5 

Reverse Current 4016 µAde 
VR2 thru 10-1 = 20 Vdc 1R2 thru I 0-1 - 20 

NOTE 1. Tests listed in these subgroups are considered destructive. 
NOTE 2. At the conclusion of the testing in subgroup 4, the device shall be examined 
for evidence of mechanical damage. 
NOTE 3. The device shall be examined for destructive corrosion and illegible marking. 
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5 

5 

5 

5 

-
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--Motorola Integrated Circuits --

USN ME7 
MIL·M-23700/7 (NAVY) 

CASE 71 
(T0-5) R 

USN ME DTL SERIES 

9-Diode Common-N Gate. 

ABSOLUTE MAXIMUM RATINGS (At25"C) 

Characteristic Rating Unit 

Reverse Voltage (Each Diode) YR 40 

Total Device Current IF 300 
(Derate 2mA/ C) 

Individual Diode Current IF 300 
(Derate 2mA/ C) 

Operating Temperature Range TA -65to+175 

TABLE I GROUP A INSPECTION 

MIL-STD· 750 Limits 

Examination or Test Method Symbol Min Max 

SUBGROUP I 

Visual and Mechanical Examination 2071 - - -
SUBGROUP 2 

Forward Voltage 40ll VF 2 thru 10-1 
IF 2 thru 10-1 = 300mAdc - !. 2 

Reverse Current 4016 1a l - 2 thru 10 
Va l - 2 thru 10 = 20Vdc - 2.0 

Breakdown Voltage Va l - 2 thru 10 
la l - 2 thru 10 = 10 µAde 40 -

SUBGROUP 3 

Junction Capacitance 4001 C1 - 2 thru 10 
Vi - 2 thru 10 = !OVdc, f = 100 kc - 8.0 

Reverse Recovery Time 4031 trrl -10 thru 2 
(IF = 300mAdc, Ia 1 _ 10 thru 2 = Condition B - 90 
60mAdc (Except trr 
RL = 2. !in, 'Scope Input measured 
Capacitance :s 4pf) at IR/3) 
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ME7 

Symbol 

Volts 

mA 

mA 

•c 

Max Ace 
Unit LTPD Number 

- 20 4 

Vdc 

µAde 5 4 

Vdc 

pf 

nsec 5 4 
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--- Motorola Integrated Circuits ---

USN ME7 (continued) 

TABLE II GROUP B INSPECTION 

MIL·STD-750 
Limits 

Examination or Test Method Symbol Min Max Unit 

SUBGROUP I 

Physical Dimensions 2066 - - - -
SUBGROUP 2 

Soldering Heat (l Cycle) 2031 - - - -
Temperature Cycling 1051 - -

(T = 175°C) Condition B - -
Thermal Shock 1056 - -

(Glass Strain) Condition A - -
Moisture Resistance 1021 - - - -

End Points: Same As Subgroup 7 

SUBGROUP 3 

Constant Acceleration 2006 - - - -
(10, OOOG, X1, Y1, Y 2) 

Shuck {500G, l msec, 5 blows each 2016 - - - -
in orientation 
x1, Yl' Y2, total of 15 blows.) 

2046 - - - -Vibration Fatigue Non-operating (lOG) 

Vibration, Variable Frequency 2056 - - - -(lOG) 

End Points: Same As Subgroup 7 

SUBGROUP 4 (Notes 1, 2) 

Terminal Strength 2036 - - - -
{3 leads at random) Condition E 

SUBGROUP 5 (Notes 1, 3) 

Salt Atmosphere (Corrosion) 1041 - - - -
SUBGROUP 6 

High Temperature Life 1031 - - - -
(TA= 175°C) Non-operating 

~: Same As Subgroup 7 

SUBGROUP 7 

Steady State Operation Life 1026 - -
I o l-2 thru IO= 300 mAdc, 

vr 2 thru 10-l"' 32 V. f 60 cps - -
End Points: (Subgroups 2, 3, 6, and 7) 

Forward Voltage 4011 Vctc 
IF 2 lhru 10-1 = 300 mAdc VF 2 thru 10-l - [. 5 

Reverse Current 4016 µAde 
YR 1-2 lhru 10"' 20 Vdt· 1R 1-2 thru IO - 20 

NOTE 1. Tests listed in these subgroups are considered destructive. 
NOTE 2. At the conclusion of the testing in subgroup 4, the device shall be examined 
for evidence of mechanical damage. 
NOTE 3. The device shall be examined for destructive corrosion and illegible marking. 

11-1 l 0 

Max Ace 
LTPO Number 

20 5 

20 5 

20 5. 

20 5 

20 5 

>.=20 -

>. = 20 -



-- Motorola Integrated Circuits --

USN MES 
MIL-M-23700/8 (NAVY) 

USN ME DTL SERIES 

CASE 71 
(T0-5) 

16-Diode Series/Parallel Matrix. 

ABSOLUTE MAXIMUM RATINGS (At25'Cl 

Characteristic Symbol Rating 

RPver•e Voltage (Each Diode) ..2- 40 

Total Device Current IF 300 
(Derate 2mA/ Cl ---

Individual Diode Current IF 300 
(Derate 2mA/ C) ---Operating Temperature Range TA -65to+l75 

TABLE I GROUP A INSPECTION (At25'C) 

MIL·STD-750 
Limits 

Examination or Test Method Symbol Min Max 

SUBGROUP 
Visual and Mechanical Examination 2071 - - -
SUBGROUP 2 

Forward Voltage 4011 
IF2 thru 5-1 = 300 mAdc VF2 thru 5-1 - 1. 2 
In thru 10_1 z 300 mAdc Vn thru 10-1 - 1. 2 

IF6-2 thru 5 = 300 mAdc VF6-2 thru 5 - 1. 2 
1F6-7 thru 10 =3oo mAdc VF6-7 thru 10 - 1. 2 

Reverse Current 4016 
VRl-2 thru 5 = 20 Vdc IRl-2 thru 5 - 2. 0 

VRl-7 thru 10 = 20 Vdc IRl-7 thru 10 - 2. 0 
V R2 thru 5_6 = 20 Vdc 1R2 thru 5-6 - 2. 0 

VR7 thru 10-6 = 20 Vdc 1R7 thru 10-6 - 2. 0 

Breakdown Voltage 
IRl-2 thru 5 = 10 µAde VRl-2 thru 5 40 -
IRl-7 thru 10 = 10 µAde VRl-7 thru 10 40 -
IR2 thru 5-6 = 10 µAde VR2 thru 5-6 40 -
IR7 thru 10-6 = 10 µAde V R7 thru 10-6 40 -
SUBGROUP~ 
Capacitance 4001 
V2 thru 5-6 = 10 Vdc, f== 100 kc C2 thru 5-6 - l6. 0 
V7 thru 10-6 = 10 Vdc, f = 100 kc C7 thru 10-6 - 16. 0 
V1-2 thru 5 = 10 Vdc, f = 100 kc C1.2 thru 5 - 16. 0 
v1 _7 thru lO = 10 Vdc, f = lOOkc cl-7 thru 10 - 16. 0 

Reverse Recovery Time 4031 
IF6-2 thru 5 = 300 mAdc, IR= 60 mAdc Condition B trr 6-2 thru 5 - 90 
IF6-7 thru 10 = 300 mAdc, IR= 60 mAdc /Except trr trr 6-7 thru 10 - 90 

IF2 thru ~-1 = 300 mAdc, IR= 60 mAdc, measured 
RL = 2. fl, Scope Input capacitance at IR/3) 
::S 4 pf trr 2 thru 5-1 - 90 

IF7 thr~ ~0-1 = 300 mAdc, IR = 60 mAdc, 
RL = • fl, Scope input capacitance 
S4 pf lrr 7 thru 10-1 - 90 
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MES 

• 
Unit 

Volts 

mA 

mA 

'C 

Max Accl 
Unit LTPD Number 

- 20 4 

Vdc 

µAdtj 

5 4 

Vdc 

. I 

pf 

nsec 
5 4 
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-- Motorola Integrated Circuits --

USN MES (continued) 

TABLE II GROUP B INSPECTION 

MIL-ST0-750 
Limits 

Examination or Test Method Srmbol Min Max Unit 

SUBGROUP I 
Physical Dimensions 2066 - - - -
SUBGROUP 2 
Soldering Heat (I Cyr.le) 2031 - - - -
Temperature CvcliJY!: 1051 - -

(T = 175°CJ Condition B - -
Thermal ShocK 1056 - -

(Glass Strain) Condition A - -
Moisture Resistance 1021 - - - -

End Points: Same As Subgroup 7 

SUBGROUP 3 
Constant Acceleration 2006 - - - -

(JO, OOOG, x1, YI' Y 2) 

Shock (500G. l mser,, 5 blows each in orientation 2016 - - - -
x 1, Yp Y2, total of 15 bJ.ows.) 

Vibration Fatigue 2046 - - - -
(JOG) Non-operating 

Vibration, Variable Frequency 2056 - - - -
(JOG) 

End Points: Same As Subgroup 7 

SUBGROUP 4 (Notes 1, 2) 
Terminal Strength 2036 - - - -

(3 leads at random) Condition E 

SUBGROUP 5 (Notes l, 3) 
Salt Atmosphere (Corrosion) 1041 - - - -
SUBGROUP 6 
High Temperature Life i031 - - - -
(TA~ 175°C) Non-Operating 

~: Same As Subgroup 7 

SUBGROUP 7 

Steady State Operation Life 
1026 - - -Connect pins 2, 3, 4, 5, 6, 7, a, 9, and 

10 together, connect resistors from pin 6 to 
ground and from pin l to ground (0) 
v2-o = 32 Vac. 12-6 = 300 mA, 12-1 = 300 mA, 

f = 60 cps (currents are average for 1/2 cycle) 

End Points: (Subgroups 2, 3, 6, and 7) 

Forward Voltage 4011 Vdc 
IF2 thru 5-1 = 300 mAdc VF2 thru 5-1 - 1. 5 
IF7 thru 10-1 = 300 mAdc VF7 thru 10-l - 1. 5 
1F6-2 thru 5 = 300 mAdc VF6-2 thru 5 - 1. 5 
'F6-7 thru 10 = 300 mAdc VF6-7 thru 10 - 1. f: 

Reverse Current 4016 µAde 
VRl-2 thru 5 = 20 Vdc IRl-2 thru 5 - 20 
VRl-7 thru 10 = 20 Vdc 'm-7 thru 10 - 20 
VR2 thru 5-6 = 20 Vdc IR2 thru 5-6 - 20 
VR7 thru 10-6 = 20 Vdc IR7 thru 10-6 - 20 

NOTE 1. Tests listed in these subgroups are considered destructive. 
NOTE 2. At the conclusion of the testing in subgroup 4, the device shall be examined 
for evidence of mechanical damage. 
NOTE 3. The device shall be examined for destructive corrosion and illegible marking. 
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-- Motorola Integrated Circuits ---

MC 1111 DTL series 

CASE 71 
(T0-5) 

Type 

MCllll 

MC1112 

MC1113 

MC1114 

MC1115 

MC1116 

MC1117 

MC1118 

RI 
Monolithic integrated Diode Transistor Logic circuits 

designed to provide all the basic logic functions in a 
digital computer. The MCllll Series is intended for 
high-speed computer applications with a temperature 
range of -55 to +125°c. 

Recovery Switching Time Power 
Time ton to ff Dissipation 

Description (nsec) (nsec) (nsec) (mW) 

3-4 Diode AND Gate 15 - - 200 

2-2-2 Diode AND Gate 15 - - 300 

1-1-1-2 Diode AND Gate 15 - - 400 

8-Diode AND Gate 15 - - 100 

Dual Inverters - 20 45 250 

9-Diode Common-P Gate 90 - - -
9-Diode Common-N Gate 90 - - -
16-Diode Series/Parallel Matrix 90 - - -
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-- Motorola Integrated Circuits --

Mc1111 MC1111-MC1118 DTL SERIES 

3-4 Diode AND Gate. 

MAXIMUM RATINGS (TA= 25°C unless otherwise noted) 

Characteristic Symbol Rating Unit 

Forward Current IF 20 mA 

Reverse Voltage VR 10 Volts 

Total Device Dissipation PD 200 mW 
Derate above 25°c 1.33 mw/0 c 

Resistor Dissipation (Each Resistor) PD 100 mW 
Derate above 25°c 0.67 mw/0 c 

Operating Temperature Range TA -55to+125 oc 

Storage Temperature Range Tstg -65to+175 oc 

CIRCUIT SCHEMATIC 

D, 
6 5 

D, 
7 

R, lK 
D, 

8 

3 
D, 

9 

D, 
10 

R, lK 
D, 

I 
D, 

2 4 

4 DIODE "AND" GATE 
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--- Motorola Integrated Circuits --

MC 1111 (continued) 

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

Characteristic Symbol Min Max Unit 

Forward Current (each diode - Fig. 2) mAdc 
VD-1 = 10 Vdc 13_1 8.3 10.1 
Vo-2 = 10 Vdc 13_2 8.3 10.1 
Vo-4 thru 10 = 10 Vdc 13_4 thru 10 8.3 10.1 

Reverse Current (each diode) µAde 
Vl-3 = 10 Vdc 11-3 - 0.1 
Y2-3 = 10 Vdc 12-3 - 0.1 
V 4 thru 10-3 = 10 Vdc 14 thru 10-3 - 0.1 

Differential Voltage (Fig. 2) Vdc 
Vo-6 = 10 Vdc, lo-5 = 0.5 mAdc V5_5 - 0.30 
Vo-7 = 10 Vdc, lo_ 5 = 0.5 mAdc V5_7 - 0.30 
Vo-8 = 10 Vdc, 10 _5 = 0.5 mAdc · V5_9. - 0.30 
Vo-1 = 10 Vdc, 10 _4 = 0.5 mAdc V4_1 - 0.30 
Vo-2 = 10 Vdc, 10 _4 = 0.5 mAdc V4_2 - 0.30 
Vo_ 9 = 10 Vdc, 10 _4 = 0.5 mAdc V4_9 - 0.30 
Vo-10 = 10 Vdc, lo-4 = 0.5 mAdc V4-10 - 0.30 

Capacitance (each diode) C1, 2, pf 
Vi, 2, 4 thru 10-3 = 10 Vdc, f = 100 kc 4 thru 10-3 - 4 

Reverse Recovery Time (Fig. 3) 12 - t1 nsec 
Connect Pin 3 to C, Pin 4 to D, 
alternately connec~ Pins 1, 2, 9, and 10 to B - 15 

Connect Pin 3 to C, Pin 5 to D, 
alternately connect Pins 6, 7, and 8 to B - 15 

Connect Pin 3 to C, Pin 2 to D, and Pin 4 to B - 15 

Connect Pin 3 to C, Pin 6 to D, and Pin 5 to B - 15 

NOTE: Letter subscripts denote test circuit connection points. 
Number subscripts denote device pin connections. 

DIFFERENTIAL VOLTAGE ANO FORWARD CURRENT TEST CIRCUIT ANO TERMINAL CONNECTIONS 

TERMINAL TEST CONNECTIONS 
DIFFERENTIAL VOLTAGE 

TERMINAL TEST CONNECTIONS 
FORWARD CURRENT 

ALTERNATELY 
CONNECT A TO 6, 7, 8 1. 2, 9, & 10 

CONNECT B TO 5 4 

ALTERNATELY 1 CONNECT A TO l, 2, 4 THRU 10 

CONNECT D TO 3 

CONNECT C TO 3 3 NO CONNECTION TO B 
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--- Motorola Integrated Circuits ---

Mcll12 MC1111-MC1118 DTL SERIES 

2-2- 2 Diode AND Gate. 

MAXIMUM RATINGS (TA= 25°C unless otherwise noted) 

Characteristic Symbol Rating Unit 

Forward Current IF 20 mA 
----

Reverse Voltage VR 10 Volts 

Total Device Dissipation PD 300 mW 
Derate above 25°c 2 mw/0 c 

Resistor Dissipation (Each Resistor) Po 100 mW 
Derate above 25°c 0.67 mw/0 c 

Operating Temperature Range TA -55 to+ 125 oc 

Storage Temperature Range Tstg -65to+175 oc 

2 - 2 - 2 DIODE "AND" GATE 
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-- Motorola Integrated Circuits --

MCl 112 (continued) 

ELECTRICAL CHARACTERISTICS (TA:=: 25°C unless otherwise noted 

Characteristic Srmbol Min Max Unit 

Forward Current (each diode - Fig. 2) mAdc 
Vo-1 = 10 Vdc 13-1 8.3 10.1 
VD-2 = 10 Vdc 13-2 8.3 10.1 
Vo-4 thru 10 = 10 Vdc 13-4 thru 10 8.3 10.1 

Reverse Current (each diode) µAde 

Vt-3 = 10 Vdc lt-3 - 0.1 

V2-3 = 10 Vdc 12_3 - 0.1 

V 4 thru 10-3 = 10 Vdc 14 thru 10-3 - 0.1 

Differential Voltage (Fig. 2) Vdc 
Vo-5 = 10 Vdc, ID-4 = 0.5 mAdc V4_5 - 0.30 
Vo-6 = 10 Vdc, 10 _4 = 0.5 mAdc V4_5 - 0.30 
Vo-7 = IO Vdc, 10 _2 = 0.5 mAdc v2-7 - 0.30 
Vo-8 = 10 Vdc, 10 _2 = 0.5 mAdc V2-8 - 0.30 

Vo-9 = 10 Vdc, 10 _1 = 0.5 mAdc Vt-9 - 0.30 

Vo-10 = 10 Vdc, 10 _1 = 0.5 mAdc vl-10 - 0.30 

Capacitance (each diode) pf 

VJ, 2, 4 thru 10-3 = 10 Vdc, f = 100 kc cl, 2, 4, thru 10-3 - 4 

Reverse Recovery Time (Fig. 3) t2 - ti nsec 

Connect Pin 3 to C, Pin 1 to D, 
alternately connect Pins 9 and 10 to B - 15 

Connect Pin 3 to C, Pin 2 to D, 
alternately connect Pins 7 and 8 to B - 15 

Connect Pin 3 to C, Pin 4 to D, 
alternately connect Pins 5 and 6 to B - 15 

Connect Pin 3 to C, Pin 9 to D, and Pin I to B - 15 

Connect Pin 3 to C, Pin 7 to D, and Pin 2 to· B - 15 

Connect Pin 3 to C, Pin 5 to D, and Pin 4 to B - 15 

NOTE: Letter subscripts denote test circuit connection points. 
Number subscripts denote device pin connections. 

DIFFERENTIAL VOLTAGE AND FORWARD CURRENT TEST CIRCUIT AND TERMINAL CONNECTIONS 

TERMINAL TEST CONNECTIONS 
DIFFERENTIAL VOLTAGE 

TERMINAL TEST CONNECTIONS 
FORWARD CURRENT 

ALTERNATELY 
CONNECT A TO 9, 10 7, 8 5, 6 

CONNECT B TO I 2 4 

ALTERNATElY 

± 
CONNECT A TO I, 2, 4 THRU 10 

CONNECT D TO 3 

CONNECT C TO 3 3 3 NO CONNECTION TO B 
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--- Motorola Integrated Circuits ---

MC 1113 MC1111-MC1118 DTL SERIES 

1-1-1-2 Diode AND Gate. 

MAXIMUM RATINGS (TA= 25°C) 

Characteristic Symbol Rating Unit 

Forward Current IF 20 mA 

Reverse Voltage VR 10 Volts 

Total Device Dissipation PD 400 mW 
Derate above 25°c 2.67 mw/0 c 

Resistor Dissipation (Each Resistor) Po 100 mW 
Derate above 25°C 0.67 mw/0c 

Operating Temperature Range TA -55 to+ 125 oc 

Storage Temperature Range Tstg -65 to+175 OC 

I CIRCUIT SCHEMATIC 

9 8 6 5 

D, D, D, D, D, 

R, R, R, R, 

IK IK 

3 

IO 2 4 

1 - 1 - 1 - 2 DIODE "AND" GATE 
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--- Motorola Integrated Circuits --

MCl 113 (continued) 

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

Characteristic Symbol Min Max UAlt 

Forward Current (each diode - Fig. 2) mAdc 
Vo-1 = 10 Vdc 13-1 8.3 10.l 
Vo-2 = 10 Vdc 13-2 8.3 10.1 

Vo-4 thru 10 = 10 Vdc 13-4 thru 10 8.3 io.i 

Reverse Current (each diode) µ.Ade 

Vi-3 = io Vdc li-3 - 0.1 

V2-3 = io Vdc 12-3 - o.i 

V 4 thru 10-3 = 10 Vdc 14 thru i0-3 - o.i 

Differential Voltage (Fig. 2) Vdc 

Vo-8 = 10Vdc,10 -io = 0.5 mAdc Vi0-8 - 0.30 
Vo-9 = io Vdc, lo-io = 0.5 mAdc Vio-9 - 0.30 
Vo-7 = io Vdc, Io-i = 0.5 mAdc Vi-7 - 0.30 
Vo-6 = io Vdc, Io-2 = 0.5 mAdc V2-6 - 0.30 

Vo-5 = io Vdc, lo-4 = 0.5 mAdc V4_5 - 0.30 

Capacitance (each diode) pf 

Vi, 2, 4 thru io-3 = 10 Vdc, f = ioo kc Ci, 2, 4 thru io-3 - 4 

Reverse Recovery Time (Fig. 3) t2 - ti nsec 

Connect Pin 3 to C, Pin 10 to D, 
alternately connect Pins 8 and 9 to B - i5 

Connect Pin 3 to C, Pin i to D, and Pin 7 to B - i5 

Connect Pin 3 to C, Pin 2 to D, and Pin 6 to B - i5 

Connect Pin 3 to C, Pin 4 to D, and Pin 5 to B - i5 

Connect Pin 3 to C, Pin 5 to D, and Pin 4 to B - i5 

Connect Pin 3 to C, Pin 6 to D, and Pin 2 to B - i5 

Connect Pin 3 to C, Pin 7 to D, and Pini to B - 15 

Connect Pin 3 to·C, Pin 8 to D, and Pin io to B - 15 

NOTE: Letter denotes test circuit connection points. 
Number subscripts denote device pin connections. 

DIFFERENTIAL VOLTAGE AND FORWARD CURRENT TEST CIRCUIT AND TERMINAL CONNECTIONS 

TERMINAL TEST CONNECTIONS 
DIFFERENTIAL VOLTAGE 

TERMINAL TEST CONNECTIONS 
FORWARD CURRENT 

ALTERNATELY ALTERNATELY 
CONNECT A TO 8, 9 7 6 5 CONNECT A TO 1, 2, 4 THRU 10 

CONNECT B TO 10 l 2 4 CONNECT 0 TO 3 

CONNECT C TO 3 3 3 3 B NOT CONNECTED. 
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-- Motorola Integrated Circuits --

Mcl 114 MCll ll-MCl 118 DTL SERIES 

8-Diode AND Gate. 

MAXIMUM RATINGS (TA= 25°C) 

Characteristic Symbol Rating Unit 

Forward Current IF 20 mA 

Reverse Voltage VR 10 Volts 

Total Device Dissipation PD 100 mW 
Derate above 25°c 0.667 mW/°C 

Operating Temperature Range TA -55 to + 125 oc 

Storage Temperature Range Tstg -65 to +175 oc 

I CIRCUIT SCHEMATIC I 
10 9 8 6 5 

o, D, D, D, D, D, D, 

R = 1 K 

D, 

8 DIODE "AND" GATE 
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-- Motorola Integrated Circuits --

MCl 114 (continued) 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

Forward Current (each diode - Fig. 2) mAdc 
VD-1 = 10 Vdc 13-1 8.3 10.1 
Vo-2 = 10 Vdc 13-2 8.3 10.1 

VD-4 thru 10 = 10 Vdc 13-4 thru 10 8.3 10.1 

Reverse Current (each diode) µAde 
Yt-3 = 10 Vdc 11-3 - 0.1 
v 2_3 = 10 Vdc 12-3 - 0.1 

V 4 thru 10-3 = 10 Vdc I4 thru 10-3 - 0.1 

Differential Voltage (Fig. 2) Vdc 
Vo-5 = 10 Vdc, 10 _4 = 0.5 mAdc V4_5 - 0.30 
Yo-6 = 10 Vdc, 10 _4 = 0.5 mAdc V4_5 - 0.30 
VD-7 = 10 Vdc, Io-4 = 0.5 mAdc V4_7 - 0.30 
Vo-8 = 10 Vdc, lo-4 = 0.5 mAdc V4-8 - 0.30 
Vo-9 = 10 Vdc, ID-4 = 0.5 mAdc V4_9 - 0.30 
VD-10 = 10 Vdc, 10 _4 = 0.5 mAdc v4-to - 0.30 
VD-1 = 10 Vdc, lo-4 = 0.5 mAdc Y4_1 - 0.30 
Yo-2 = 10 Vdc, 10 _4 = 0.5 mAdc V4_2 - 0.30 

Capacitance (each diode) pf 
V1, 2, 4 thru 10-3 = 10 Vdc , f =100 kc C1, 2, 4 thru 10-3 - 4 

Reverse Recovery Time (Fig. 3) t2 - ti nsec 

Connect Pin 3 to C, Pin 4 to D, 
alternately connect Pins 1, 2, 5, 6, 7, 8, 9, and 10 to B - 15 

Connect Pin 3 to C, Pin 1 to D, and Pin 4 to B - 15 

NOTE: Letter subscripts denote test circuit connection points. 
Number subscripts denote device pin connections. 

D lOVdc 

525 !! f---1111-i 
1% ~ 0- ~ 

TERMINAL TEST CONNECTIONS 
DIFFERENTIAL VOLTAGE 

TERMINAL TEST CONNECTIONS 
FORWARD CURRENT 

ALTERNATELY ALTERNATELY 
CONNECT A TO 1. 2, 5 THRU 10 CONNECT A TO 1, 2, 4 THRU 10 

~ ~ CONNECT B TO 4 

CONNECT C TO 3 

CONNECT D TO 3 

B NOT CONNECTED 

DIFFERENTIAL VOLTAGE AND FORWARD CURRENT TEST CIRCUIT ANO TERMINAL CONNECTIONS 
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-- Motorola Integrated Circuits --

Mc1115 MC1111-MC1118 DTL SERIES 

Dual high-speed, NPN transistor inverters. 

MAXIMUM RATINGS (TA= 25'C) 

Characteristic Srmbol Rating 

Reverse Voltage 

V10-2 10.0 
V5_3 10.0 
V5_7 7.0 
Vl0-8 7.0 

Total Device Dissipation Po 250 
Derate above 25°e 1.67 

Incli vi dual Gate Dissipation Po 125 
Derate above 25°e 0.83 

Resistor Dissipation Po 
Rl or R2 100 
Derate above 25°c 0.67 

R3 or R4 25 
Derate above 25°e 0.17 

Operating Temperature Range TA -55 to +125 

Storage Temperature Range Tstg -65 to +175 

CIRCUIT SCHEMATIC 

3 2 

Storage Diode 

R, 5.6 K 

R, 400 

Q, 

Gnd 

HIGH-SPEED DUAL INVERTER 

11-122 

8 
Gnd 

IO 

UnH 

Vdc 

mW 
mw/0 e 

mW 
mw/0 e 

mW 
mW/0 e 

mW 
mw/0 e 

De 

Oe 



-- Motorola Integrated Circuits --

MC 1115 (continued) 

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

Characteristic Symbol Min Max Unit 

Static Input Voltage Drop Vdc 
14_5 = 35 mAdc, 16_5 = 1.5 mAdc Q1 V5_5 1.2 1. 7 
11-10 = 35 mAdc, 19-10 = 1.5 mAdc Q2 V9_10 1.2 I. 7 

Collector-Emitter Saturation Voltage Vdc 
14_5 = 35 mAdc, 15_ 5 = 1.5 mAdc Q1 V CE(sat) 4-5 - 0.35 
11-10 = 35 mAdc, 19_10 = 1.5 mAdc Q2 VcE(sat) 1-10 - 0.35 

Base-Emitter Conduction Current mAdc 
V7_5 = 10 Vdc Ql 17-5 1.50 1.84 
V8-10 = 10 Vdc Q2 18-10 1.50 1.84 

Collector Resistor Current mAdc 
Y3-4 = 3 Vdc Q1 13-4 6.82 8.35 
V2-1 = 3 Vdc Q2 12-1 6.82 8.35 

Collector-Emitter Cutoff Current µAde 
V3_5 = 10 Vdc, v7_5 = -6.5 Vdc 13-5 - 0.05 
V3_5 = 10 Vdc, V7_5 = -6.5 Vdc, TA = +85°C 13-5 - 3 

V2-lO = 10 Vdc, V 8-10 = -6.5 Vdc 12-10 - 0.05 

V2-10 = 10 Vdc, v8_10 -6.5 Vdc, TA = +85°C 12-10 - 3 

Reverse Current nA 
V7_5 = 10 Vdc 17_5 - 100 
V8-9 = 10 Vdc 18-9 - 100 

DC Forward Current Transfer Ratio hFE -
V 4-5 = 0.5 Vdc, 14_5 = 35 mAdc 35 -
V 4-5 = 0.5 Vdc, 14_5 = 35 mAdc, TA= -55°c 15 -
V1-10 = 0.5 Vdc, 11-lO = 35 mAdc 35 -
V 1-10 = 0.5 Vdc, 11_10 = 35 mAdc, TA = -55°c 15 -

Turn-On Time (Fig. 2) ton nsec 
v7_5 = -6.5 Vdc, v3_5 = +3 Vdc, close switch s2 Q1 - 20 
V8-10 = -6.5 Vdc, v2_10 =+3 Vdc, close switch s2 Q2 - 20 

Turn-Off Time (Fig. 2) toff nsec 
V7_5 = -6.5 Vdc, V3_5 = +3 Vdc, close switch S1 Ql - 45 
V8-10 = -6.5 Vdc, v2_10 = + 3 Vdc, close switch S1 Q2 - 45 

NOTE: Number subscripts denote device pin connections 
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-- Motorola Integrated Circuits --

MC1111-MC1118 DTL SERIES Mc1116 
MC 1117 
Mc)J)8 Multi-diode Gates. The MC1116 is a 9-Diode Com

mon-P Gate, theMC1117 is a 9-DiodeCommon-N Gate 
and the MC1118 is a 16-Diode Series/Parallel Matrix. 

MAXIMUM RATINGS (All Types at 25'C) 

Characteristic Symbol Rating Unit 

Reverse Voltage (Each Diode) VR 40 Volts 

Total Device Current Ip 300 mA 
(Derate 2mA/" C) 

Individual Diode Current Ip 300 mA 
(Derate 2mA/°C) 

Operating Temperature Range TA -65to+175 •c 

2 3 4 5 6 7 8 9 10 

MC1116 (common P) 

2 3 4 5 6 9 10 

MC1117 (common N) 
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--Motorola Integrated Circuits --

MCl 116, MCl 117, MCl 118 (continued) 

ELECTRICAL CHARACTERISTICS r Each Diode J-(25°C unless otherwise noted) 

Characteristic Symbol Min Max 

Forward Voltage VF 
IF= 300mAdc --- 1. 2 

---
Reverse Current JR 

VR = 20Vdc --- 2.0 
---

Breakdown Voltage VR 
JR = 10 µAde 40 ---

--- ---
Junction Capacitance Ci 

VR = lOVdc, f = lOOKC 
MC1116, MC1117 --- 8.0 
MC!ll8* --- 16. O* --- ---

Reverse Recovery Time trr 
(IF = 300mAdc, IR = 60mAdc, --- 90 
RL = 2.5 Q, Scope Input Capacitance :S4pf) 

* The actual capacitance of the individual diodes in the MC1118 is the same as in 
the MC1116/7. However, the measured capacitance is higher as shown, due 
to the series/parallel effects of the interconnection scheme. 

MC1118 (MATRIX) 

6 

8 9 10 

11-125 

Unit 

Vdc 

---
µAde 

---
Vdc 

---
pf 

---
nsec. 



--- Motorola Integrated Circuits --

MC 90 8 series MC908. MILLIWATT RTL SERIES 

fl 
The Milliwatt RTL Line consists of seven monolithic, 

integrated Resistor-Transistor Logic circuits. These 
devices are designed for use over the full mi 1 it a r y 
temperature range of -55 to +1250C. 

MC908G Adder 

MC909G Buffer 

CASE 96 MC910G Dual 2-Input Gate 

The mW RTL series MC911G 4-Input Gate 

MC912G Half-Adder 

MC913G Type D Flip-Flop 

MC921G Gate Expander 

MAXIMUM RATINGS (TA== 25"C) 

Characteristic Rating Unit 

Maximum Applied Voltage to pin 8 12 Vdc 
(pulsed, $ l sec) 

Maxin1um Applied Voltage to pin 8 8 Vdc 
(continuous) 

Maximum Applied Voltage to any input ±4 Vdc 

Operating Temperature Range -55 to +125 'e 

Storage Temperature Range -65 to +150 'e 

Maximum Power Dissipation 250 mW 

TEST CONDITION TOLERANCES 

vee = tlOmV VIN = +2mV 

VLL = + 2mV VON = ±2mV 

VBOT = +lOmV VOFF = ±2mV 

VRL = +l% VRH = ±l% 
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--- Motorola Integrated Circuits --

MC908 MILLIWATT RTL SERIES 

LOADING DIAGRAM (TOP VIEW) 

VALID FOR V CC z 3. 00 VOLTS± 10% AND TA -55° C to +125° C 

MC908G MC909G 

MC910G MC911G 

MC912G MC913G 

l l-127 
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Mc908G 
ADDER 

,-- Motorola Integrated Circuits --

mW RTL SERIES 

The MC908 is an RTL Adder. The binary half
adder function can be performed by connecting pin 1 to 
pin 3 and pin 2 to pin 5. The sum is available on pin 7 
while the carry is available on pin 6. The device may 
also be used as a data selector by connecting pin 1 to 
pin 3 and using pins -2 - and 5 as data inputs. A full 
adder can be made utilizing two MC908s andoneMC911. 
Average power dissipation is lOMW at 25°C. 

ELECTRICAL CHARACTERISTICS 

Test -55 . 970 . 935 1. 8 . 650 3. 00 . 500 
Condition: +25 . 805 . 750 1. 8 . 450 3. 00 . 400 MC908G 
(Volts) +125 . 590 . 555 I. 8 . 260 3. 00 . 300 

Test Limits 

Charac· 
Symbol -ss•c +2s 0 c +12s•c Pin No. V1N VoN VeoT" VoFF Vee VLL Gnd. Open 

teristics in ( ) Pin Pin Pin Pin Pin Pin Pin Pin Min Max Min Max Min Max Unit 

Input !IN(!) I 2 8 3, 4, 5 6, 7 125 130 110 11Adc· 
Current 

1JN (2) 
2 I 8 3, 4, 5 6, 7 125 130 110 µAde 

. 8 !IN (3) 3 8 1, 2, 4, 5 6, 7 100 104 88 11Ad<· 

. 8 !IN (5) 5 8 1,2, 3, 4 6, 7 100 104 88 11Adc 

Output 
Current 

IA3 (6) 6 3, 5 8 1, 2, 4 7 350 364 308 1rAdC' 

IA4 (7) 7 I 3, 5 8 2, 4 6 475 494 418 µAde 

IA4 (7) 7 2 3, 5 8 I, 4 6 475 494 418 11Ade 

Saturation VCE (6) 3 5 8 1, 2, 4 6, 7 220 220 220 rnVdc· 
Voltage 

VCE (6) 5 3 8 1, 2, 4 6, 7 220 220 220 mVdc 

VCE (7) !, 2 8 3, 4, 5 6, 7 220 220 220 mVdl' 

V CE (7) 6 1, 2, 3, 5 8 4 7 220 220 220 mVde 

Output VOUT (?) 6 1, 2, 3, 5 8 4 7 620 300 230 mVde 
Voltage 

Leakage IL (8) 8 I, 2, 3, 4, 5 6, 7 100 100 100 11AdC" 
Current 

Switl'hing Pulse Pulse 
'fime In Out 

Turn-On 
t3+7-

3 7 2, 5 8 I, 4 6 80 nsee 
Delay 

Turn-Off 
Delay 

t3-7+ 3 7 2, 5 8 I, 4 6 100 nse<" 

SWITCHING TIME WAVE FORM 

. iA''~':·t-__ =-7\0=T t v~ J t3+7-\ ... J'· ..... 5_v __ _ 
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-- Motorola Integrated Circuits --

MC908G (continued) 

500 ns 

6 = (3"+5) = 3· 5 
7 = (1+2) (3+5) 

3.6K 

SWITCHING TIME TEST CIRCUIT 

51 

20pf 

T.P. 1.8V 

1N3063 Or 
Equiv. 

LOGIC SYMBOLS AND FUNCTIONS (PER MIL·STD·BO&Bj 
8 8 

4 

POSITIVE LOGIC 

CIRCUIT DIAGRAM 

11-129 

4 

NEGATIVE LOGIC 

T.P. 

750.Q 

1N3063 Or 
Equiv. 

Ground 
Unused 
Input Pin 

6 = (3. 5°) = 3+5 
7=1·2+3·5 

R1 = 1. 5K Typical 

R2 = 3. 6K Typical 

I 
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Mc909G 
BUFFER 

-- Motorola Integrated Circuits --

mW RTL SERIES 

The MC909 is an RTL Buffer designed to drive a 
greater number of loads than the basic Resistor Tran
sistor Logic circuit. Returning an input resistor to 
V CC allows for capacitive coupling in multivibrator 
anadifferentiator applications. Average power dissi-
pation at 2S6C and 50% duty cycle is 10 mW. 

ELECTRICAL CHARACTERISTICS 

Test -55 • 970 • 935 I. 8 • 650 3. 00 4. 27K~ MC909G Condition: +25 • 805 . 750 I. 8 • 450 3. 00 4. 3K.Q 
(Volts) +125 • 590 • 555 I. 8 • 260 3. 00 5K.Q 

Symbol Test Limits 
Charac· Pin No. VrN VoN VaoT· VOFF Vee VRH* Gnd. o~.en -55°C +25°C +125°C 
teristics in( ) Pin Pin Pin Pin Pin Pin Pin m Min Max Min Max Min Max Unit 
Input 2l!N (2) 2 3 8 4 I, 5, 6, 7 250 260 220 µAde 

Current 

2l!N (3) 3 2 8 4 1, 5, 6, 7 250 260 220 µAde 

Output 1AB (6) 6 2,3 8 4 l, 5, 7 3. 75 4. 0 3.3 mAdt• 
Current 

Output VOUT (6) 2 8 6 3,4 1, 5, 7 620 300 230 rnVdc 
Voltage 

VOUT (6) 3 8 6 2,4 1, 5, 7 620 300 230 mVdc 

Saturation VCE (6) 2 8 6 3,4 1, 5, 7 220 220 220 mVdc 
Voltage 

VCE (6) 3 8 6 2,4 1,5, 7 220 220 220 mVdc 

Leakage 1L (8) 8 2, 3, 4 1, 5, 6, 7 JOO JOO JOO µAde 
Current 

Swifrhing Pulse Pulse . 
Time In Out 

Turn-On 13+6-
3 6 8 2,4 1, 5, 7 90 nsec 

Delay 

Turn-OH 13-6+ 3 6 8 2,4 1, 5, 7 70 nsec 
Delay 

• Resistor to V CC 

LOGIC SYMBOLS AND FUNCTIONS (PER MIL·STD-8068) 

8 8 

6 6 

4 

POSITNE LOGIC NEGATIVE LOGIC 
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MC909G (continued) 

500 ns 

--Motorola Integrated Circuits --

CIRCUIT DIAGRAM 

4 

SWITCHING TIME TEST CIRCUIT 

4 

I20pf 

SWITCHING TIME WAVE FORM 

11-131 

Typical 
Resistors: 
R1 =1.5K 

R2 = 3.6K 

R3 = 100.Q 

T.P. 

240pf 220.Q 

Ground Unused 
Input Pin 

I 
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-- Motorola Integrated Circuits --

Mc910G mW RTL SERI ES 

DUAL 2 - INPUT GATE 

The MC910 Dual (2-2) Input Gate consists of a pair of 
NOR Gates. It may also be used as a pair of inverters, 
a double inverter or as an R-S Flip-Flop. Average 
power dissipation at 25°C is 4 mW. 

ELECTRICAL CHARACTERISTICS 

TC'S( -55 • 970 . 935 1. 8 . 650 3. 00 . 500 
Condition: +25 . 805 . 750 1. 8 . 450 3. 00 . 400 MC910G 
(Volts) +125 • 590 . 555 I. 8 . 260 3. 00 . 300 

Test Limits 
Symbol -ss•c +2s•c +t2s•c Charac· Pin No. V1N VoN Vaor VoFF Vee VLL Grounded o~_en terlstics in( ) Pin Pin Pin Pin Pin Pin Pin in Min Max Min Max Min Max Unit 

Input !IN (I) 1 2 8 3, 4, 5 6, 7 125 130 110 µAdC' 
Current 

!IN (2) 2 I 8 ' 3, 4, 5 6, 7 125 130 110 µAd<' 

!IN (3) 3 5 8 1, 2, 4 6, 7 125 130 110 µAde 

!IN (5) 5 3 8 1,214 6, 7 125 130 110 µAde 

Output 
Current 

1A4/1AM (7) 
7 3 I, 2 8 4, 5 6 475 730 494 815 418 830 µAde 

1A4/AM (6) 
6 2 3, 5 8 I, 4 7 475 730 494 815 418 830 µAde 

Output VOUT (7) I 8 2,3, 4, 5 6, 7 620 300 230 mVdc 
Voltage 

VOUT (7) 2 8 1, 3, 4, 5 6, 7 620 300 230 mVdc 

VOUT (6) 3 8 1, 2, 4, 5 6, 7 620 300 230 mVdc 

VOUT (6) 5 8 1, 2, 3,4 6, 7, 620 300 230 mVdc 

Saturatidn VCE (6) 3 8 1, 2, 4, 5 6, 7 220 220 220 mVdc 
Voltage 

VCE (6) 5 8 1, 2, 3,4 6, 7 220 220 220 mVdc 

VCE (7) I 8 2, 3, 4, 5 6, 7 220 220 220 mVdc 

VCE (7) 2 8 1, 3, 4, 5 6, 7 220 220 220 mVdc 

Leakage 1L (8) 
. 

8 1,2, 3, 4, 5 
Current 

6, 7 JOO JOO 100 µAde 

Swifrhing Pulse Pulse 
Time In Out 

Turn-On 11+7-
I 7 8 2, 3,4,5 6 40 nsec 

Delay 

Turn-Off 11-7+ I 7 8 2, 3, 4, 5 6 50 nsec 
Delay 

SWITCHING TIME WAVE FORM 
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-- Motorola Integrated Circuits --

MC91 OG (continued) 

7= 1+2 

6= 3+5 

LOGIC SYMBOLS AND FUNCTIONS (PER MIL·STD-8068) 

8 €),8 

7 2 6 2 6 

3 5 
4 4 

Positive Logic 

CIRCUIT DIAGRAM 

8 

Negative Logic 

7 = 1· 2 

6 = 3· 5 

2 O---"JV'.,_ ____ _, 

3.6K 

51Q 

1. 5K 

2N709 

Pulse In 

_n_ 
-1 r- 1N3063 

500 ns Or 
Equiv. 

-= 

4 

SWITCHING TIME TEST CIRCUIT 

T.P. 

1. 5K 

20pf 

-= -= 

11-133 

Typical r Resistors 
R1 =1. 5K 

16pf 

R2=3. 6K 

T. P. 

750Q 

1N3063 Or 
Equiv. 

Ground 
Unused 
Input Pins I 
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Mc911G 
4 INPUT GATE 

-- Motorola Integrated Circuits -

mW RTL SERIES 

The MC911 4-Input Gate provides the NOR function 
on pin 6 and the OR function on pin 7. Average power 
dissipation at 25°C is 4 mW. 

ELECTRICAL CHARACTERISTICS 

Test -55 . 970 . 935 I. 8 .650 3. 00 • 500 MC911G Condition: +25 . 805 . 750 I. 8 .450 3. 00 . 400 
(Volts) +125 . 590 . 555 1.8 . 260 3. 00 . 300 

sr:ibol 
Test Limits 

Charac· P n No. V1N VoN Vaor VoFF Vee VLL ~rDU!1d8~ O~en -55°C +2s•c +12s•c 
teristics In( ) Pin Pin Pin Pin Pin Pin Pin in Min Max Min Max Min Max Unit 
Input 11N (I) I 2,3,5 8 

Current 
4 6, 7 125 130 110 µAd<· 

1IN (2) 2 1,3,5 8 4 6, 7 125 130 110 /lAdc 

1IN (3) 3 1,2,5 8 4 6, 7 125 130 110 µAde 

1IN (5) 5 1, 2,3 8 4 6, 7 125 130 110 µAde 

Output 
Current 

1A3 (6) 6 1,2,3, 5 8 4 7 350 364 308 µAde 

1A4/1AM (7) 7 6 8 1,2, 3,4, s 475 730 494 815 418 830 µAde 

Output VOUT (6) I 8 2,3,4, 5 6, 7 620 300 230 mVdc 
Voltage 

Your (6) 2 8 1,3,4,5 6, 7 620 300 230 mVdc 

VOUT (6) 3 8 1,2,4, 5 6, 7 620 300 230 mVdc 

VOUT (6) 5 8 1,2,3, 4 6, 7 620 300 230 mVdc 

VOUT (7) 6 8 1,2, 3,4, 5 7 620 300 230 mVdc 

Saturation VCE (6) I 8 2,3,4, 5 6, 7 220 220 220 mVdc 
Voltage 

VCE (6) 2 8 1,3, 4,5 6, 7 220 220 220 mVdc 

VCE (6) 3 8 1,2,4,5 6, 7 220 220 220 mVdc 

VCE (6) 5 8 1,2,3,4 6, 7 220 220 220 mVdc 

VCE (7) 6 8 1,2, 3,4, 5 7 220 220 220 mVdc 

Leakage 1L (8) 8 1,2,3,4, 5 6, 7 100 100 100 µAde 
Current 

Switching Pulse Pulse 
Time In Out 

Turn-On 11-7- I 7 8 2,3,4, 5 6 70 nsec 
Delay 

Turn-Of 11+7+ 
I 7 8 2,3, 4, 5 6 90 nsec 

Delay 

SWITCHING TIME WAVE FORM 
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MC911 G (continued) 

JL 
-ll-

500 ns 

7 = 1+2+3+5 

6 = 1+2+3+5 

-- Motorola Integrated Circuits --

SWITCHING TIME TEST CIRCUIT 

MC911G 

CIRCUIT DIAGRAM 
8 

750.Q 

1N3063 Or 
Equiv. 

Ground 
Unused 

Input Pins 

Typical Resistors: 
4 R1 =1. 5K 

R2 = 3.6K 

LOGIC SYMBOLS AND FUNCTIONS (PER Mll·STD-8068) 

8 

7 

6= 1·2·3·5 

4 

POSITIVE LOGIC 

4 

NEGATIVE LOGIC 
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Mc912G 
HALF-ADDER 

--Motorola Integrated Circuits --

mW RTL SERIES 

The MC912 is an RTL Half-Adder. By applying the 
complement of pins 1 and 2 to pins 3 and 5, the SUM 
and NOT SUM functions of a binary half-adder are pro
duced on pin 7 and 6 respectively. Average power dis
sipation at 25°C is 8 mW. 

ELECTRICAL CHARACTERISTICS 

Test -55 . 970 . 935 I. 8 • 650 3, 00 . 500 MC912G 
Condition: +25 . 805 . 750 I. 8 . 450 3, 00 • 400 
(Volt.:)_ +125 . 590 . 555 I. 8 • 260 3. 00 . 300 

Symbol 
Test Limits 

Charac- Pin No. V1N VoN Vsor VoFF Vee Vu G,nd. O/;en -ss•c +2s 0 c +12s•c 
teristics in( ) Pin Pin Pin Pin Pin Pin l'in m M.in Max Min Max Min .Max Unit 

Input 1IN (I) I 2 8 3, 4, 5 6, 7 125 130 110 µAde 
Current 

1IN (2) 2 I 8 3, 4, 5 6, 7 125 130 110 µAde 

1IN (3) 3 5 8 1,2, 4 6, 7 125 130 110 µAdC' 

1IN (5) 5 3 8 1,2, 4 6, 7 125 130 l!O µAde 

Output 
Current 

1A3 (7) 7 !, 3 8 2, 4, 5 6 350 364 308 µAde 

1A3 (7) 7 2, 5 8 1, 3, 4 6 350 364 308 µAde 

IA4 (6) 6 8 1,2,3, 4, 5 7 475 494 418 µAde 

Output VOUT (6) 7 1, 2, 3, 5 8 4 6 620 300 230 mVdc 
Voltage 

Saturation VCE (6) 7 1, 2, 3, 5 8 4 6 220 220 220 mVdc 
Voltage 

VCE (7) 3, 5 I, 2 8 4 6, 7 220 220 220 mVdc 

VCE (7) I, 2 3, 5 8 4 6, 7 220 220 220 mVde 

Leakage 1L (8) 8 1, 2, 3, 4, 5 6, 7 100 100 100 11Ade 
Current 

Switching Pulse Pulse 
Time In Out 

Turn-On t1+6- 1 6 5 8 2, 3, 4 7 100 nset• 
Delay 

Turn-Of tl-6+ 1 6 5 8 2, 3, 4 7 80 nsec 
Delay 

LOGIC SYMBOLS AND FUNCTIONS (PER MIL·STD·806B) 

7 = (1+2) (3+5) 

6 = I·'2'+3·1i 4 

POSITIVE LOGIC 
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4 
NEGATIVE LOGIC 

7=1·2+3·5 

6 = (I+2) (3+5) 



MC912G (continued) 

500 ns 

--- Motorola Integrated Circuits --

CIRCUIT DIAGRAM 

'--------+-+---+---+------+---04 

1N3063 
Or 

Equiv. 

SWITCHING TIME TEST CIRCUIT 

T.P. 

20pf 

SWITCHING TIME WAVE FORM 

1. av 

Typical Resistors: 
R1 =1.5K 

R2 =3.6K 

750 !} 

1N3063 Or 
Equiv. 

Ground 
Unused 
Input Pins 

11-63+ I L ~tl+6-· · + v _) u 
-~--~------
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- Motorola Integrated Circuits --

Mc913G 
FLIP-FLOP 

DIRECT INPUT (l) 

6 5 

L L NC NC(2) 
L H L H 
H L H L 
H H L L 

mW RTL SERIES 

The MC913 RTL Type D Flip-Flop is a storage ele
ment that stores the state of pin 2 during negative tran
sitions of pin 1. The flip-flop is not affected by changes 
of pin 2 during either the low or high state of the clock. 
Using pins 3 and 7 as inputs produces a standard R-S 
flip-flop. Average power dissipation at 25°C is 12 mW. 

LOGIC SYMBOLS AND FUNCTIONS (PER MIL·STD·806B) 

GATED INPUT (3) 

t = n t =- n + 1 

2 6 2 6 

H H L 
L L H 

l. PIN l MUST BE lilGH 
2. NC • NO CHANGE 
3. PINS 3 AND 7 MUST BE 4 

LOW 

CIRCUIT DIAGRAM 

TYPICAL RESISTORS: R1 =l. 5K R4 =180 !1 

~ =3.6K R5 •480!1 
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--Motorola Integrated Circuits --

MC913G (continued) 

ELECTRICAL CHARACTERISTICS 

Test -55 . 970 . 935 !. 8 . 650 3. 00 . 500 
Condition: .25 . 805 . 750 !. 8 . 450 3. 00 . 400 MC913G 
(Volts) <125 . 590 . 555 !. 8 . 260 3, 00 . 300 

Symbol 
Test Limits 

Charac- Pin No. V1N VoN Veer Vo FF Vee VLL Grounded Open -ss•c 
teristics in ( ) Pin Pin Pin Pin Pin Pin Pin Pin Min Max 

Input 1IN (2) 
. 2 I 8 3, 4, 7 5, 6 125 

Current 
1IN (3) 

. 3 2 1 8 4, 7 5, 6 125 

1IN (7) 
. 7 1 8 2, 3, 4 5, 6 125 

!. 8 !IN(!) 1 8 2, 3, 4, 7 5, 6 225 

1. 8 IIN (I) 1 2 8 3, 4, 7 5, 6 225 

Output 
Current 

1A3 (5) 
5 1 2, 7 3 8 4 6 350 

1A3 (6) 
6 1 3 7 8 2, 4 5 350 

1A3 (5) 
. 5 7 !, 3 8 2, 4 6 350 

1A3 (6) 
. 6 2 3 1, 7 8 4 5 350 

Output VOUT (5) 3 !, 7 8 2, 4 5, 6 620 
Voltage 

VOUT (6) 7 !, 3 8 2, 4 5, 6 620 

''ouT (5) ' ! B 2, 3, 4, 7 ' n2n 

VOUT (6) 5 1 8 2, 3, 4, 7 6 620 

Saturation VCE (5) 3 1, 7 8 2, 4 5, 6 220 
Voltage 

VCE (6) 7 !, 3 8 2, 4 5, 6 220 

VCE (5) 6 1 8 2, 3, 4, 7 5 220 

VCE (6) 5 1 8 2, 3, 4, 7 6 220 

VCE (5) 
. 2 7 1 8 3, 4 5, 6 220 

VCE (6) 
. 3 !, 2 8 4, 7 5, 6 220 

Leakage 1L (8) 
8 1, 2, 3, 4, 7 5, 6 100 

Current 

Switching Pulse Pulse Pulse Pulse 
Time In Out 1 In 2 In 

11-6-
.. 1 6 8 3, 4, 7 5 

tl-6+ 
.. 1 6 8 3, 4, 7 5 

11-5-
.. 1 5 8 3, 4, 7 6 

11-5+ 
.. 1 5 8 3, 4, 7 6 

12+1- 6 1 2 8 3, 4, 7 5 

tl-2- 6 1 2 8 3, 4, 7 5 

t2-1- 6 1 2 8 3, 4, 7 5 

11-2+ 6 1 2 8 3, 4, 7 5 

*The voltage applied to pin 1 will change from VRL to specified value prior to making measurements. 

** Tie Pin 2 to pin 5. 

11-139 

+2s 0 c 
Min Max 

130 

130 

130 

234 

234 

364 

364 

364 

364 

300 

300 

~no 

300 

220 

220 

220 

220 

220 

220 

100 

80 

120 

80 

120 

60 

30 

60 

30 

+t2s•c 
Min Max Unit 

110 µAd(' 

110 µAdl' 

110 µAde 

198 11Ade 

198 11Adc 

308 µAde 

308 11Adr 

308 µAde 

308 µAde 

230 mVd(' 

230 mVdc 

2~n rnVrlr-

230 mVdc 

220 mVdc 

220 mVde 

220 mVdc 

220 mVdc 

220 mVdc 

220 mVdc 

100 µAde 

user 

nsec 

nsec 

nsec 

nsec 

nsec 

nsec 

nsec 
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-- Motorola Integrated Circuits --

MC913G (continued) 

Variable Delay Be
tween Pulse 1 and 
Pulse 2 

3.6K 
51.Q 

1. 5K 
2N709 

Pulse In 

SWITCHING TIME TEST CIRCUIT 

(t2+1-, 12-1-, 11-2-, 11-2) 

T. P. T.P. 

20pf 

SWITCHING TIME TEST CIRCUIT 

T. P. 

T.P. 

SWITCHING TIME WAVE FORM 

_r;;;.,.. _ _l 
!.P.::in.:....:;.1 ____ ___,/ ~~-I\. 5V 
-~~~~~~~-1....'---,!~~~~-
Pin 6 

Pin 5 

Pin 5 

Pin 6 

11-140 

Ground Unused 
Input Pins 

Ground 
Unused 

T. P. 

Input Pins -= 

SWITCHING TIME WAVE FORM 



-- Motorola Integrated Circuits--· -

Mc921G mW RTL SERIES 

GATE EXPANDER 

The MC921G Gate Expander is designed to increase 
the fan-in capability of the MC910 and MC911 Gates. 
Average power dissipation is considered negligible. 

ELECTRICAL CHARACTERISTICS 

Test -55 . 970 • 935 1. 8 • 650 . 300 4. 27K.Q 2.BK.Q MC921G Condition: +25 . 805 . 750 1. 8 . 450 • 300 4. 3K.Q 2. 7K.Q 
(Volts) +125 . 590 . 555 1. 8 . 260 • 300 5KQ 3KQ 

symbol Test Limits 
Charac· Pm No. YIN VON Ve or VoFF Vee VoM* VRL* Grounded ofie 

-ss•c +2s•c +t2s•c 
teristics in( ) Pin Pin Pin Pin Pin Pin Pin Pin ID Min Max Min Max Min Max 

Input 1IN (I) I 2 8 7 3, 4, 5 6 125 130 l 110 
Current 

1IN (2) 2 I 8 7 3, 4, 5 6 125 130 110 

11N (3) 3 5 8 6 1, 2,4 7 125 130 110 

1IN (5) 5 3 8 6 1, 2, 4 7 125 130 110 

Output VOUT (7) I 8 7 2, 3, 4, 5 6 620 300 230 
Voltage 

VOUT (7) 2 8 7 1, 3, 4, 5 6 620 300 230 

VOUT (6) 3 8 6 1, 2, 4, 5 7 620 300 230 

VOUT (6) 5 8 6 1, 2, 3, 4 7 620 300 230 

Saturation VCE (6) 3 8 6 1, 2, 4, 5 7 220 220 220 
Voltage 

VCE (6) 5 8 6 1, 2, 3, 4 7 220 220 220 

VCE (7) I 8 7 2, 3, 4, 5 6 220 220 220 

VCE (7) 2 8 7 1, 3, 4, 5 6 220 220 220 

'Output 1CEX (7) 
7 I, 2 8 3, 4, 5 6 5 5 5 

Current 
1cEX (6) 

6 3, 5 8 1,2, 4 7 5 5 5 

Leakage 1L (6, 7, 8) b, 7' 8 1, 2, 3, 4, 5 JOO IOO IOO 
Current 

*Resistor to Vee 

NOTES FOR THE USE OF THE MC921G 

1. The input loading factor of the expanded gate is 1. 33. 
2. Pin 8 of the MC921G must be connected to V cc· 
3. The output loading factor of the expanded gate is 

decreased 0. 5 load for every added node. 
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Unit 

µAde 

µAde 

µAde 

µAde 

mVdc 

mVdc 

mVdc 

mVdc 

mVdc 

mVdc 

mVdc 

0mVdc 

µAde 

µAde 

µAde 
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MC921 G (continued) 

V:cc 

1. 33 

2 

--- Motorola Integrated Circuits ---

USE OF GATE EXPANDER 

4.0~ 

~ 

CIRCUIT DIAGRAM 

Rl 

R1 = 1. 5K 

Typical 

u--~'''"''~-------~ ~--------~""'~-~2 

4 
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--Motorola Integrated Circuits --. 

Mc400 series 
TTL SERIES 

MC4Ql 

MC402 

Mc401 

CASE 83 

1 

l 

Monolithic integrated Transistor-Transistor Logic 
circuits for high-speed logic applications requiring 
high fan-out into high-capacitance lines. The MC400 
Series operates over the full military temperature 
of -55 to +125°C. 

Series MC400 T•L Circuits FAN·OUT 
STORAGE TIME DELAY TIME 

TYPICAL TYPICAL 

8-Input NAND/NOR Gate 15 30 nsec 15 nsec 

Dual 4-lnput NAND/NOR Gate 15 30 nsec 15 nsec 

MC400 TTL SERIES 

8-0Input Transistor-Transistor Logic NAND/NOR 
Gate. 

&·INPUT NANO/NOR GATE NOR GATE 

14 

11 

12 

When VH = logical "0" ! ef\- ·~,.,~~·'·~···~~ 
109_} 

NANO GATE 

When VH = logical "1" 

1ef'I-·~ <· .,.,.,.,. , •• , ... • NAm 

109_) 
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--·Motorola Integrated Circuits -

MC 401 (continued) 

ELECTRICAL CHARACTERISTICS 

Characteristic Minimum Maximum Unit 

Output "On" Voltage 
112 = 20 mA 

v 1, v 2, v 3, v 4, v7, v 8, v 9 and v 10 = 2.ov -- 0.5 Vdc 

Output "Off• Voltage 

112 = -2 mA 

v 1, v 2, v3, v4, v 7, vs, v9 or v 10 = o. s v 2.4 -- Vdc 

Unused pins = open 
Input Leakage Current 

v 1, v 2, v 3,v4, v 7, vs, v 9 or v 10 = 4. 5 v -- 150 µA 

All unused pins at 0 

Grounded Input Current 

v 1, v 2, v 3, v 4, v 7, vs, v 9 or v 10 = o v -- -1. 6 mA 

Grounded Output Current 

v 1, v 2, v 3, v 4, v 7, vs, v 9 and v 10 ,v12 = o v -20 -45 mA 

Power Drain 

v 1, v 2, v 3, v 4, v 7, vs, v 9 or v 10 = o v -- 3 mA 

V1, V2, v 3, V 4 , v 7, VS,Vg• and v 10 =open -- 5 mA 

Switching Characteristics 

Fan-Out 1 and 15 (worst Case) 

Storage Time 
Co = 150 pf -- 65 nsec 
Co= 600 pf 100 nsec 

Rise Time 
C0 = 150 pf -- 45 nsec 
Co 600 pf -- 70 nsec 

Delay Time 
C0 = 150 pf -- 50 nsec 
Co= 600 pf -- so nsec 

Fall Time 

I 
C0 = 150 pf -- 35 nsec 
Co= 600 pf -- 50 nesc 
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-- Motorola Integrated Circuits --

Mc402 MC400 TTL SERIES 

~ Dual 4-Input Transistor-Transistor Logic NAND/ 
NOR Gate. 

CASE 83 

ELECTRICAL CHARACTERISTICS 

Characteristics Minimum Maximum Units 

Output "On" Voltage 
12 = 20 mA, v 1, v 12; y13 and v 14 = 2. OV --- 0.5 Vdc 

110 = 20 mA, v 6, v 7, Va and v 9 = 2. o v --- 0.5 Vdc 

Output "Off" Voltage 
12 = -2 mA, v 1, v 12, v 13 and v 14 = o. av 2.4 --- Vdc 

110 = -2mA, v 6, v 7, va and v 9 = o. av 2.4 --- Vdc 

Input Leakage Current 

v 1, v 12, v 13 or v 14= 4. 5 Vdc --- 150 µA 

V 6, V 7, Va or V 9 = 4. 5 Vdc --- 150 µA 

All unused inputs at 0 V 

Grounded Input Current 

v 1, v 12, v 13 or v 14 = o v --- -1. 6 mA 

v 6,v7,va, orv9 =ov --- -1. 6 mA 

Grounded Output Current 
v 1, v 12, v 13 and v 14 = o v v2 = ov -20 -45 mA 

v 6, V7, Va and v 9 = OV VlO = 0v -20 -45 mA 

Power Drain 
v 1, v 12, v 13 or v 14 and v6, v 7, Va or v 9 = o v -- 6 mA 

v 1, v 12, v13 and v 14 and v 6, v 7, Va,andV9 =open -- 12 mA 
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--Motorola Integrated Circuits --

MC402 (continued) 

SWITCHING CHARACTERISTICS 

Characteristic Min Max Unit 

Fan-Out= 1 and 15 (worst case) 

Storage Time 

C0 =150pf -- 65 nsec 

C0 =600pf -- 100 nsec 

Rise Time 

C0 =150pf -- 45 nsec 

C0 =600pf -- 70 nsec 

Delay Time 

C0 =150pf -- 50 nsec 

C0 =600pf -- 80 nsec 

Fall Time 

co= 150 pf -- 35 nsec 

C0= 600 pf -- 50 nsec 

DUAL 4·1NPUT NANO/NOR GATE 

1~.---,. 
13 
14--~ 

NOR GATE 
When VH =logical "0" 

.---~ 
I I 

I 
I 

11 
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NANO GATE 
When VH =logical "1" r---: 

1 I 
12 I 
U /-_.1~- =1· 12• 13• 14=NAND 

-;:,a,__*"-
~ "-.:.--10- =6· 7· 8· 9=NAND 

9 



-- Motorola Integrated Circuits --

MOTOROLA LINEAR CIRCUITS 

Linear Integrated Circuits 

MClllO Emitter-Coupled Amplifier 

MC1513F A/D Ladder Network 

MC1519 Wideband Differential Amplifier 

MC1524 

MC1525 

MC1526 

MC1527 

MC1528 

1 W Power Amplifier 

NPN Differential Amplifier 

NPN Darlington-Input Differential Amplifier 

PNP Differential Amplifier 

PNP Darlington-Input Differential Amplifier 
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-- Motorola Integrated Circuits ---

MclllO LINEAR CIRCUIT SERIES Gr = 22 db @ 100 Mc 
NF = 6 db @ 100 Mc 

Emitter-coupled, integrated circuit linear amplifier 
for IF and RF applications. Frequency range is DC to 
300 MC. 

MAXIMUM RATINGS (at25°CambientJ 

Characteristic 

Power Supply Voltage 

Power Supply Voltage 

Total Power Dissipation 
(Derate 5 mw/0 c above TA = 25°C) 

Operating Temperature Range 

Storage Temperature Range 

Maximum Input Level (RMS) 

\ 
\ 

" R, / 

' / -- -
/"CAN" 

I 

DC CHARACTERISTICS TEST CIRCUIT 

V,,o-~---t MClllO 

v. 

Symbol Rating Unit 

~ 10 Vdc 

VEE 14 Vdc 

Po 0.5 Watt 

---
_2l_ -55 to+125 oc 

~ -65 to+200 oc 

Vin 2 V (RMS) 

CIRCUIT SCHEMATIC 

SHORT CIRCUIT ADMITTANCE TEST CIRCUIT 
(GENERAL RADIO 1607 A BRIDGE) 

RFC (GR 1607 BRIDGE BIAS FILTER) 

-:- t OUTPUT 

v .. 
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--Motorola Integrated Circuits --

MC 1110 (continued) 

ELECTRICAL CHARACTERISTICS (AtTA = 2s•c unless otherwise noted) 

Characteristic Symbol Min Typ Max : Unit 

DC CHARACTERISTICS 

Input Leakage Current I1 nAdc 
(V3 = 5 Vdc; I5, I7, lg= 0) --- --- 10 

Output Leakage Current lg nAdc 
(V7 = 5 Vdc; 11 0 13 0 I5 = 0) --- --- 10 

Operating Current lcT mAdc 
(Vee = 5 Vdc, VEE =-4. 7 Vdc, Vin = 0) Figure 1 3.8 4 4.2 

Input Operating Current 11 µAde 
(Vee = 5 Vdc,VEE =-10 Vdc, Vin= 0) Figure 2 --- --- 250 

Reference Operating Current lg µAde 
(Vee= 5 Vdc,VEE = -10 Vdc, Vin= 0) Figure 1 --- --- 250 

Current Balance I3/I7 ---
(Vee = 5 Vdc,VEE = -10 Vdc, Vin= 0) Figure 1 0.90 --- L 10 
(Vee = 5 Vdc, VEE = -1 Vdc, Vin = 0) Figure 1 o.go --- 1. 10 

Large Signal Transconductance G21 m-mhoe 
(Vee = 5 Vdc, VEE = -4 Vdc, <l Vin = 50 mV) 26 28 ---

SMALL SIGNAL CHARACTERISTICS 

Small Signal Current Gain .h21 ---
<vcc = 5 v, IE = -4 mA, f = 100 me) 6.0 g_o ---

Short Circuit Admittances --- m-mhos 
(Vee =5V,VEE= -4V, f = 100 me) Figure 1 

Input Admittance I Yul --- 2.0 ---
Reverse Transfer Admittance IY121 --- 0.064 ---
Forward Transfer Admittance IY211 --- 16.3 ---
Output Admittance lF2~ --- 1. 2 ---

Transducer Power Gain GT db 
(Vee = 5V, VEE = -4V, f = 100 me, BW = 3 me) Figure 20 22 26 ---
(Vee = 5V, VEE = ~4V, f = 200 me, BW = 6 mci Figure 21 15 18 ---

Noise Figure NF db 
(Vee = 5V, VEE = -4V, f = 100 me, R_g_ = Rso) --- 4 6 
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--- Motorola Integrated Circuits ---

MCl 110 (continued) 

100 MC POWER GAIN TEST SET 

+Vee 

~BYPASS 

BYPASS 

COMPONENT VALUES 
C,, C, VARIABLE CERAMIC CAPACITOR 9-35 µµI 

C, VARIABLE CERAMIC CAPACITOR 5.5-18 µµf 

C, VARIABLE CERAMIC CAPACITOR 2-8 µµI 

C,, C, FIXED MICA CAPACITOR 50 µµI 

FT ALL FEED THROUGH CAPACITORS 1200 µµf 

Bypass CAPACITORS, DISC CERAMIC 0.1 µf, 75 Vdc 
L, INPUT INDUCTOR, 0.15 µh Q > 50 
L, OUTPUT INDUCTOR, 0.25 µh Q > 50 
Vee= 5.0 Vdc 
V,. = -4 VOLTS 

200 MC POWER GAIN TEST SET 

RFC FT 

+Vee 0---...rr Y-Y"--+--~-.._..._ 

~ 
IC, 

FT 

-------.... -1 C, 

~ 

~,~ '_____, -::- l R, = 50 !l 

MCI UO 9 3db PAD + 
BOLOMETER 

C, L, 

COMPONENT VALUES 
C1, C4 

C2, C3 

c, 
FT ALL 
BYPASS 
L, 
L, 
RFC 

VARIABLE CERAMIC CAPACITOR 
VARIABLE CERAMIC CAPACITOR 
FIXED MICA CAPACITOR 
FEED THROUGH CAPACITORS 
CAPACITORS, DISC CERAMIC 
INPUT INDUCTOR 
OUTPijT INDUCTOR 
JEFFERS MOLDED CHOKE 

Vee= 5.0Vdc 
V,. = -4 VOLTS 

"':' -= 
......._ GND. SHIELD 

5 ';T :;:- --
L.....-----<o--"--'-=--..... --0 -VH 

5.5-18 µµI 

2-8 µµf 

300 µµf 

1200 µµf 

0.1 µf, 75 Vdc 
30 nhy Q > 100, 2T #16 /!.WG 1/4'' FORM 
50 nhy Q > 100, 4T #16 AWG 1/4" FORM 
0.68 µh 
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--- Motorola Integrated Circuits ---

MCl 110 (continued) 

INPUT ADMITTANCE versus EMITTER CURRENT 

G11 B,, 

us----------------1.0 

200~CY,, --
~i.so T ] ~ 
l i.2s 1--_::Vc::•.;:=...:5:::.0_::V~O::LT~S---:;;o.,..:.'.f---+----l s.o ~ 
~ -G~ !.---- .S ;i.oo ~ : 
g 0.75 1---.#f./'.".0¢'.:__-l--_..:_8"'-J-----l---l 3 o ~ 

~ 0.50 

0.251----1----+-----+---1---" 10 

2.0 4 0 60 
IE, EMITTER CURRENT (mA) 

8.0 
0 

10 

FORWARD TRANSFER ADMITTANCE versus FREQUENCY 

j 60 
E 
E 

~ 50 

~ 40 

~ 
~ 30 

0 

~ 20 

! 10 

0 

Y,, lJ:UWs 1•=4.0 mA 

~" 

~ 
B,. ~ 

LO 5.0 10 2Q 40 60 100 200 400 1000 
f, FREQUENCY (me) 

FORWARD TRANSFER ADMITTANCE versus EMITTER CURRENT 
B,, 

15 

~ 
1i 20 10 
g 
0 z 

~ 
8 10 5 

._ __ ..._ __ ...... __ _._ __ _. __ __.o 
2.0 4.0 6.0 8.0 10 

IE, EMITTER CURRENT (mA) 

FORWARD TRANSFER ADMITTANCE versus EMITTER CURRENT 

30 15 

~ 
E 
g 
0 z 
< 
[ 

~ 

~ ~ 
E ~ a 201----1---..... :.._--+----+----l 10 : 

~ 1---+-,,,,C.-+--+--:::;;J.--"""~ § 
8 10 5 ~ 

4.0 
10 , EMITTER CURRENT (mA) 

REVERSE TRANSFER ADMITTANCE versus EMITTER CURRENT 

G,, 0.3 
~ 
E 
_s r, 
rl 

200 MC Y,, ] 
1---vc~ = 5.0 VOLTS 

'-... G,. 

-B, 1 =O 

2.0 4.0 6.0 8.0 10 
le. EMITTER CURRENT (mA) 

OUTPUT ADMITTANCE versus FREQUENCY, 

c..> 811 u 

120 _1 40~ 
8 1.5 L--L--Lllillil--WW..UJ.ul-..U-1-1-1-1~3.o ~ 

) 5 
~ 1.0 l7 \ -.l ~ Gu 2.0 § 

o.5 L-}1 _p1 [[ ~o 

1.0 5.0 10 20 40 60 100 200 400 1000 
f, FREQUENCY (me) 

OUTPUT ADMITTANCE versus EMITTER CURRENT 

~ ~ 
0.1-------1---~--~---

100 ~CY,, 
-0.,, O.S i-----vc1 = 5.0 VOLTS 3.0 

~ Ju I 
~ 0.4 2.0 ~ 

~ ~!.1= I 03 L __ .b::::::::±==j=B':'-=t==j ~ 
~ 0.2 L---1--~ ·tl-::!G·::.· .... ,!::::::::::t==::I 1.0 ! 
0 01 ~ 

L....:::;;;...1-~~..L...~~..L...~~..L...~~o 
2.0 4.0 6.0 B.O 10 

I~, EMITTER CURRENT (mA) 

OUTPUT ADMITTANCE versus EMITTER CURRENT 
G,, B,, 0.1----------------

200 M
1
C Y,, 

~ O.S'---V-'c,-=-5.-0-VO_l.L7S---J~--'----'J.O ~ 

EM ~- -
.s L---- I ~ o.4 ~--=---1-+~---+----_.....i-1....--,,-"""i::::::----12.0 ~ 
~ o.3 ~I ~ 
s -~Jv ~ ! 0.2 7 1.0 so~ 0.1 L...£_.J_ __ __J_ __ -1---1----l 

2.0 4.0 6.0 8.0 10 
If, EMITTER CURRENT (mA) 
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-- Motorola Integrated Circuits --

MCl 110 (continued) 

100 MC NOISE FIGURE vs. SOURCE RESISTANCE 

oL---J........i-J-.1...JL...L.J..1.J...--J.......J 
100 200 400 600 8001000 2000 

R,. SOURCE RESISTANCE (OHMS) 

OPTIMUM NOISE FIGURE, OPTIMUM 
SOURCE RESISTANCE AND AVAILABLE POWER 

GAIN versus FREQUENCY 

10 20 30 40 60 80 100 200 300 

f, FREQUENCY Imel 

INPUT ADMITTANCE versus EMITTER CURREMT 
G11 B11 
1.75--------------~1.o 

100 MC Y,, 
~ 1.50 I ::r ~ 
1 l.2S 1---'V!:!".:=:..:5:::.0:_:Vc:Ol::..:T~S ---1----1----15_0 i 

'-' 
~ 1.00 ~ 
~ 0.751---.l---.l---.1---.1----l3.0 ~ 

Bu-

~ o.so L-~~.:e::-:i::...:.G::.." -.l.----.l.----.l.----1 0.25 1.0 

2.0 4.0 6.0 8.0 10 ° 
IE, EMITTER CURRENT (mA) 

INPUT ADMITTANCE versus FREQUENCY 

5.0 10 20 40 60 100 200 400 
f, FREQUENCY (me) 
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.05 

GAIN CONTROL CHARACTERISTICS 

0.1 0.5 LO 10 20 

I,, EMITTER CURRENT (mA) 

200 MC TRANSDUCER POWER GAIN (Gr) 
versus POWER DISSIPATION 

o._....__.._....__.._....__..__.,_..__.,__. 
o 10 20 w u • w ro w oo ~ 

TOTAL POWER DISSIPATION (milliwatts) 

REVERSE TRANSFER ADMITTANCE versus EMITTER CURRENT 

'-' 

G,, 
0.3 

~ 0.2 
e; 
~ 
~ 0. 1 

I 

100 Mf Y,, 

J 1 
Vea= 5.0 VOLTS 

G., -
-Bu= O 

2.0 4.0 6.0 8.0 10 
IE, EMITIER CURRENT (mA) 

REVERSE TRANSFER ADMITTANCE versus FREQUENCY 



--- Motorola Integrated Circuits ---

Mcl513F LINEAR CIRCUIT SERIES Po=500mW 
1 % ratio tolerance 

Analogue/digital ladder network of thin-film resis
tors on passivated silicon for application as a binary 
reference voltage divider. 

MAXIMUM RATINGS (At25°Cl 

Applied Voltage 30 Vdc 

Power Dissipation, Total 
(derate 3. 3mW/°C above 25°C) 

500mW 

Power Dissipation, Each Resistor 100mW 
(derate 0. 67mW/°C above 25'C) 

Operating Temperature Range -55 to +125° c 

Storage Temperature Range -65 to +175° C 

ELECTRICAL CHARACTERISTICS (At 25°C) 

Characteristic Symbol Minimum Typical Maximum Unit 

Resistance Rl thru 8 4.4 4. 7 5. 0 KO 

Resistance R9 thru 15 8.8 9.4 10. 0 KO 

Voltage Ratio V 1'V2, V 2'V3 o. 495 o. 500 o. 505 -
Ratio Temp. Tracking Vl:V2,V2:V3 10 PPM/°C 

(-55 to +125°C) ----o. 500 o. 500 

Resistance Temp. Rl thru 15 100 PPM/°C 
Coefficient 

CIRCUIT SCHEMATIC 

8 7 6 4 2 

10 
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-- Motorola Integrated Circuits --

Mc)5)9 LINEAR CIRCUIT SERIES Add= 67 db 
V10 = 6 mV 
CMR = 89db 
BW= 0.7Mc 

CASE 71 
(T0-5) 

Integrated circuit wideband differential amplifier 
featuring NPN inputs and PNP outputs. 

MAXIMUM RATINGS (TA::::: 25°C unless otherwise noted) 

Characteristic ~mbol Rati'!!I_ Unit 
Power Supply Voltage Vee +14 Vdc 

Power Supply Voltage VEE -14 Vdc 

Differential Input Signal v.Jn.. "!:5 Vdc 

Total Power Diss&ation Po 300 mW 
Derate above 25 e 2.0 mw/0 e 

Operating Temperature Range T..1.. -55 to +125 Oe 

Storage Temperature Range Tstg -65 to +175 Oe 

CIRCUIT SCHEMATIC 

Vee 

9 3 
2.7K 2.7K 

8 

-----LIS 

WIDE BAND DIFFERENTIAL AMPLIFIER 

7 

- VEE 
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-- Motorola Integrated Circuits --

MC 1519 (continued) 

ELECTRICAL CHARACTERISTICS 
( V"c = +12 Vdc, Vt:i·:= -12 Vdc, T• = 25°C unless otherwise noted) 

Characteristic Figure No. Symbol Min Typ Max Unit 

Differential Voltage Gain 3, 8 Add 
db 

Circuit A (CE) 67 73 79 
Circuit B (CC) 40 45 50 

--- -- ----
Single Ended Voltage Gain 3 Av db 

Circuit A (CE) - 67 -
Circuit B (CC) - 38 -

--- --
Maximum Output Swing 4 Vo v(p-p) 

Circuit A (CE) L2.0 14.0 -
Circuit B (CC) 8.0 10.0 -

--- --
Input Offset Voltage 5, 9 VIO mVdc 

Circuit A (CE) - 2.0 6.0 
Circuit B (CC) - 2.0 6.0 

------ --
Input Offset Voltage Drift 5, 9 VIOD µV/°C 

Circuit A iCEl - 5.0 -
Circuit B CC - 5.0 -

--- --
Input Offset Current 6, 10 110 µAde 

Circuit A (CE) - 1.0 4.0 
Circuit B (CC) - 2.0 8.0 

--- -- ---
Input Current 6, 11 Ii µAde 

Circuit A (CE) - 40.0 70.0 
Circuit B (CC) - 60.0 90.0 

--- --- --
Common Mode Rejection 7 CMRej db 

Circuit A (CE) - 89.0 -
Circuit B (CC) - 86.0 -

--- -- -- ---
Bandwidth - 3 db 3, 12 BW me 

Circuit A (CE) 0.70 1.0 -
Circuit B (CC) 5.0 8.0 -

--- --- -- ---
Differential Input Impedance 2 Ziu kohms 

Circuit A (CE) 1.8 2.6 -
Circuit B (CC) - 1.2 -

--- --- -- ---
Single Ended Output Impedance 2 Zout kohms 

Circuit A (CE) - 2. 7 -
Circuit B (CC) - 0.048 0.120 
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-- Motorola Integrated Circuits --

MC1519 (continued) 

CIRCUIT B COMMON COLLECTOR OUTPUT 

I 
I 

2.2K 

~-...... --o-Vu 

I 
I 

/g 
I 

DIFFERENTIAL INPUT IMPEDANCE AND 
SINGLE ENDED OUTPUT IMPEDANCE 

s, 

-= '""' t 
Z, 0 : WHEN R;. SWITCHED INTO CIRCUIT THE OUTPUT CHANGE SHALL BE 6 db. i 

THEN R;, ~ I;, -:-

Z0"1: WHEN RoutSWITCHED INTO CIRCUIT THE OUTPUT CHANGE SHALL BE 6 db. 

'· 

THEN Rout = Zou! 

f=lkc 

I;,~ IO MEGOHMS 

SCOPE 

Vs INCREASED UNTIL Vo REACHES FULL CUTOFF. 

LOWZ 
MICRO

AMMfTERS INPUT CURRENT 6 h..:!:.J! 
~ 2 

INPUT OFFSET CURRUH £: 1.._ - 18 

Vo 

CIRCUIT A COMMON EMITTER OUTPUT 

Vee 

2.2K 

// 

/ 

_,,,,,/- 2.7K 

R1 = JOOK POT -:
R1 SET FOR 

VQ 10,.1 = 0@25°C 

-VEE 

DIFFERENTIAL VOLTAGE GAIN 
SINGLE ENDED VOLTAGE GAIN AND BANDWIDTH 

V, ~: l.OmVrms 

10n 

l.Add@f= lki::Add 6 Vo/V;= Va,.,~Voa 

2. Av@ f =I kc and Bandwidth: Av ~ ~8 

v, "' Vo 

0 

Vs IS CALIBRATED VARIABLE DC MILLIVOLT SOURCE 
WITH OUTPUT IMPEDANCE OF IOQ 

VcM (.,inl = -6.3V 
Vo 
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--Motorola Integrated Circuits --

MC 1519 (continued) 

EFFECT OF TEMPERATURE ON CIRCUIT B CHARACTERISTICS 

R,SETFORV.:i:C'-'i 6VAT t25"C 

DIFFERENTIAL MODE GAIN INPUT OFFSET VOLTAGE 

200 k::t---t---t--t-l+t---t---t--t-H---t---t--t-H---t---1 
190 1-+-t"1.p...c-f-h-: +-+-+-+-+-+-+-+-++-+---+---1 
180 f--1--t--f',f--+'!--,J-"'l-O:ct--j-f--+--t--+--j-f--+--t--+-+-l 

:N 
~ 170 T"'--

160 t-+-+-r-+-+-i:-+-+--t-+-bd-.....+-r-+-+-i-+-f--1 I 150>-+-+--+-+-µ:-+-+--+--+--+--+~-+-b,,~~--+t...J-+--+-~ 
s 1401--t-+--+-+-µ:-+-+-+--+-+--+-+--+--+--;>.~f:::-+-~ 

j 130 >-+-+--+-+-µ+-+--+-+->-+1---+--+--+-i---+l-+-b,,~I 
: : 

120 >-+-+--+-+-µ+-+--+-+-1--T-+-+--+--+--+--+-+-1 

110 f--1--+-+--+-~14---j-f--+--t--+-+-f-l-+-+-+: -4J 
100 ~~~-+--~~~~' ~~_i_~~-+-~I~~' 

-55 -25 25 55 85 125 

TA, TEMPERATURE reel 

INPUT OFFSET CURRENT 

'111111i1111111111111 
_j_'_j_ _j_ _j__j_ _j__L 

--t-....L_•1 II 
I~ 

! 

,i 

I ' 

I ! 

' r-+-

OL--'-+--+-+-L.Ll.-+--+-+-'-'-+--+--+-'--'--'--' 
-55 -25 0' 25 55 85 125 

TA' TEMPERATURE !°C) 

CIRCUIT A BANDWIDTH 
70,-,....,.-"'T""'9A:<TITT~-r-TTTTITir-r,-rrTTTm 

401--'-+-t-l-+++m--+-+-+-++H-+++-"---l'<.+--H-H+~ 

ior-~-+-1-++++++--+--+-+-+-+H+++--+-+--+'<-+++~ 

N 
2or-~-+--t-++++++--+--+-+-+-+H+++--+-+--t-t-M>r~ 

; 1j_ 

0.1 02 0-5 1.0 2.0 5.0 10 20 50 100 

f. FREQUENCY Imel 

:: ~~~~~~~~~~~~~H~,_~p~ 
2.4 f--1--+-+--+-+++-+-+--+-+-iAt-:f"- I 

2.3 r-+-+-+-t-t-i-+-+-+-¥+-V1+-+-+-+-++-+-'I 
2 2 f-+--t--+--t-H-J--J,A.£-j/1f--+-+--+-+-f-+-+-+-+-1 

2.1 f--+-+--+--+,--+-< ,-1'1-v-+-+--+-+-+--1-+--+-+--+-: --1-----4 

2.0 f-+-+--b"I"---+ ic+-+-+-+-+--+-+-+-+-+--+-, -il__,I 
19 y v : I I 
18 1--t--+--+--+-M-l--+-+--+-+--+--+-+--+-+--+1-+I _,, 

L7 1--t--+--+--+-~-+-+--+-+--l--+-+--+-+-l-+-
I ' 

16 1--t--+--+--+-+-'-+: -+-+--+-+--+--+-+--+-+-ll--+-<1 
15 ~~~-+-~~~-+-~~~-+-~~-

-55 -25 25 55 85 125 

TA. TEMPERATURE('CJ 

INPUT CURRENT 

'Ttill 1 i 111 I I I I I I I 11 I 
60 t---+--+-'-lj_-+-t'l,.-f'>ct1 J_-+-+--+---t'--t---+--+-'-l-J_+--+--+-1 _,J 

h-.J 1 
i J:! ~ I 

50 +--+--+-Tr--+-+, -·; +--+--+-+--+---f".r--i-+N-++-.-T+--+-1+, _,! 

: I I : :!-1 
40 f-+-+-+-+-r,-+--+-,-+-+-t--j--+-+--+-i---j 

! ! 
! 

30 l--+-+--+-+-h1-+-+--+--+-+--+-+-l-+-+--+--+--. 

! 

20~~1-+-~1 -+-1-+--~~-+--+-~~-+--+-~ 
-55 -25 O' 25 55 85 125 

TA, TEMPERATURU"CI 

CURRENT SOURCE BIASING 

12 l-+-+-+-l-++-il-+-+-t-+-+-+-t---t-+-l--t--r-1-1 

0 '-'--'--'--'--'--~-+-+-'-'--+-~-+-~-+-~~ 
0 10 12 14 16 18 20 

CURRENT AT PIN 7 (MILUAMPERESl 
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--Motorola Integrated Circuits --

Mc1524 LINEAR CIRCUIT SERIES ZL = 16 - 1000 
THD = 0.6% Typ 
Av = 10, 20 or 30 

CASE 71 
(T0·5) Integrated circuit 1-W audio power amplifier. 

MAXIMUM RATINGS (TA= 25°C unless otherwise noted) 

Characteristics Symbol Ratings Unit 
Power Supply Voltage Vee 12 Vdc 

Power Supply Voltage VEE -12 Vdc 

Operating Temperature Range TA -55 to +125 oe 

Storage Temperature Range Ts~ -65 to +175 Oe 

Maximum Audio Output Power Pout(max} 1. 0 Watt 
(TA= -55oC to +125°e) 

CIRCUIT SCHEMATIC 

..-----------------------~2 

IOK 
+Vee 

BASE ------·o 
IOK 

IOK 

-- llK 

7 
FOBK 20K 

....._ _______ --41t-------------f4 

-VEE 
LINW POWER AMPLIFIER 
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--- Motorola Integrated Circuits ---

MCl 524 (continued) 

ELECTRICAL CHARACTERISTICS (Vee= +6V, VEE= -6V, TA= 2s•c.J 

Load Feedback 
mpedance Tap 

Characteristic ohms ohms Sy_mbol Min Typ Max Units 
Maximum Peak-to-Peak Output Voltage 16 1000 Yomu: 9.0 10.0 - V(P-P) 

torTHD<3%@1 kc 

Voltage Gain@ 1 kc Z50 Ay - 37.9 - -
16 500 - 20.0 -

1000 10.0 ll.5 12.5 

250 - 41.2 -
100 500 - 21.3 -

1000 11.0 12.3 13.5 

Input Impedance @ 1 kc - 1000 Zin 6.0 6.5 - kohm1 

Output Impedance @ 1 kc - 1000 Zout - 0.58 0.80 ohms 

Bandwidth 250 BW - 350 - kc 

16 500 - 480 -
1000 300 770 -
250 - 340 -

40 500 - 480 -
1000 - 790 -
250 - 320 -

100 500 - 480 -
1000 - 810 -

Zero Signal Current Drain 16 1000 lg - 1.5 4.0 mA 
(Each Supply) 

~~ 1;:';~~1~oi& Harmonic Distortion© 1 kc 16 1000 THD - 0.6 2.0 % 

AC COUPLED CIRCUIT DC COUPLED CIRCUIT 

1 Kl! FEEDBACK 0SHOWN 

I 
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--Motorola Integrated Circuits--

MCl 524 (continued) 

I 
ffi ,. 
ii! 

~ 
6 
J 

Notes: 
1) RL should be greater than 5 ohms for de stability. 
2) !'ower supplies should be balanced, have low 
source impedances, and should be turned on and off 
simultaneously. (See fig. 6 for Standby Curren_t vs. 
supply unbalance.) · 
3) Capacitors C3 and C4 provide high-frequency 
stability. For most loads, at temperat.ures _belo~ 
70°C, C4 may be omitted. 
4) Low frequency rolloff of AC coupled circuit is 
determined by Ci and C2• Fig 1 is recommended for 
loudspeaker loads because of DC stability intro
duced by C2. 
5) Open loop operation is not recommended. Feed
back taps are connected as follows: 

Feedback Tap Pin Connection 

!Kn 8 to c, (AC) or ground (DC) 

soon 9 to C2 (AC) or ground (DC) 

250n 8 to 10; 9 to c, (AC) or ground (DC) 

§i 4.0% 

°' 
i 3.0% 

I c2.0% 

~ 1.0% 

TOTAL HARMONIC DISTORTION 

w m ~ w w w ro w w ~ 
RL, LOAD RESISTANCE (ohms) 

STANDBY CURRENT VARIATION DUE TO SUPPLY UNBALANCE 

MAXIMUM AVAILABLE OUTPUT POWER AC COUPLED FREQUENCY RESPONSE 

1000 
700 
WO 

+gy +12V~ 

45 

40 
I II N 

mo 

100 
70 
w 

20 

10 
7 
5 

+6V --+ 

f-"! KC 
T~ =25cC 

"' r----.. 
+3V SUPPLY = 

35 

30 
z 
ii 25 

~ 20 
~ 
d: 

15 

10 

25012 FEEDBACK v 
I 1,~1do~ 

~ ;p,:,IJ 
~ ll T 

I 5~t~ 5' CK ~ 
u I\ 

'I rrrK 

I 0 
0 10 20 30 40 50 60 70 80 90 100 10 100 !KC IOKC IOOKC IMC 

Rl, LOAD RESISTANCE (ohms) f, FREQUENCY (cps) 
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-- Motorola Integrated Circuits --

MC1524 (continued) 

DC TRANSFER CHARACTERISTICS 

f--- sclu! 2V/J 100!2~ 
H"" 0.2 V/div _k 16!!LJD _ 

~ 
_1 

f 

VOLTAGE GAIN versus TEMPERATURE 
250!! FEEDBACX TAP 

+0.1 ,...-,~~~~1-:~,...-,~~~~~~~~~ 
+0.6 +--1-+-+--l---tt+---L...J-+-+--l---l-+---l--l-+-l-...I 

+o.s +--1-+-1---1--...µ.1 +---L...J-+'4.--L...!..-.+-1--l--..i.IL<:.:P"l--l 

+0.4 +--l-+-1---1---+-LI +---L...J-+-+RL_~._1..J6!l-l---l.4j7-+-l-..J 
+o.3 HH-t--t-+: +-HH-t--t--b.fV+-+--t-t-1 
+0.2 t-t--l-+-+--+'~-++-+-r::;-J...:Z4--+-i ~-b~H-+--1 

:g +0.1 H,.....+-++-++: +--H-+>"FV:::J.:~~...-:+++-J---j 
.j i::::-1 R,~ lDD!l 

~ :~ 

=:: ~t:::~J.-l~r::t~=~~~~1::::t1::::1:t1::::tj::::1::::t1j 
-o.3 ~-+4-l-+:-+---H-+--+++-+---1--1---l---l--l 

-0.4 r--1-+--+-+---t-r: -+-+--1-+--+-+--+--+-1-+-+--l--..J 

-0.5 1-1-+--+-+---t-r: +---+--1-+-+-+--l-+---l-l-l---l--..J 

-0.6 L.......J-l-L-L...L!.: "---L...J----'--1---'---'---"---'-'-'---'--' 
-55 -25 +25 +55 +85 +125 

T ,, AMBIENT TEMPERATURE l'Cl 

500!! FEEDBACK TAP 

l-JE,v~12V/divl IOD!JOAD-1 
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Mc1526 
Mc1527 
Mc1528 

• 
Mc1s2s 

MC1526 

NPN 

-- Motorola Integrated Circuits --

LINEAR CIRCUIT SERIES 

DIFFERENTIAL AMPLIFIERS 

DARLINGTON INPUT DIFFERENTIAL AMPLIFIERS 

Acid = 65-140 
V10 = 5·7mV 
CMR= SO db 
BW = 0.3·1.4 Mc 

MC1527 

MC1528 

PNP 

R 
CASE 71 

(T0-5) 
CASE 72 

Integrated circuitcomplementary differential ampli
fiers designed to permit direct-coupled cascading for 
applications requiring extremely high gain. 

MAXIMUM RATINGS {TA= 25"C unless otherwise noted) 

Cltaracterlstic Symbol 
Rating 

Unit 
NPN PNP 

Power Supply Voltage Vee +14 -14 Vdc 

Power Supply Voltage VEE -14 +14 Vdc 

Differential Input Signal Vin !5 Vdc 

Operating Temperature Range TJ -55to+125 Oe 

Storage Temperature Range Tstg -65 to+l75 Oe 

Total Power Dissipation Po 300 mW 
Derate above z5oe 2 mW/0e 

DIFFERENTIAL VOLTAGE GAIN SINGLE-ENDED VOLTAGE GAIN 

V1 = IOmVrms I-Ike V1= lOmVrms 

250 

Vs 

250 
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MCl 525, MC1526, MCl 527, MC1528 (continued) 

ELECTRICAL CHARACTERISTICS 

Characteristic Fig No 

Differential Voltage Gain 5, 15 
MC1525, MC1527 
MC1526, MC1528 

Single Ended Voltage Gain 6 
MC1525, MC1527 
MC1526, MC1528 

Output Voltage, Common Mode 7, 16 
All Types 

Maximum Output Swing 8 
All Types 

AC Unbalance 8 
All Types 

Input Offset Voltage 9, 17 
MC1525, MC1527 
MC1526, MC1528 

Input Offset Current 10, 18 
MC1525, MC1527 
MC1526 
MC1528 

Input Current 10, 20 
MC1525, MC1527 
MC1526 
MC1528 

Common Mode Rejection 11, 19 
All Types 

Bandwidth 12 
MC1525, MC1527 
MC1526 
MC1528 

Differential Input Impedance 13 
MC1525, MC1527 
MC1526 
MC1528 

Single Ended Output Impedance 14 
All Types 

INPUT OFFSET VOLTAGE 

Vs IS CALIBRATED VARIABLE MILLIVOLT SOURCE 
WITH OUTPUT IMPEDANCE OF son. 

Symbol Min 

Add 
120 
50 

Av -
-

Va(CM) 
6.0 

Va 
7.0 

u 
-

via -
-

1io -
-
-

Jin 
-
-
-

CMRej 
80 

BW 
1400 
500 
300 

Zin 
2.0 
60 
80 

Zout -
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Typical Max Unit 

-
140 ~50 

65 75 

-
75 -
45 -

Vdc 
7.0 8.0 

v (p-p) - -
mV (p-p) 

- 300 

mVdc 

- 5 
- 7 

µAde 
- 4 
- 2 
- 0.5 

µAde 
- 20 

- 3.5 
- 2.0 

db 
- -

kc 
- -
- -
- -

k!"l 
- -
- -
- -

k!"l 
- 11 

INPUT OFFSET CURRENT and INPUT CURRENT 

LOWZ 
MICRO

AMMETERS 
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-- Motorola Integrated Circuits -

MC1525, MC1526, MC1527, MC1528 (continued) 

Vee 

IO 

MC1527 

4.2K 

5.6K 

MC1528 

Vee 

MC1526 MC1525 
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MC1525, MC1526, MC1527, MC1528 (continued) 

OUTPUT VOLTAGE - COMMON MODE 

v, 

DIFFERENTIAL MODE GAIN 

Vo 

WHEN R., SWITCHED INTO CIRCUIT THE OUTPUT CHANGE SHALL BE 6 db. 
THEN z,. = R,0 

BIASING ARRANGEMENT 

MAXIMUM OUTPUT SWING 

SCOPE 

Vs INCREASED UNTIL V0 REACHES FULL CUTOFF. 
OUTPUT SWING AND AC UNBALANCE GIVEN IN VOLTS P·P. 

SINGLE ENDED OUTPUT IMPEDANCE 

f=lkc 
Vo= 200 mV rms NO LOAD 
Vo= 100 mV rms WHEN Zout =Ro 

11.2K 

Vo 

In the emitter of the current source 
transistor of each of the differential 
amplifiers, there are four resistors of 
different values which may be con
nected in seven ways. The resultant 
effective resistance in conjunction 
with 8 given vu·· makes provision for 
different current levels. For conven
ience, the seven methods together 
with their effective resistances. are 
tabulated below. 

•Pin 7 is connected 10 the subs1rate and must be connected to the Vr.r. supply 
for proper circuit operation. 

METHOD 
PIN CONNECTIONS 4.7 4-6, 5.7 4-5, 6-7 4-6 4·5 5-6 4,5,6 OPE~ 

EffECTIYE RESISTANCE 1.4 K 3.37 K 7.0 K 12.6 K 18.2 K 21.8 K 22.4 K 
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MC1525, MC1526, MC1527, MC1528 (cqntinued) 

EFFECT OF TEMPERATURE ON CHARACTERISTICS 

DIFFERENTIAL MODE GAIN 
200 ~~-~~~~~-~~~~~~~ 

I 

I! 
40~~~~~LL~~~~~~~~~~~ 

-55 -25 0 25 ~ 85 
T ,., TEMPERATURE !"Cl 

INPUT OFFSET VOLTAGE 
10 

5.0 
MC!S26 

~ 
~ 3.0 

§ 20 

H-
MCI528 Vj_ t-t-j-. 

vr l k'.'. 
~ I 
~ I 
>§ 

LO 
_l 

MCl525. MCl527 

0.7 

0.5 
-55 -25 25 55 85 

TA, TEMPERATURE (°C) 

COMMON MOOE REJECTION 

~ 
~ 

120 

110 

~ 100 
[ii 
~ 
~ 90 

I 
8 80 

70 

60 
-55 

0 

I 
I 

I ~ 
LL 

MCl525. MC1527 I 
Jc1J,JcJ,8 fT 

~ 
I 
I 

1: 
Li. 

-25 25 55 85 
T,.. TEMPERATURE(°C) 

COMMON MODE REJECTION 

VcMlminl 

125 

r-

j-.... 

125 

N 

125 

Vo 

Lo. Vos RECORDEO FOR A CHANGE IN THE COMMON MODE INPUT BIAS FROM 
MAXIMUM TO MINIMUM VALUES. 
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REFERENCE MATERIAL 
Articles in this section: 

• How to Get More Value Out of a Transistor Data Sheet 
• Determining Maximum Reliable Load Lines for Power Transistors 
• Factors Influencing Selection of Commercial Power Transistor Heat Sinks 
• Understanding Transistor Response Parameters 
• Significance of Qr In Switching Circuits 
• High-Power Varactor Diodes - Theory and Applications 
• Optimizing SCR Turn-Off Parameters with Negative Bias 
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HOW TO GET MORE VALUE OUT OF A TRANSISTOR DATA SHEET 

Engineers involved in the design of transistor circuits can gain many bene
fits from the proper use of transistor data sheets that have well specified char
acteristics. The extreme requirements oftoday's designs can only lead to con
fusion if the engineer does not have the proper limits within which to design. 
This report is intended to explain the relationship between published charac -
teristics and design requirements. 

A modern, well-prepared, informative data sheet should provide the design 
engineer with all the necessary information for selecting a transistor capable 
of performing a particular job. To accomplish this, the data sheet is normally 
divided into six general sections. A description of the device is given first, 
followed by sections on absolute ratings, and electrical and thermal character
istics. Mechanical data and applications information are also included. 

The description of the device usually gives the broad general application which 
permits the designer to classify transistors according to his specific require
ments. Thus, a typical power transistor description might indicate whether the 
unit was designed for audio work or switching applications. In addition, the 
power and/or current rating is specified, the polarity (whether PNP or NPN) 
is given, and the type of material is called out. At a glance, therefore, the en
gineer can determine if a particular transistor or group of transistors, is gen
erally suitable for a particular purpose. 

From here on, however, the selection of a specific transistor for a particu
lar object becomes more involved. The unit must be considered from its var
ious electrical ratings and characteristics to make sure that it fits the applica
tion from every conceivable standpoint. And, the engineer is generally faced 
with the problem of selecting the least expensive transistor which will perform 
adequately in his proposed circuit. This requires a comprehensive study and 
evaluation of the information usually given in the finer print. Only a thorough 
understanding of this information will permit him to do his job satisfactorily. 

DISTINCTION BETWEEN RATINGS AND CHARACTERISTICS 

A rating is defined as a limiting value assigned by the manufacturer which, 
if exceeded, may result in permanent damage to the device. On the other hand, 
a characteristics is a measurable property of the device under specific operating 
conditions for which the transistor will provide reliable performance. 
ABSOLUTE MAXIMUM RATINGS 

Absolute Maximum Ratings are those ratings beyond which degradation ·of a 
transistor may be expected. These ratings are established by each manufac
turer based on the internal physical construction, semiconductor material and 
manufacturing processes. Because these are "ratings," most data sheets will 
not indicate test conditions under which these "ratings" are specified. There
fore, "ratings" are the extreme capabilities of a transistor and are not to be 
used as design conditions. 

For example, under absolute maximum ratings the parameter BV CEO indi
cates that the B when placed before a characteristic symbol usually means 
breakdown. Therefore, BVcso, BVcEo, BVcEs, BVcEx, and BVEBQ, are 
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the breakdown ratings of the device. It is a very well known fact in the semi
conductor industry that when transistor ratings are exceeded an avalanche or 
breakdown condition may take place. This avalanche or breakdown condition 
in almost every instance will destroy a transistor. Breakdown is dependent 
upon temperature and a certain voltage and current condition, the combination of 
which can trigger an avalanching effect leading to instant destruction. 

As a practical example, the graph in Figure 1 illustrates the typical output 
characteristics of a Motorola 2N1530 power transistor. The absolute maxi
mum voltage BV CEO is 45 volts. The absolute maximum current is 5 amps. 

With an absolute maximum power 
rating of 90 W as shown on the data 
sheet for this particular transistor, 
it is now possible for the design engi
neer to calculate and plot a maximum 
voltage current relationship which 
can't be exceeded without endanger
ing the life of the transistor. 

It is obvious from the graph that the 
absolute maximum voltage and the ab
solute maximum current cannot be 
applied at the same time. While it is 
conceivable that an occasional ex
cursion beyond this absolute maximum 
power for a short period of time will 
do no harm to the transistor, this 
practice is not recommended where 
reliability is concerned. 

Thermal characteristics, also list
ed under the absolute maximum rat
ings, are expressed in degrees C per 
watt and define the dissipation capa
bility of the transistor regarding the 
junction temperature in relation' to 
case temperature. 
ELECTRICAL CHARACTERISTICS 

7H250 

!?" I,= ~OmA 
l 

1--'1 lr ~15~ 

-1 Joo 

' -I-- 40 WATTS POWER DISSIPATION 

~ 50 

~ 30 ~o ="' 
r-i... 10 5 0 

..17 r-:-
J./ ~-

V,,. COLLECTOR·TO·EMITTER VOLTAGE (VOLTS) 

Figure 1 - Typical Output Characteristics, Motorola 2N1530 

It is in this portion of the data sheet that the de sign engineer can find the limits 
on those electrical parameters which are most important to his particular cir
cuit design. Whereas the absolute maximum specifications provide the limits 
beyond which reliable operation cannot be obtained, the electrical characteris
tics give the design centers around which practical circuits can evolve. When 
discussing any specific characteristics, the test conditions must be specified in 
order that a common understanding is held by both the user and the manufac
turer of the transistor. Almost every parameter listed on a data sheet is sub
ject to variation among manufacturers because of difficult test conditions. We 
shall now refer to the Motorola data sheet on the power transistor series from 
2N1539 thru 2Nl548 and discuss each parameter in order. (See Figure 2) 
COLLECTOR-BASE LEAKAGE CURRENTS 

ICBO is a very common term loosely used by designer and manufacturer and 
initially' used to signify the quality of a transistor. Actually, there exist three 
very definite ICBO' s which are important to the designer. The first is the reading 
taken at some low collector-base voltage, in this case 2 volts, with a maximum 
value of IC indicated at this voltage. 
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This for all practical purposes represents the thermal component of the col
lector current, which cannot be reduced by further decrease of V CB· This is 
trueforagiven temperature and is subject to change with temperature. As the 
ambient temperature increases, the leakage current increases. 

ELECTRICAL CHARACTERISTICS, GENERAL (At 2s•c Mounting Base Temperature) 

PARAMETER SYMBOL MIN TYP MAX UNIT 

Collector-Base Cutoff Current 1CBO 
V CB= -25V 2N1539, 2N1544 - - 2.0 mA 

VCB = -40V 2N1540, 2N1545 - - 2.0 mA 

VCB = -55V 2N1541, 2N1546 - - 2.0 mA 

V CB= -65V 2N1542, 2N1547 - - 2.0 mA 

VCB = -80V 2N1543, 2N1548 - - 2.0 mA 

Collector-Base Cutoff Current 1CBO 
V CB= -2V (all types) - - 200 µA 

Collector-Base Cutoff Current 1cBO 
at TB= +90°C - - 20 mA 

at V CB = 1/2 BV CES rating 

Emitter-Base Cutoff Current 1EBO 
V EB= 12V (all types) - - 0. 5 mA 

Collector-Emitter Breakdown Voltage BVCES 
le = 500mA, v EB = 0 

2N1539, 2Nl544 . 30 - - volts 
2Nl540, 2N1545 45 - - volts 
2N1541, 2N1546 60 - - volts 
2N1542, 2N1547 75 - - volts 
2N1543, 2N1548 90 - - volts 

Collector-Emitter Leakage Current 1CEX 
VBE=l.OV 

VCE = 40 2Nl539, 2Nl544 - - 20 mA 

V CE= 60 2Nl540, 2N1545 - - 20 mA 

VCE = 80 2N1541, 2N1546 - - 20 mA 

V CE= 100 2N1542, 2Nl547 - - 20 mA 

V CE= 120 2N1543, 2N1548 - - 20 mA 

Collector-Emttter Breakdown Voltage BVCEO 
IC = 500mA, IB = 0 

2N1539, 2N1544 20 - - volts 
2N1540, 2N1545 30 - - volts 
2N1541, 2N1546 40 - - volts 
2N1542, 2N1547 50 - - volts 
2Nl543, 2Nl548 60 - - volts 

Collector-Base Breakdown Voltage BVCBO 
IC= 20mA 

2Nl539, ,2N1544 40 - - volts 
2Nl540, 2N1545 60 - - volts 
2N1541, 2N1546 80 - - volts 
2N1542, 2N1547 100 - - volts 
2Nl543, 2Nl548 120 - - volts 

Figure 2 - Electrical Characteristics as given on a typical Motorola data sheet 
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ELECTRICAL CHARACTERISTICS, COMMON EMITTER(At 2s·c) 

PARAMETER SYMBOL MIN TYP MAX UNIT 

Current Gain hFE . -
V CE = -2V, IC = 3A 

2N1539, 2N1540, 2N1541, 2N1542, 2N1543 50 - 100 -
2N1544, 2N1545, 2N1546, 2N1547, 2N1548 75 - 150 -

Base-Emitter Drive Voltage VBE 
le = 3A, IB = 300mA 

2N1539, 2N1540, 2N1541, 2N1542, 2N1543 - - 0. 7 volts 
2N1544, 2N1545, 2N1546, 2N1547, 2N1548 - - 0. 5 volts 

Collector Saturation Voltage VCE(SAT) 
IC = 3A, IB = 300mA 

2N1539, 2N1540, 2N1541, 2N1542, 2N1543 - 0.2 0.6 volts 
2N1544, 2N1545, 2N1546, 2N1547, 2Nl548 - 0.1 0.3 volts 

Frequency Cutoff fae 
V CE = -2V, IC = 3A 

2N1539, 2N1540, 2Nl541, 2N1542, 2N1543 - 4 - kc 
2N1544, 2N1545, 2N1546, 2N1547, 2N1548 - 4 - kc 

Switching Characteristics 
IC= 3A 

Delay + Rise Time td +tr 
2N1539, 2N1540, 2N1541, 2N1542, 2N1543 - 5 - µS.f!C 
2N1544, 2N1545, 2N1546, 2N1547, 2N1548 - 5 - µsec 

Storage Time ts 
2N1539, 2N1540, 2N1541, 2N1542, 2N1543 - 3 - µsec 
2N1544, 2N1545, 2N1546, 2N1547, 2N1548 . - 3 - µsec 

Fall Time tf 
2N1539, 2Nl540, 2Nl541, 2Nl542, 2Nl543 - 5 - 1Jsec 
2N1544, 2Nl545, 2N1546, 2N1547, 2Nl548 - 8 - µsec 

Transconductance gFE 
V CE= -2V, le= 3A 

2N1539, 2Nl540, 2Nl541, 2N1542, 2N1543 3.0 6.0 - mhos 
2N1544, 2N1545, 2N1546, 2N1547, 2N1548 5.0 7.5 - mhos 

Figure 2 (continued) - Electrical Characteristics as given on a typical Motorola data sheet 

With this value, the designer can easily predict what the leakage will be at 
some higher temperature. Using the emperical rule that the thermal compo
nent of current will double for every 10°C, the design engineer can pinpoint the 
temperature component of the leakage current. 

COLLECTOR-BASE VOLTAGE CHARACTERISTICS 

The other ICBO which is important in high-temperature usage is that current 
due to the portion of the collector-base voltage characteristics which adds another 
maxi.mumlCBOto the temperature complement of the total leakage. The data
sheet indicates that V CB at 25 volts on the Motorola 2N1539 power transistor 
gives a maxi.mum leakage of 2 milliamps. This voltage component is not tem
perature sensitive. Therefore, the design engineer, wishing to determine his 
leakage valne at some higher temperature (e.g. TJ75°C), can safely assume 
that the maxi.mum increase in the thermal component of leakage current (le) will 
be 32 times 200 microamps. Adding to this the 2 milliamp voltage component 
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he could arrive at a value of 8. 4 milliamps maximum .leakage at 75 °C with 25 
volts across the transistor. All future references to temperature in this re
port will refer to the transistor case temperature and not the ambient tempera
ture. 

HIGH-TEMPERATURE COLLECTOR-BASE LEAKAGE CURRENTS 

Since there are many voltages and many applications to be considered, it is 
difficult for any manufacturer to specify leakage under all voltages at all tem
peratures. Motorola has led the way in specifying a guaranteed maximum leak
age at 90°C at a voltage which is within reliable usage of any given transistor. 
In this case, it is one-half the BVcES rating. The selection of the one-half 
BVCES voltage rating for the high-temperature test is an arbitrary one, but at 
a point where the device will be in a reliable operating area. 

EMITTER-BASE CUTOFF CURRENT Ueeol 

One of the least used parameters on a data sheet is IEBO· It is well to know 
the IEBO limit of any given junction within a transistor; therefore this limit is 
shown at a region where most design will be taking place. In most Motorola 
power transistors the emitter-base diode breakdown voltage rating is far greater 
than the 12 volts shown on the data sheet. This is indicated by the BVEBO listed 
under the absolute maximum ratings. 

COLLECTOR-EMITTER LEAKAGE CURRENT {lcexl 

The X in this symbol means that there is some known back-bias voltage ap
plied to the base-emitter diode. And, for each transistor this back-bias voltage 
must be specified as a test condition for any given ICEX or BVCEX rating. This 
rating is very useful in the design of converters. In this switching application, 
while one transistor is conducting the other transistor has been back-biased on 
the off condition thus waiting for transformer action to turn it back on. This 
rating is given as IcEX rather than BVcEX· 

It is much easier for a transistor to stand off a given voltage and guarantee 
that the current will not be above a certain maximum value than to apply a test 
current and see if the voltage will be above a certain minimum value. This test 
could be related to a second breakdown type of relationship. On many diodes, 
applying a given test current could show a voltage rating of many volts above the 
listed rating. 

Let us assume a condition where we apply 20 milliamps to the collector from 
a constant current source with a one volt base-emitter back bias. In some ex
treme cases, the collector-emitter voltage could go to 150 or 200 volts giving 
an extreme power dissipation problem, putting the device into the very danger
ous second breakdown region; thus, the reason for specifying IcEX rather than 
BVcEX· The reverse is true of the breakdown voltage collector to emitter 
(BV CEs), with the base and emitter short circuits. 

COLLECTOR-EMITTER BREAKDOWN (BV cesl 
The most important rating that the engineer can consider when selecting the 

transistor for his circuit is BV CES· (See Figure 3) 

Most all power transistor applications require source voltages, collector-to
emitter. This forces V CE ratings to be equal to or larger than the source volt
age. Inductive loads will make this requirement higher. For the design engi
neer, a useful rating would be BV CER which falls between BV CES and BV CEO 
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in applications utilizing alloy transistors. The test current of 500 milliamps 
for Motorola power transistors was selected to insure an adequate range of 
operation under this condition. On many of these test conditions, high dissipa
tion can be experienced with the combination of test voltage and test current. 
Therefore, many of these tests are specified as sweep tests or pulse tests where 
the duty cycle is low enough that the maximum junction temperature is not ex
ceeded. These tests should be performed with the transistor mounted on an 
adequate heat sink. 

COLLECTOR-EMITTER BREAKDOWN 

VOLTAGE WITH THE BASE OPEN (BVcEo) 

This test is related to ICBO and the 

gain characteristic hFE" With the base 

open, a condition can be reached where 
hFE will multiply the ICBO at a given 

voltage and start an avalanche condi
tion as the junction temperature rises 
due to self-heating. This can quickly 
reach breakdown conditions if not 

• carefully tested by the sweep method. 

r-ro 
I 

i,.--•o 

I 
~ 3 ..... -.j-•O..--+--+---+----<>----< 

8 
e 11----•o 

~ 211--+---+---+---+---+--+---i 
8 1--.i---t--20 
..9 

10 

50 100 150 

% RATED MAXIMUM COUECTOR-EMITIER VOLTAGE (BVp•.) 

Figure 3 - Collector Char1cteristlcs, Common Emitter 

Although BVcEO is the most difficult of all tests to meet, especially at high 
voltages, itis a condition which is occasionally met in actual operation, such as 
in series regulated power supplies and power amplifiers. In switching circuits 
this condition can be met instantaneously when the transistor is switched from on 
to off, thus passing a region where the base has infinite resistance or is essen
tially open. Motorola protects for this condition by showing the BV CEO rating 
on their data sheet and making it a part of their safe area curves. 

COLLECTOR-BASE BREAKDOWN VOLTAGE (BVc80) 

This rating will show the limitation of the collector-base junction, but is a 
rating which is only occasionally used in actual circuit considerations. Many 
engineers make the error of selecting a transistor based on this parameter put
ting themselves into a high priced, low availability category, when actually the 
true ratings could have been defined by BV CES· Circuits should be carefully 
analyzed to determine if BVcsoor some collector-to-emitter rating is the con
trolling factor. 

CURRENT GAIN (hFE) 

This is the most arbitrary of all test conditions listed on a data sheet. Motorola 
in designing power transistors, has calculated the structure to cent~r upon or 
yield a given gain at a given collector current depending upon market require
ments. For alloy transistors, current-gain is a function of collector-current 
and in most cases will decrease when Ic increases. {See Figure 4) 

It is best to design around data sheet limits. However, circuit requirement 
could dictate current gain spreads. Under these circumstances, it would be 
beneficial for the design engineer to work closely with the manufacturer to obtain 
a special device. This parameter is one that will vary to some degree with 
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life, and is therefore used as an end-of-life characteristic. It is with this re
alization that Motorola introduced their Meg-A- Life Program where end-of-life 
limits are given for both hFE and Icoo on industrial transistors. 

BASE TO EMITTER VOLTAGE {V ae> 

This parameter is very important to those who require knowledge of the input 
voltage at the specified test condition, especially to people designing converters 
and switching circuits. See Figure 5. The test for this parameter is usually 
performed with the transistor in saturation. 

240 .---.----.-1__,1__,c--.----~~~~~ 

Yes= 2.0V 
roOt--t--+-+--+----ji--+--+-+--+-----4 

z 160 t--t--+-+--+----ji--+--+-+--+-----4 

ii ~ _f_~N1544 !;: N1539 
~ 120 r----r-_..,...::-+--t--t-1r---t--+-+--+----i 

j t'--l ~-r--+--+-.j..._j 
80 tll\1:1~::t=t=t=tj 

\JtfiN1548 
N1543 

~t---t--+--t-'"--t----ji--+--+-+--+-----4 

10 , COLLECTOR CURRENT (AMPS) 

Figure 4 - Current Gain versus Collector Current 

SATURATION VOLTAGE {V CE sot> 

0·6 t--+----+-+--+-t----+-=v.-'-.-_~2.+-ov,---+--__, 
;;; ,.-,____,__ 2N1539-1543 
i!j o j----jf-+--l--:7''!"LJ.-=--.1-Hr-t-_:2N!S44-1548 ~ .,,.s rr- ~ 

~ _y~ 1:r 
~ 
.j 0.2 

0.1 t-----+--+-+-----+--+---+--+--+----+----1 

o.__......___.~_.____,_~.__......___.~_.____,___. 

o w ro ~ ~ ~ ro ro M oo ~ 
I., BASE CURRENT (mA) 

Figure 5 - Emitter-Base Voltage versus Base Current 

Saturation voltage, VCEsat (See Figure 6) is the minimum voltage necessary 
to sustain normal transistor action at a particular collector- current. At col
lector voltages, lower than V CEsat, 

the base -collector diode is forward 
biased and the current-voltage re
lationship changes abruptly. Thus, 
the saturation voltage is the minimum 
collector -emitter voltage required to 
maintain full conduction when enough 
base drive is supplied. Further appli
cations of base drive will reduce 
VCEsat with diminishing effec~. Since 

the V CEsat VS le curve is almost a 

straight line, some transistor manu
facturers list the characteristic as 
saturation resistance (VCEsat· VCEsat 
is part of the output ·characteristic. 

Transistor efficiency in converters 
is a function of switching speed and 
power dissipated in the fully-on 
condition. A very low saturation 

;;; 
~ 4t-~---t~__,,,..-t-~~.,.....--:-:"'"'"':-t-~---1 

5 

0.5 1.0 1.5 2.0 2.5 

V0 ,, COLLECTOR-TO-EMITTER VOLTAGE (VOLTS) 

Figure 6 - Output Characteristics, Saturation 
Region, Motorola 2N351A 

12-9 



--Motorola Reference Material--

voltage is .extremely desirable and is a function of the collector-current and 
base-current drive. Saturation voltage will increase with an increase in col
lector current and will also be inversely related to the gain (hFE) of the 
transistor. 

COMMON EMITTER-CUTOFF FREQUENCY (fael 

Current gain frequency cutoff (fae) for the common emitter configuration, (also 
called the beta cutoff frequency) is the frequency where the small-signal, for
ward-current gain is . 707 of the current gain value to be found at a given ref
erence frequency. The . 707 point represents a 3 db. reduction in current gain. 
The common emitter cutoff frequency Fab is usually between 5 Kc and 10 Kc for 
power transistors. The common base frequency cutoff F ab (generally not spec
ified for power transistors) is approximately equal to hfe times fae· 

SECOND BREAKDOWN VOLTAGE 

Second Breakdown Voltage, a destructive condition, was first observed when 
the first breakdown condition (VBE = 0) was allowed to continue until point "A" 
was reached as illustrated by line 4 (BV CES) of Figure 7. The current was 
allowed to increase after the curve had entered into the first negative resistance 
portion and a second negative resistance occurred which switched the charac
teristic onto Line 7 of Figure 7. Further investigation has shown that other 
base-emitter conditions trigger second breakdown. If the base-shorted-to-the
emitter (VBE = 0) condition is used as a reference point, there exists a locus 
of points where second breakdown is initiated for both negative and positive 
base-to-emitter voltage conditions, which is shown by the dashed line. Thus, 
high negative base drive will cause second breakdown to be generated at much 
greater collector current by a lower collector voltage than at the VBE = 0 
point. When the base is positive, the locus is more difficult to determine since 
the trigger point lies in a negative resistance region. The exact locus varies 
considerably from one device to the next. However, if the collector diode 
breakdown and the BV CES are within specifications for the transistor, the locus 
will always be to the right of and above lines D-E and E-F shown in Figure 8. 

CD -IB < 0 OR -v •• < 0 

® le= 0 BVcEO 

@ IB > 0 (+ BVc .. l 

@ VB• = 0 (BVca.J 

® V8 , > 0 (+ON BASE) 

@ IE= 0 (BVceol 

(i) SECOND BREAKDOWN LINE 

§ 
~ LOCUS Of SECOND :> 
<> BREAKDOWN TRIGGER POINTS 

"' e 
~ 
i5 
<> 
..P 

Vo., COLLECTOR·TO·EMITTER VOLTAGE 

Figure 7 - Collector Current versus Collector-to-Emitter 
Voltage 
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Triggering second breakdown from positive base drive almost always results 
in a collector-to-emitter short or a drastically altered transistor. Negative 
drive action does not appear to be as drastic and usually the phenomenon can be 
observed repeatedly on a curve tracer. 

The exact physical reaction is still somewhat of a mystery, although the re
sults of other types of breakdown have been fully described. Second breakdown 
seems to result in a"channeling of current" between the collector and emitter. 
In second breakdown the collector-to-base junction exhibits certain instabilities 
when high voltage is applied. The point at which these instabilities occur is con
trolled by the voltage imposed on the base-to-emitter junction. This spot heat
ing can actually melt the germanium and allow the indium of the collector and 
the emitter to flow together producing a collector-emitter short. 

The locus of points where second breakdown occurs is independent of tempera
ture within normal operating ranges. However, as temperature changes, a par
ticular point on the locus will shift with a certain base-emitter condition. For 
instance, as temperature increases, the VBE = 0 point will shift toward the 
IB = 0 line. This is because more lcBO flows through the internal base re
sistance (RBB') which causes the internal base-emitter junction to see a more 
negative voltage on the base side. In fact, high ICBO current will cause the 
VBE = 0 line to lose its negative resistance portion (the tail) and approach the 
low temperature IB = 0 case. 

DETERMINATION OF PEAK POWER 

The peak allowable power is: 

p (T1-T.a-flu.Pn) 

P- lie (t,) +Bc11.(li/t) 

c,. is a coefficient of power as obtained from the chart. T, is 
junction temperature 1n •c; T ... is ambient temperature in •c; 
'": is junction to case thermal resistance in °C/W; '"'" is case 
to ambient thermal resistance in •ctw: du is the sum of 
lie + lc1o: t, is pulse width; t is the pulse period; (t,/t) is the 
duty cycle; p,.,. is a Constant power dissi_Pation and Pr is 
the additional allowable pulse power dissipation above the 
amount of P1111. 
The above equation is usable when a heat sink is used which 
has thermal capacity very much larger than the transistors 
thermal capacity. 

The chart is normalized with respect to the. thermal time con
stant, which is on the order of 50 milliseconds for these power 
transislors. 

~~!':PIE t,-1~1 t 
P1a=10W T.t=40°C ~' ~ 
Pulse width (t,) = 1 msec ~ 
DutyCycle=20% __ a.. 

:;: ~ J.~C::bY/w T1nua = 100°C p~11 TIME

Solution: ~~~~ ~hy~f:ib~l.1~i~d Cr 1='"r~~~~ti~~ 
100- 40- (3 + 0.8) 10 

PP= 0.8+3x.2 
T 

PP = 29 watts in addition to the steady 
10 watts resulting in 39 waits peak. 

PEAK POWER DERATING CURVE 

to·~ tQ·l 

t,/ '"PULSE WlOTH/THERMAL TIME CONSTANT 

Caution In all cases the peak pulse 
power should stay within the Safe 
Operating Area. 

Figure 9 - Peak Power Derating 
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A well specified transistor data sheet will contain all of the above informa
tion. Some designs do not require specifications other than voltage, power 
dissipation and gain. The extreme requirements of present day industrial equip
ment as well as military specifications in most cases taxes the ingenuity of the 
design engineer and the time available for him to design the best equipment. 
TIME WHICH CAN BE SAVED DUE TO PROPER SPECIFICATION IS JUST AS 
IMPORTANT AS TIME SAVED DUE TO PROPER DESIGN. Because the semi
conductor industry is relatively new and because of the questions and problems 
that can arise involving the use of semiconductors, a design engineer can lose 
much valuable time if he is forced to discontinue design operations due to the 
lack of information. A good data sheet can clearly eliminate this delay. 
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DETERMINING MAXIMUM RELIABLE LOAD LINES 

FOR POWER TRANSISTORS 

Operation of power transistors within their power-temperature ratings alone 
is not a sufficient safeguard to guarantee circuit reliability. An additional con
sideration of the allowable collector-emitter voltage vs. collector current must 
be taken into account, otherwise a distinctive condition termed "secondary 
breakdown" can occur. 

To avoid this secondary breakdown condition, it is necessary to maintain the 
load line within safe voltage and current limits. 

As described later, secondary breakdown is a function of time in addition to 
voltage or current and, since transistors can be operated at an infinite number 
of time intervals and operating points, reliable load line operation is specified 
by safe operating areas including time as a parameter. 

SECONDARY BREAKDOWN 

For a fixed bias on the base-emitter junction, as collector voltage is in
creased on a power transistor the collector current increases slowly to acer
tain point at which the increase be com es rapid and an avalanche condition exists. 
The collector voltage at which avalanche occurs is determined by the voltage 
condition across the emitter-base junction. In other words, the transistor bias 
condition determines the point of avaianche. Avalanche in itself is nondestruc
tive if power dissipation is limited, but a destructive breakdown can occur if 
the collector current is allowed to increase to a high value. This is called 
"second breakdown"l, 2, 3. 

Second breakdown is associated with the collector-base junction, and is con
trolled by the emitter-base junction. The electrical interplay of the junctions 
is such that second breakdown is triggered at lower voltages as collector cur
rent is increased. The locus of secondary breakdown trigger points is shown 
in Figure 1 for a 1/2 ware 60 cps pulse. 

The exact action of second break
down is not known but seems to be 
associated with a sudden concentra -
tion of energy into a small area, the 
energy being a function of collector 
voltage, collector current, and time. 
This concentrated energy dissipates 
power in a very small volume which 
causes the temperature to exceed the 
melting point of the semiconductor 
material. The two junctions can then 
flow together causing a collector-to
emitter short. 
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PULSE TEST 
To establish safe operating areas, through destructive testing, for various 

pulse widths, the test circuit shown in Fig. 2 was developed. In this circuit, 
a reverse bias sufficient to keep the transistor cut off until the pulse is applied, 
is always present between base and emitter. The 10-ohm resistor in the bias 
circuit is necessary to permit a negative voltage to build up and turn on the 
transistor when the pulse is applied. 

The pulse test signal is obtained 
from a pulse generator and a tran
sistor amplifier. The amplifiertran
sistor must be a high-speed german
ium device such as a 2N2832. The 
pulse amplitude is controlled by set
ting the output of the pulse generator 
high enough to saturate the amplifier 
transistor. The signal into the tran
sistor under test is controlled by 
varying the collector supply voltage. 

The output waveform is m-0nitored 
on an XYoscilloscope across a sens
ing resistor which is madefrom Can
thol type A-1 flat ribbon. A O. 1-ohm 
sensing resistor is used for collector 
currents below five amperes and a 
O. 01-ohm sensing resistor is used at 
higher collector currents. 

'""" PQlS( 

PULSE AMPUFIDI 

+ + 

IY 
SCOPli 

HDRIZOltTAL 

v,, +2: ==i - r--
-LT- COMMON ltvEIT 

*R 1 SENSING RESISTOR 

~ . / ,..,.J 
L IANTHOL TYPE A-1 FLAT RIBBDI 

le OLJ 

Fig. 2 Circuit used to establish safe operating areas. 

To keep the voltage drop in the interconnecting wiring to a negligible value, 
number 10 wire is used for circuit connections and number 4 stranded cable is 
employed for connecting to the batteries used as the voltage source. 

The 500 µf capacitor bypasses voltage transients resulting from the rapid 
change of current through the inductance of the connecting leads. The fuse or 
circuit breaker is necessary to prevent burning out the sensing resistor or other 
components when the transistor shorts. 

The source voltage is set at a fixed level in steps of 12 volts each. Collector 
current is increased by increasing the base drive until second breakdown oc
curs. A short occurs, since. no current limiting is used. 

PLOT OF BREAKDOWNS 

The voltage and current failure point is observed on the XY scope and re
corded on a graph similar to Fig. 3. To establish a usable safe area curve, 
at least 5 to 10 transistors are tested and destroyed at each pulse width and 
voltage. To construct the safe area curve on the graph, a line is drawn con
necting the worst-case points of each voltage group. 

Notice that, regardless of the pulse width, as current is increased the device 
will withstand less voltage. 

Using an average of the failure points from Fig. 3, the typical graph of energy 
in watt-seconds required for second breakdown is plotted in Fig. 4. The shape 
of these curves is logical since as current increases the effective emitter area 
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decreases and as voltage increases the effective base width decreases. Thus, 
as current and voltage increase there is a continuous shrinking of the active 
volume containing the energy. 

2Sop- I FAILURE POINT 
251-f-6-----"'1--150 puc +- CODE: 

s 11 uc • 2511uc 

500puc 

0 

• 5011uc 
a 250puc 

--t--1.-i----1-~~ ~~o~ ... 
A 5MllC 

CURVED LINES 
--1~-4--4lt-4*--+SHOW WORST FAILURE 

LOCUS 

50 200 VOLTS 

COLLECTOR EMITTER VOLTAGE 

l.D ' F=::: [:=:; ~ r--t--~ .... 
= ..}.; 

~'•· ..... 

1 ~ ~ 
~ ~ 

\ ~ [! 1' 
I 

.. 
I 
i 

D. 

~ l\-
I 

0.05 

••• ID " 
,. 25 ,. 35 

CDllECTOI CURRENf IN AMPERES 

Ra. 4. Typic1I eneru rt••lred to cause tr1nslstor lollurt is plotted 
qainst cun11t witll 1 c1nst11t vtlt111 applied. 

It is difficult to relate the results theoretically, due to all the variables which 
affect current crowding, although the effect of base width changing with voltage 
is a well-known expression. Also, since base width decreases .with voltage, the 
effective base resistance increases due to the transverE:le area shrinking, which 
intensifies the current crowding. 

DC TESTS 

The test circuit used to determine 
failures underdc and long-time pulse 
conditions is shown in Fig. 5. A com
mon-base circuit is used forthis test 
to prevent thermal runaway. 

Also, since power levels approach
ing 200watts maybeencountereddur
ing tests, a water-cooled heat sink is 
necessary. The heat sink consists of 
a 4" X 4" X 1/8" copper sheet with a 
"U'' shaped copper tubing soldered 
tci it around the transistor mounting 
area. ·Ice water is circulated through 
the tubing to remove heat from the 
copper plate. 
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The de failure points were determined in a similar manner as previously 
described for the pulse tests. 

POWER-TEMPERATURE DERATING vs SAFE AREA 

This application note shows safe area curves for many Motorola Power Tran
sistors and includes de-ratings due to temperature effects. In addition to the 
Safe Areas, a power dissipation curve is plotted for each device. This power 
curve represents the allowable average power which could be dissipated at a 
given case temperature (usually 25°C) without exceeding the particular maxi
mum junction temperature. At higher case temperatures the allowable average 
power will be less depending on thermal resistance and the power area would 
be represented by a curve drawn to the left and below the one shown. Jn gen
eral, the allowable power at 25°C (case) is beyond the allowable de and long
time pulse safe areas and the device is breakdown-voltage limited. However, 
at higher case temperatures the device may be power-dissipation limited. 

In any event, both average power-temperature de-rating and safe areas must 
be obeyed. In addition, the switching of power causes time-dependent tem
perature increases which are of concern but are separate from the safe area 
considerations. 

This temperature dependency is associated with the thermal time constant of 
the transistor and a discussion is included in the Motorola Power Transistor 
Handbook and on most data sheets under a heading of "Peak Power" or "Pulse 
Power". 

The proper control of temperature rise and peak power will insure that the 
maximum junction temperature is not exceeded. In addition, the proper control 
of pulse load line to stay within the applicable Safe Area curve will insure that 
a collector to emitter short will not be caused. 

EXTENSION TO COLLECTOR-BASE BREAKDOWN 

Some devices have a collector-base breakdown rating greater than the 
collector-emitter breakdown. Operation is allowable in the region between 
VCE(max) and VCB(max); however, it is recommended that the current be kept 
as low as possible by back biasing of the base-emitter junction. 

APPLICATION CHECKS 

The safe areas were double checked in the following applications to see if the 
pulse safe area curves were meaningful: (1) audio, (2) solenoid driver, (3) power 
inverter, and for de safe area, (4) low frequency audio and de regulators. 

(1) Audio 

The audio application was used to test low-frequency effects which should 
correlate with the 5 millisecond safe areas. Devices were put into the class A 
circuit shown in Fig. 6, with an ac resistive load, the de being bypassed by a 
shunt inductance. The input was deliberately overdriven and then the load re -
sistor removed to obtain a reactive load line. 

It was hoped that an elliptical load line could be obtained with an excursion 
controlled by drive voltag~ and with time of the excursion controlled by fre
quency. While this did occur, the excursion was very low at high frequencies 
and thus the fast pulse areas· could not be probed. At frequencies between 50 -
200 cps, a large excursion was possible and failures were caused by exceeding 
the 5 msec safe area curve. 
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(2) Solenoid Driver 
The solenoid driver consisted of controlling the load line with a suppression 

diode across the inductance or a zener diode across the transistor. The diode 
across the inductance clamps the load line excursion at the de source voltage as 
indicated in Fig. 7. The zener diode method resulted in a rectangular load line 
as indicated in Fig. 8 and clamping occurs at the zener voltage. 

A word of caution is necessary concerning this application. The fast switch
ing can cause induced voltage in long lead lengths to the power supply. Thus, 
it is necessary to connect the suppression diode as close to the collector as 
possible and use a clamping capacitor from the emitter to the connecting point 
of the diode and inductance. When using the zener diode it should be soldered 
as close to the emitter and collector pin as possible. No failures occurred when 
the load line was contained within the 25-µsec safe area curve. 

(3) Power Inverters 

One of the most critical operations of power transistors is in inverter cir
cuits similar to that shown in Fig. 9. A typical inverter circuit was used to 
test several types of power transistors. The load line was observed while hold
ing the peak current constant and increasing the voltage until failures occurred. 
Then the current was increased at a constant supply voltage until failures were 
encountered. Cases of failure occurred after the load line was well beyond the 
25-µsec safe area. 

AUDIO GENERATOR SENSE 

INTER· 
MITTENT 
LOAD 
RESISTOR 
CAUSES 
REACTIVE 
LOAD LINE 

INPUT PULSE (REPETITIVE OR SINGLE SHOT) 

R •• 

VcE-

I MAX= Vcc/R 

TYPICAL 
LOAD LINE 

TYPICAL 
LOAD LINE 

YcE- v, 
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Fig. 6. Transistor arrange
ment for a class A audio 
circuit. 

Fig. 7 Circuit for a tran
sistor solenoid driver with 
diode suppression. 

fig. 8. Circuit for transis
torized solenoid driver with 
zener diode. 
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t 
1, 

TYPICAt LOAO LIN£ 

Ve:£-

(4) DC and Low Frequency Audio 

Fig. 9. Circuit arrangement 
for inverter. 

In de applications such as voltage regulators and in low frequency (below 100 
cycle) audio circuits, the de .safe-area curve in conjunction with the power
temperature derating curve establishes reliable operating limits. Depending 
upon the device type and case temperature, the load· line may be limited by 
either the power dissipation rating or the de safe-area rating. In some in
stances, the de safe limit and the power dissipation limit can cross. In this 
case, the load line limit would be established at low_ currents and high voltage 
by the de safe limit and by the power dissipation limit at high current and low 
voltage. 

The above discussion also applies to low duty cycle surge conditions such as 
encountered in incandescent lamp flashers where low initial resistance of the 
lamp permits a high-current surge for 50 to 100 milliseconds. This can trigger 
secondary breakdown even though succeeding current pulses are very low after 
the lamp resistance increases. 
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FACTORS INFLUENCING SELECTION OF COMMERCIAL 

POWER TRANSISTOR HEAT SINKS 

Among the vast number of commercial power transistor heat sinks (over 200 
catalog types) , there are several factors which influence choice of types for 
given applications. The photograph in Figure 1 is a good illustration of the wide 
variety available. The results of tests compare the thermal resistance of var
ious heat sinks with variations in weight, area, volume, shape and color and a 
selection chart will facilitate the best choice of heat sink. 

TEST PROCEDURES 

Tests were organized to establish the heat sink-to-ambient thermal resistance 
of 31 different types, and the weight, area and volume were measured for each. 

T0-3 and T0-36 power transistor packages were used depending upon the hole 
pattern in the samples. The bench test setup was as indicated in Figure 3. A 
correlation setup was also used in a closed oven, but with such close results 
that the open air bench test was used for convenience. All types were tested 
with the fins held in a vertical plane. 

A constant power, usually 5 or 10 watts, was dissipated in the transistor. 
Regulated current and voltage were supplied from sources such as shown in 
Figure 4. The current and voltage were measured to an accuracy of 2 per cent. 
The ambient temperature was measured with a bulb type mercury thermometer 
at a point six inches away from the lower edge of the heat sink. The heat sink 
temperatures were measured by staking a thermocouple into a small silicone 
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grease-filled hole. The casetemperatureof T0-36 "doorknob" transistors was 
measured by staking a thermocouple into a hole drilled into the stud to a depth 
almost level with the round mounting base. The case temperatures of the T0-3 
"diamond" transistors were measured by soldering a thermocouple to a solder 
lug which was fastened between the case and one of the mounting screws. These 
methods are detailed in Figure 5. The heat sink temperatures were calculated 
by subtracting an estimated interface thermal resistance of 0. 2°C/W between 
heat sink and transistor. 

MERCURY 
THERMOMETER 

HEAT SINK 

6" 
POWER 
SUPPLY 

TEMPERATURE 
BRIDGE 

Figure 3 - Bench test ,...up. 

No attempt was made to investi
gate the various considerations of 
restricted air flow, surface temper
ature, nearby reflecting surfaces, 
etc. In actual practice almost each 
installation is unique, and transistor 
cases in prototype equipment should 
be monitored with a thermocou
ple under the worst conditions. 

TEST RESULTS 

Table Ia and lb are comprehensive 
listings of test results in order of 
heat sink code number. From these 
tables important factors about a heat 
sink may be obtained, such as shape, 
size, weight, exposed surface area, 
and volume, which allow the designer 
to determine whether a particular 
heat sink fits into his packaging plan. 
The finish and thermal resistance 
are also included. 

MEAT SINK 
\:,...::---...---i 
~ ... --
t: : 

/r· 
REGULATED 

~SUPPLIES 

VEE-=._..........-

r 
Fi11ure 4 - Electrical circuit. 

THERMOCOUPLE LEADS. 
DOOR KNOB (TO H) 

THERMOCOUPLE SOLDIRID 

To compare performance of cylin
drical-fin heat sinks with that offlat
fin types, the area versus thermal 
resistance has been plotted in Figure 
6. The graph in Figure 6 shows four 
average slopes of thermal resistance 
versus total surface area for: 
(1) sq u a r e sheets of bright 
1/8 inch aluminum; (2) flat 

~ ,~[~ 
DIAMOND (TO 3) 

• Figure S - Tbermoc:ouple •-hmeat. 
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vertical-finned, black-finished types (these are usually aluminum extrusions); 
(3) vertical cylindrical fluted types, black finish (aluminum castings); (4) cylin
drical horizontal fins, black finish (sheet metal rings). It should be noted that 
heat sinks 2, 3, 12, and 14 have flat vertical fins but are not painted black, and 
thus have somewhat higher thermal resistance due to less heat radiation. 

TABLE Ia 

FREE AIR TYPES 

!code 
No. Shape 

Flat-finned Extrusion 

2 Flat-finned Extrusion 

3 Flat-finned Extrusion 

4 Flat-finned Extrusion 

Flat-finned Extrusion 

6 Flat-finned Extrusion 

7 Flat-finned Extrusion 

8 Flat-finned Extrusion 

9 Flat-finned Extrusion 

10 Flat-finned Extrusion 

11 Flat-finned Extrusion 

12 Flat-finned Extrusion 

13 Flat-finned Extrusion 

14 Flat-finned Extrusion 

15 Cyllndrical Horizontal 

Surface 
Area L 

(sq. in) (in.) 

65 

65 

65 

60 

95 

64 

83 

44 

137 

250 

130 

78 

62 

78 

3.0 

3.0 

3. 0 

3.0 

3.0 

3.0 

3.0 

1. 5 

3.0 

5. 5 

6 

3.0 

3.0 

3.0 

Fin, Machined Casting 30 1. 75 Dia. 

16 Cylindrical Horizontal 
Fin, Machined Casting 50 1. 75 Dia. 

17 Cylindrical Horizontal 
Fin, Machined Casting 37 1. 75 Dia. 

18 Cylindrical Vertical 
Fins, Casting 7. 5 I. 5 Dia. 

19 Cylindrical Vertical 
Fins, Casting 12 I. 5 Dia. 

20 Cylindrical Vertical 
Fins, Casting 25 1. 5 Dia. 

21 Cylindrical Vertical 
Fins, Casting 35 1. 5 Dia. 

22 Cylindrical Vertical 
Fins, Casting 

23 Cylindrical Vertical 
Fins, Casting 

24 Flat-Finned Casting 

25 Square Vertical 
Fin, Sheet Metal 

26 Cylindrical Vertical 
Fin, Sheet Metal 

27 Cylindrical Horizontal 
Fin, Sheet Metal 

28 Cylindrical Horizontal 
Fin,· Sheet Metal 

32 

20 

23 

12 

15 

6 

55 

2. 5 Dia. 

2. 5 Dia. 

.1.86 

1. 7 

2.31 Dia. 

1.81 Dia. 

2. 5 Dia. 

W H Vol. Weight 
(in.) (in.) (cu. in)(grams) 

3. 6 

3. 6 

3. 6 

4.0 

4.0 

3.8 

4.0 

4.0 

4.0 

4. 0 

3.6 

3.8 

3.8 

4. 5 

1. 0 10. 8 114 

I. 0 10.8 114 

1. 0 10. 8 114 

. 69 8.3 123 

I. 28 15. 3 189 

1. 3 15. 0 155 

I. 25 15. 0 140 

I. 25 7. 5 75 

2. 63 31. 5 253 

2. 63 58. 0 461 

1. 0 21. 5 253 

I. 1 12. 5 190 

1. 3 15. 0 170 

1. 0 13. 5 146 

0. 84 2.0 40 

1.5 3.6 67 

1. 5 3. 6 48 

0. 9 4.4 33 

1. 4 6. 9 51 

2. 9 14. 2 112 

3. 4 16. 7 132 

1. 5 7.4 94 

0. 5 

1. 86 1. 2 

2. 45 48 

4.15 87 

1.7 1.0 2.9 19 

0.81 3. 35 18 

0.56 1. 44 20 

1. 1 5. 4 115 
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Finish 

Anod. Black 

Bright Alum. 

Gray 

Anod. Black 

Anod. Black 

Black Paint 

Anod. Black 

Anod. Black 

Anod. Black 

Anod. Black 

Anod. Black 

Gray MMI 

Gray MMI 

Gold Alodine 

Anod. Black 

Anod. Black 

Anod. Black 

Anod. Black 

Anod. Black 

Anod. Black 

Anod. Black 

Anod. Black 

Anod. Black 

Anod. Black 

Anod. Black 

Black 

Anod. Black 

Gold Irridate 

Thermal 
Resistance 

°C/W 

2.4 

3. 0 

2.8 

2.8 

2.1 

2. 2 

2. 2 

3.0 

I. 45 

1.10 

1. 75 

2.9 

2.2 

3.0 

8.5 

7.1 

6. 65 

8.1 

7.0 

5. 6 

5.1 

4. 5 

6. 6 

5.06 

7. 4 

7.1 

9.15 

7.9 
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The empirical expression, 6sA = 
32. 6A-. 472, fits the "square alumi
num" line, where A is total surface 
area in square inches, and 6sA is in 
°C/W. Both the flat-finned types and 
vertical fluted cylindrical types had 
almost identical slopes, compared to 
the single square fin, indicating for 
a given change in area, the change in 
sink-to-ambient thermal resistance 
would be approximately the same for 
both types. The ring horizontal fin 
types showed a much steeper 
slope although these were mounted 
with the fins in the vertical plane. 

Fig. 
1 & 2 
Code 
No. 

29 
30 

31 

TABLE.lb 

Conditions 

AIR COOLED TYPES 

10 cu ft/min of air 
10 cu ft/ min of air 

WATER COOLED TYPES 

0. 04 cu ft/min 

Thermal 
Resistance 

0.4'C/W 
1. 2'C/W 

0. 45°C/W 

MISCELLANEOUS TYPES - NO TEST RESULTS 

This indicates there is relatively little change in thermal resistance with varia
tions in the surface area of the ring horizontal fin types. 

Figure 7 shows the thermal resistance plotted as a function of volume dis -
placement. According to these tests, heat sinks No. 2 (bright aluminum), No. 
3 (gray finish), No. 12 (gray MM!), and No. 14 (gold alodine) have approxi
mately 0. 3 to 0. 8 °C/W higher thermal ·resistance than the flat vertical fins 
with black finish. The performance of cylindrical vertical fin casting types 
22, 23, flat-finned casting type No. 241 and a cylindrical vertical fin sheet 
metal type 25, corresponds very closely with that of the square, 1/8 inch bright 
aluminum heat sink with respect to volume. 

Another important consideration is the heat sink weight. The thermal re
sistance as a function of weight is plotted in Figure 8. The correlation line 
for flat vertical fins is very similiar to the area and volume results. This is 
to be expected, since all the heat sinks were made of aluminum of about the 
same thickness. The correlation lines for both cylindrical types (vertical and 
horizontal fins) are similar to the area results. However, the weight results 
approach the square aluminum fin performance more so that did the area re-

100 

50 

~ 
30 

" ~ 
.s: .. 
~ 
~ ~ 
~ il 

~ ~ 10 

~ 
:i 8 
~ 

~ 

THERMAL RESISTANCE, 0 SA ("C/W) 

Figure 6 - Surface area vs. 8sA· 
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~3 '!\ ~io \ 12 I \ CYUNDRICAL 

\ I\ SQUARE BRIGHT 

-~ L~ t/it-~LUMINUM 
I-'\ y l 

t '!3'2 k::: VERTICAL FINS 
~ ~ :r BLACK ALUMINUM ~ 

3456810 .. 30 40 

THERMAL RESISTANCE, HEAT SINK, 9SA {"C/W) 

Figure 7 - Volume vs. 6u· 
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sults. Thus, from weight considerations there is an advantage of using the flat 
vertical fin design. 

1000 
110 
110 
170 

110 

190 

140 

130 

110 

115 

Cl) 

::I! 100 
C( 

'° a: 
(!) eo 

70 
!!!: 10 ... so i 
iii· 40 
:ii: 

30 

25 

20 

IS 

10 

• II 

FLAT 
VERTICAL 
FINS 

/ SQUARE BRIGHT 

y8 " ALUMINUM 

o :-.- CYLINDRICAL HORIZONTAL FINS 
(FINS HELD VERTICAL IN TEST) 

11 ....---CYLINDRICAL VERTICAL FINS 
..- BLACK ALUMINUM 

BLACK ALUMINUN 11•• 
u 

1s 20 2s ao 40 so 101010 

THERMAL RESISTANCE OC/w 

Figure 8 - BsA vs. weight. 

According to Figures 6, 7, and 8, the flat extruded fin type heat sink is the 
most efficient for heat transfer. Of the flat fin types tested, the thermal re
sistance ranged from about 3°C/Wwith a surface area of 44 sq. in. to 1.1°C/W 
with an area of 250 sq. in. The same change in thermal resistance occurs with 
change in volume of the flat fin ty:pes. Since the slope of thermal resistance 
for 1/8 inch aluminum sheets is approximately the same as the black flat fins, 
the aluminum sheets painted black would probably offer similar performance 
and less cost. 

Heat transfer, and consequently thermal resistance, is dependent mainly on 
exposed surface area, and changes in shape and volume offer relatively little 
advantage. The shape is important only in that it affects the final packaging 
configuration. Of course power level, type of chassis, and whether or not 
blowers or water cooling is available, must also be considered. 

CHOICE OF HEAT SINK 

As has been noted, many considerations affect the choice of the best heat sink 
to do a specific job. The value of necessary thermal resistance is, of course, 
the primary consideration and a designer should not exceed maximum thermal 
resistances in making his selection. However, it is not always easy to use one 
with the smallest volume and least area which would have adequately low ther
mal resistance. Indeed the shape factor, flat or round, etc. , is the reason for 
so, many available types. 
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Table II provides a logical method 
of selecting the best heat sink for a 
given application. First considera
tion is thermal resistance. The re
sults listed are from tests in free air. 
In the equipment package there are 
air restrictions, chassis heat con
duction, and other heat sources which 
were not considered in these tests. 
Thus several other types having a 
lower thermal resistance than re
quired should be considreed to as
sure a safety margin after packaging. 
A choice should also be maintained 
in the second consideration - shape. 
Three common conditions are list
ed - (1) the standard 3 inch chassis 
where the heat sink would be mounted 
vertically on the side of the chassis; 
(2) circuit card, where a small heat 
is useful; (3) some type of cylindri
cal container. 

Other considerations should include 
availability of air or water cooling 
and whether or not.several transistors 
are to be stacked. The following list 
of heat sink manufacturers, compiled 
at the time of this article, should be 
contacted for additional information 
and exact specifications. 
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TABLE II 

Heat Sink Selection Guide 

Heat Sink Choice 
(by code number -

Considera- see Tables Ia & lb 
t!on Conditions & Figures 1 & 2) 

Thermal 
Resistance o too. 5°C/W 31 (water cooled) 

o. 51 to 1. O (Note 1) 

1. 01 to 2. O 9, 10, 11 

2. 01 to 3. O 1, 2, 3, 4, 5, 6, 7, 
8, 12, 13, 14 

3. 01 to 5. 0 22 

5. 01 to 7. 0 17, 19, 20, 21, 23, 
24 

7.01to10.0 15, 18, 25, 26, 27' 
28 

Shape 
Factor 3" Chassis 1, 2, 3, 4, 5, 6, 7, 

8, 9, 13, 14 

Circuit Card 15, 18, 25, 26, 27, 
28, 33 

Cylindrical 16, 17, 19, 20, 21, 
Container 22, 23 

Blower Self 
Channeled 
Air 29, 30, 40 

Forced Air All except 18, 19, 
20, 21, 31, 32 

Water Circulating 
Water 31, 32 

Stacked Easily 
Sinks Stacked 4, 5, 14, 30 

Price & 
Availability This we leave to the reader. 

1. Many of the heat sinks will fall in these 
lower categories if blown air Is used. 
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UNDERSTANDING TRANSISTOR RESPONSE PARAMETERS 

THE RANGE OF FREQUENCIES over which a transistor performs a useful 
circuit function is limited by inherent parameters. Manufacturers' data sheets 
usually specify only one or two of these parameters, while the user may need 
others. Therefore, a clear understanding of these parameters and the relation
ships between them is of value evaluating transistor performance. 

Typical of such parameters is hfb (alpha, the common base a-c short-circuit 
forward current gain). As frequency is increased, hfb remains approximately 
equal to hfbo (the value of hfb at 1 kc). After the upper frequency limit is 
reached, hfb begins to decrease rapidly. 

The frequency at which a significant decrease in hfb occurs provides a basis 
for comparison of the expected high frequency performance of different tran
sistors. The common base current gain cutoff frequency, fab, is defined as 
that frequency at which hfb is 3 db below hfbo. Expressed in magnitude, hfb at 
fab, is 70. 7 per cent of hfbo· Power gains, current gains, and voltage gains 
for a few common decibel values are found in Table 1. A curve of hfb versus 
frequency for a transistor with an fab of 1 me is shown in Fig. 1. 

This curve has the following signifi
cant characteristics: (1) at frequencies 
below fab• ~is nearly constant and 
approximate(y equal to hfbo; (2) hfb 
begins to decrease significantly in the 
region of fab; (3) above fab• the rate 
of decrease in hfb with increasing fre
quency approaches 6 db per octave in 
the limit. 

The curve of common base current 
gain versus frequency for any transis
tor has these characteristics, and the 
same generalappearance as the curve 
of Fig. 1. 

The common emitter parameter 
which corresponds to fab is fae• the 
common emitter current gain cutoff 
frequency. By definition, fae is the 
frequency at which hr (beta, the com
mon emitter of a-c sfiort-circuit cur
rent gain), has decreased 3 db below 
hr 0 (the value of hfe at 1 kc). A typi
cal curve of life versus frequency for 
a transistor with an fae of 100 kc is 
shown in Fig. 2. 
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Table 1: Conversion table for power, 
voltage, and current ratios 

into decibels. 

Volt- Volt-
age age 
or or 

Pow- Cur- Pow- Cur-
er rent er rent 

db Ratio Ratio db Ratio Ratio 

0 1. 00 1. 00 10 10.0 3.2 

0.5 1.12 1. 06 15 31. 6 5.6 

1. 0 1.26 1.12 20 100 10 

1.5 1.41 1.19 25 316 18 

2.0 1. 58 1. 26 30 1,000 32 

3.0 2. 00 1.41 40 10,000 100 

4.0 2.51 1. 58 50 105 316 

5.0 3.16 1. 78 60 106 1, 000 

6.0 3.98 2.00 

7.0 5.01 2.24 

8.0 6.31 2.51 

9.0 7.94 2.82 
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POINT Of MWUREMENT OF h "' 
01--,....------

~. -3---}-------- 100 !11 0 =UDlh.,I 
(db) I : 6 db P£R OCTAVE SLOPE 

I I 

DA REPWENTS Ike 10kc lllllkc 1 • 

VALUE Of •,., FREQUENCY 

Fig. 1. Graph represents a curve of a common base 
current gain plotted against frequenc·y variations. 

•& 
ft POlllT OF MWUREMENT OF b"' 
81----.,----

-3 ----r-------- 1.,11t. = 70.1% •,,,l 

~I 6 A PER DC7AYE SLOPE 

VALUE DF h,,. : 

I 

ID 11111 
, mQUENCY IN kc 

Fig. 2. Common emitter current gain is 
plotted against frequency in the curve shown. 

This curve also has the significant characteristics listed for Fig. 1. These 
characteristics allow such a curve to be constructed for a particular transistor 
by knowing only hfeo and fae· From the curve, hfe at any frequency could be 
determined. Furthermore, if fae. is not known, a curve could also be con
structed if hfeo and hfe at any frequency above fae were known. Thus to deter
mine hfe at any frequency, it is necessary to know only hfeo and either fae or 

1hfe at some frequency f, where f is greater than fae. 

Sometimes, hfeo is needed and only hfbo is given, or vice versa. The quan
tities hfbo and hfeo are related by the following': 

hfbo 
hfeo 1 - hfbo 

(1) 

hf eo 
hfbo = hfeo + 1 

(2) 

Equations 1 and 2 are plotted in Fig. 3. To further facilitate computations, 
the low frequency current gain scales of Fig. 7-10 contain both an hfbo and an 
hfeo scale, and may be entered with a knowledge of either quantity. 

RELATIONSHIP BETWEEN fa.e AND fab 

Suppose two transistors are considered for a particular application where 
performance at high frequencies is of interest. The data sheets are compared 
and it is discovered that one specifies fab and the other fae. What prelimi
nary comparisons can be made from 
this without making any laboratory 
measurements? 

Phillips 1 gives a discussion of th.e 
relationships between fae and fab with 
the following result: 

fae = Ke (1-hfbo) fab 

where Ke is a function of excess phase 
value between 0. 5 and 1. 0. Table 2 
gives approximate values of Ke for a 
number of transistor types. 

The value of 0.82 applies to all al
loy junction transistors. For high-
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Fig. 3. The relationship between hr .. and h,., is 
given by the graph shown. 
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frequency transistors, selection of K 6 is based on original design of the 
device regardless of how it may be specified later. For example, the 2N741is 
a germanium mesa amplifier which is manufactured on a switching transistor 
production line; therefore,the germanium mesa switch K9 is used for the 2N741. 

The nomograms provide solutions 
for values of K9 of O. 9, O. 8, and 
O. 6. These three values of K9 give 
reasonable results for most trans -
istor types, and if more specific in -
formation for K9 is available, the re
sults obtained from the nomograms 
are corrected accordingly. 

Table 2: Approximate 
values of K 6 

The quantity fae is normally a much 
lower frequency that fab for the same 
transistor. For example, consider 
the Motorola 2Nl 141 germanium mesa 
amplifier. The data sheets give typ
ical values fab = 1, 000 me and hfbo = 
0. 98. K 6 from Table 2 is 0.80. Sub
stituting in Eq. 3 yields fae = 0. 80 
(1 - O. 98) 1, 000 = 16 me. 

Transistor Type 

Alloy Transistor 
(GPA, Alloy Power) 

Germanium Mesa 
Switch 

Germanium Epitaxial 
Mesa Amplifier 

Germanium Non-
Epitaxial Mesa 
Amplifier 

Silicon Annular and 
Planar 

MADT 

Ke 

0.82 

0. 90 -1. 0 

0.80 

0.70 

o. 80 -1. 0 

0.60 

This result is in approximate agreement with the hfe versus frequency curve 
of the manufacturer's 2Nll41 data sheet. 

GLOSSARY OF SYMBOLS 

Definition 

Common base a-c forward current gain (alpha) 

Value of i,b at 1 kc. 

Common emitter a-c forward current gain. 
(beta) 

Value of hfe at 1 kc. 

Common base current gain cutoff frequency. 
Frequency at which hfb has decreased to a value 
3 db below hfbo· (hfb = O. 707 hfbo) 

Common emitter current gain cutoff frequency. 
Frequency at which hfe has decreased to a value 
of 3 db below hfeo (hfe = 0. 707 hfeol 

Gain bandwidth product. Frequency at which 
hfe = 1 (0 db). 

Common emitter power gain 

Maximum frequency of oscillation. Frequency 
at which Ge = 1 (O db). 

Excess phase shifter factor. ·Factor which is a 
function of excess phase shift of current in·the 
base of a transistor. 
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For the practical application of Eq. 3, refer to Fig. 7 and 9. When any two 
of the quantities fae, fab, hfbo, or hfeo are known, use the nomograms to find 
the third quantity. 

A common high-frequency parameter is fT, the gain bandwidth product and 
is defined as that frequency at which hfe = 1 (0 db). 

The value fT is sometimes specified indirectly on high-frequency transistor 
data sheets. This is done by specifying hfe at some frequency above fae, thus, 
fT is then obtained by multiplying the magnitude of hfe by the frequency of meas
urement. This relationship arises from the 6 db per octave characteristic of 
the hfe versus frequency curve above fae. Since 6 db represents a current gain 
magnitude of 2, hfe is halved each time frequency is doubled, and vice versa. 
Therefore, the product of hfe and frequency on the sloping portion of the curve 
yields fT. 

For example, consider the Motorola 2N2217 silicon star planar transistor. 
The data sheet gives a typical hfe of 4. 0 at 100 me. Multiplication of hfe times 
the frequency of measurement yields fT = 4. 0 x 100 = 400 me. This is in agree
ment with the data sheet which specifies a typical fT of 400 me. 

The parameter fT is also equal to the product of hfeo and fae, expressed by 

(4) 

with hfeo known, Eq. 4 provides a simple means of finding fae when fT is known 
or vice versa. (See Fig. 5.) 

Philips also develops the following relationship between fab and fT: 

(5) 

where Ke is the same quantity as in Eq. 3. Notice that since Ke lies between 
0. 5 and 1. 0, the fT of a transistor is approximately equal to or slightly less 
than its fab· (See Fig. 8and10.) 

RULES FOR DETERMINING h10 

The following rules summarize how to determine hfe at some frequency f: 

Rule 1. When f < fae• hre :::: hfeo 

Rule 2. When f ~ fae• hfe ~ 0. 7 hfeo 

Rule 3. When f > fae, consider hfe to be decreasing at 6 db per octave at fre
quency f and use Fig. 4 to find hfe· 
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hie 

db MAGNITUDE 

48 250 

200 
~5 

150 

40 100 

80 
70 

35 60 
50 

40 

30 30 

20 
25 

15 

20 10 

15 

4 

10 

1.5 

fT = hfe f 

1 > r ae 

10 

20 

30 
40 

60 
80 

100 

150 
200 

300 
400 
500 
600 
800 
1000 

Fig. 4. This nomogram 
is useful in finding hte 
when a frequency !>fa •. 

50 

100 

150 

200 

250 

300 

400 

500 

600 

700 

800 

900 
1000 

1200 

Rule 4. (A) If hfbo not hfeo is known, use Fig. 3 find hfeo· 

IT 

(B) If fT is not known use Fig. 5 to find fT if hfeo and fae are known 
or Fig. 8 to find fT if fab is known (Fig. 10 for MADT types). 

(C) If fae is not known, use Fig. 5 to find fae if fT is known (Fig. 7 
to find fae if fab is known (Fig. 9 for MADT types). 

Though common emitter current gain is equal to 1 at fT, there may still be 
considerable power gain at fT due to different input and output impedance levels. 
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i "' h f T feo ae hreo 

hfeo = 1 KC hfe 300 

fT 

60 
200 

150 

80 
f ae 

100 100 

80 

2 
150 60 

50 

200 40 

250 30 
10 

300 
15 

20 20 
400 

30 15 
500 40 

600 
50 
60 10 

80 
8 

800 100 

150 6 
1000 

200 5 

4 

• Fig. 5. The quantity f 'L' 

is found from this nomogram 
once fa, and h,,.., are known. 

Thus, fT is not necessarily the highest useful frequency of operation of a tran
sistor, and an additional parameter, the maximum frequency of oscillation 
(fmax), is sometimes encountered. The term fmax is the frequency at which 
common emitter power gain is equal to 1, and is related to fT by 

(6) 

where rs' is the base resistance and Cc is the collector capacitance. 
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A plot of common emitter power gain versus frequency also has the charac
teristics shown in Fig. 1. This leads to another gain bandwidth product 

fmax °" f V Power Gain (7) 

where f is the frequency of measurement and power gain is expressed in mag
nitude not in decibels. Hence, fmax may be found by measuring power gain at 
some frequency on the 6 db per octave portion of the power gain versus fre
quency curve, and multiplying the square root of the power gain with the fre
quency of measurement (see Fig. 6). The symbol for common emitter power 
gain is Ge. 

db 

50 

48 

46 

44 

42 

40 

38 

36 

34 

32 

30 

28 

26 

24 

22 

20 

18 

16 

14 

12 

10 

a. 
MAGN/fUDE 

100,000 
1max = r,/G" 

50,000 

20,000 

10,000 

5,000 

2 

2,000 3 
4 

1,000 

8 500 10 

200 
20 

100 30 
40 

50 60 
80 

20 
100 

10 2011 

5 300 
400 

600 
2 800 

1,000 

1,500 

• Fig. 6. Maximum frequency 
is found from this nomogram 
knowing the frequency and 
power gain. 
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The parameters are voltage and current dependent, and operating point must 
be considered in all cases. For example, the high-frequency hfe measurement 
at one collector voltage and current must not be used to calculate fT directly 
at another voltage and/or current without considering the added effects of the 
different operating point. Most of the mesa data sheets have curves showing 
typical variations of fT with collector voltage and current. 

The parameter fae for present mesa transistors usually lies in the region 
between 10 and 50 me. The term hfe, measured at any frequency above this 
region is assumed on the 6 db per octave portion of hfe versus frequency curve 
and is used to calculate fT directly. 

Mesa transistor power gain measured at any frequency above 50 me is 
assumed on the 6 db per octave portion of the power gain versus frequency 
curve and is used to calculate fmax directly. 

1ae = KB (l - hfbo) fab 

1ah hfbo = 1 KC hfb hfeo = 1 KC hfe 

1,500 

1.200 
f •• 

100 
1,000 100 

800 
60 

60 

700 40 
40 

600 

500 20 
20 

400 

10 
10 

300 

4 
200 4 

150 2 
2 

100 

KEY TO I., SCALES* 
USE LEFT SCALE WITH USE RIGHT SCALE WITH 
FOLLOWING TRANSISTOR TYPES FOLLOWING TRANSISTOR TYPES 

GENERAL PURPOSE ALLOY GERMANIUM MESA SWITCH 
ALLOY POWER SILICON 
GERMANIUM MESA AMPLIFIER (ANNULAR I PLANAR) 

LEFT SCALE, Ko = 0.8 RIGHT SCALE, K 6 = 0.9 

*FOR MADT TYPES. SEE FIG. 9 
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Fig. 7. Once fen 
is known this nomo
gram is used to 
find fa •• 
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INSTRUCTIONS FOR CURVES AND NOMOGRAMS 

The nomograms assume no shift in operating point. Known parameters used 
to find an unknown must be measured at the same collector voltage and collector 
current as the desired unknown. 

Frequency scales on the nomograms are calibrated in numbers only without 
units. Furthermore, all nomograms contain two frequency scales. Decimal 
points may be shifted on the frequency scales of any nomogram as long as they 
are shifted the same amount on both scales (i.e. , both frequency scales of a 
nomogram must be multiplied by 10 to the same power). This enables the same 
nomogram to be used for both high and low-frequency transistors. 

The nomograms assume that both power gain and current gain decrease with 
increasing frequency at a rate of 6 db per octave at high frequencies. 

All power gain and current gain scales (except hfbo and hfeo) are calibrated 
in both actual magnitudes and decibel values for convenience. 

EXAMPLE 1 

To find hfeo when hfbo is known or vice versa, enter Fig. 3 with the known 
value and read the unknown directly. Given: hfbo = 0. 96. Find: hfeo, Answer 
= 24. 

EXAMPLE 2 

Figure 4 is a nomogram of fT and hfe at some frequency f, where f > fae· 
Given: hfe at 100 me is 6 db. Find: hfe at 75 me. Answer: 4, or 12 db. 

EXAMPLE 3 

There are no special instructions for the nomogram of Fig. 5, merely use it 
to find the unknown parameter when any two are known. Given: hfeo = 40 and 
fT = 400 me. Find: fae· Answer: 10 me. 

EXAMPLE 4 

Figure 6 is a nomogram of fmax and common emitter power gain measured 
at some frequency f where power gain is known to be decreasing at 6 db per 
octave. Given: power gain at 400 me is 6 db. Find: fmax· Answer: 800 me. 
Given: fmax = 1000 me. Find: power gain at 250 me. Answer: 12 db. 

EXAMPLE 5 

Fig. 7 is a nomogram of fab, fae, and either hfbo or hfeo. To account for 
variations in this relationship with different transistor types, there are two fae 
scales, with a guide to which one to use. Given: for a GPA transistor, fab = 
1 me and hfbo = 0. 90. Find: fae· Answer: 80 kc. For MADT types, see 
Fig. 9. 

EXAMPLE 6 

Figure 8 is a nomogram of fT, fab, and either hfbo or hfoe· To account for 
variations in this relationship with different transistor types, there are two fT 
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scales, with a guide to which one to use. Given: for a germanium mesa switch
ing transistor, fT = 400 me and hfbo = O. 90. Find: fab· Answer: 494 me. 
For MADT types, see Fig. 10. 

EXAMPLE 7 

1ab IT 

1.500 
1,500 1.500 

1,200 
1,000 

1.000 
1,000 

800 
BOO 

800 

700 600 
600 

600 

500 400 
400 

400 300 
300 

300 
200 

200 

200 

150 11111 

100 

100 
60 

60 
80 

6D 

fT =Ka hfbo fab 

hfbo = 1 KC hfb 

hfeo = 1 KC hfe 

hfeo 

100 
50 
30 

20 

15 

10 

KEY 10 I 1 SCALES' 

USE LEFT SCALE WITH USE RIGHT SCALE WITH 
FOLLOWING TRANSISTOR TYPES FOLLOWING TRANSISTOR TYPES 

GENERAL PURPOSE ALLOY GERMANIUM MESA SWITCH 
ALLOY POWER SILICON 
GERMANIUM MESA AMPLIFIER (.annular/ planar) 

LEFT SCALE, K , = 0.8 RIGHT SCALt Ku= 0.9 
•FOR MADI TYPES, SEE FIG. 9 

hlbo 

1.0 
.99 
.98 

.96 

.94 

.92 

.90 

.88 

.86 

.84 

.82 

.80 

Fig. 8. This nomogram represents fr, f., and 

either ht•• or h, ... 

Figure 9 is a nomogram which is identical to Fig. 7 except that it is for use 
with MADT transistors (see instructions for Fig. 7). 

EXAMPLE 8 

Figure 10 is a nomogram which is identical to Fig. 8 except that it is for use 
with MADT transistors (see instructions for Fig. 8). 
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1ae = Ke (I - hfbo) 1ab 

MAOT TRANSISTOHS ONLY hfeo hfbo 

(Ke= o.6) 
.80 FOR OTHER TYPES, USE Fig. 7 

1ab hfeo = 1 KC hfe hfbo = 1 KC hfb 

1,500 1ae 
.85 

100 
1.200 80 .88 

1.000 60 .90 
50 10 

800 40 .92 

700 30 .93 

600 20 .94 

500 15 .95 
20 

400 10 .96 

6 30 
300 5 .97 

4 
40 

200 50 .98 

150 
1.5 60 

80 
0.8 

100 0.6 100 .99 

150 

200 .995 
Fig. 9. This nomogram is identical to Fig. 7 but 
is used for MADT transist01·s. 
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1ab fT 
fT = Ke hfbo 1ab 

T.5111 1,1118 MADT TRANSISTORS ONLY 
FOR O'll!ER TYPES; USE FIG. 8 

.1.21111 IGO K8 = O. 6 

1.111111 
60ll 

hfbo = l KC hfb 

8111 500 
hfeo = 1 KC hfe 

bfeo hfbo 
Jiii 

400 1.0 
&llO 100 .99 

31111 
50 .98 

500 30 
.96 

250 20 
400 .94 15 

200 
.92 

31111 10 
150 .90 

.88 

200 100 .86 

150 
80 .84 

80 .82 

100 .ID 

80 

ID 

Fig. 10. Identical to Fig. 8, this nomogram is used 
only for MADT transistors. 

REFERENCE 

1. A. B. Phillips, "Transistor Engineering," McGraw-Hill Book Company, 
Inc., New York, N. Y., Chapter 14. 

12-36 



--Motorola Reference Material--

SIGNIFICANCE OF Or IN SWITCHING CIRCUITS 

The charge factor (Q) in a transistorized pulse system is a figure of merit 
in much the same manner that gain-bandwidth product (ft) is a figure of merit 
for an amplifier. Consider briefly a pulse transmission system where the volt
age of a line must be changed by V volts. Since a finite capacity C is associated 
with the line, a charge Q = CV must be moved in order to effect this change. 
To move this charge in a given time t, a certain current I is required; viz. 
Q = It. Thus with a given current, low Q is synonymous with fast switching. 

The concept of total control charge, QT, is not only a figure of merit but is 
a useful tool in the design of transistor circuits particularly where capacitors 
are used for triggering or R-C networks are used to improve response time. 

The concept is most easily understood by examining the familiar linear cir
cuit of Figure 1. It is well known that if the time constant of the speed up net
work, TI = R1Ci. equals the time constant, T2 = R2C2, the waveform at point 
C will be a perfect reproduction of that at B, but reduced in amplitude accord
ing to the ratio of Rt and R2. During the time that a constant level is applied 
at point A, charge Qi developed on C1 will also equal the charge Q2 developed 
on C2. 

The impedance of this network, of 
course, decreases with frequency so 
that the signal at B may show rise 
time deterioration compared to the 
signal from the source at point A. 
However, there is no distortion of the 
signal in passing from B to C. 

Several authors have shown that all 
frequency effects of a transistor can 
be represented by an R-C network 
from internal base to emitter. Base 
spreading resistance r'b can be lump
ed with Rs. Ifa transistor were sub-
stituted for the network R2C2, by ad
justing r 1 for a square wave output, 
the transistor input impedance could 

B 

I 
c 

I 

A 

FIGURE 1 
Linear Circuit Compensation 

be deduced. If the transistor were driven into saturation, a 
square wave output would occur during turn-on regardless of the value of TI, 
but information can be gained by observing the waveform during turn-off. Since 
a transistor in saturation is grossly non-linear, approximating its behavior by 
a linear network is not satisfactory. But the use of a speedup network to find 
the charge required to turn off a transistor has proven to be valuable. 

When a transistor is held in a conductive state by a base current Ia, a charge 
Qs is developed or "stored" in the transistor. If la were suddenly removed, 
the transistor would continue to conduct until Qs is removed from the active 
regions through an external path or through internal recombination. Since the 
internal recombination time is long compared to the ultimate capability of a 
transistor, for fast switching the designer needs to know the value of the in
ternal charge. Qs may be written as -

Qs = QI + Qv + Qx 
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Qi 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 change the collector-emitter voltage. It is primarily caused by 
collector-base feedback capacity. Qx is excess charge resulting from over
drive, i.e., operation in saturation. The carriers which result compromise 
QX and are stored in the base and collector regions. 

The charge required to turn a transistor "on" to the edge of saturation is 
Q1 + Qy but to turn it off, the full charge Qs must be removed. Referring to 
the circuit of Figure 1, if the charge on the speedup capacitor QT equals the 
charge on the transistor Qs, then when point B is grounded turn-off would be 
immediate if transistor r'b were zero. In practice, point A is a more con
venient place to ground and Rs and r 'b limits circuit speed. 

A. test circuit which measures QT is shown in Figure 2. C is adjusted to the 
minimum value which will produce a waveform similar to the one indicated by 
the solid trace in Figure 3. This will be where the "bumps" just disappear. It 
has not been established under this condition of turn-off that the charge QT on 
C actually equals the charge Qs in the device, but QT certainly represents the 
charge necessary to control the turn-off of the transistor from a circuit de
signer's point of view. The charge is given by -

Using this relation, the designer may optimize C for any input voltage if QT at 
the desired operating point is known. 

c 

Or TEST CIRCUIT 

FIGURE 2 

Vee 

Vout 

TIME-

TURN-OFF WAVEFORM 
l PNP TRANSISTOR) 

FIGURE 3 

When making measurements with this circuit it is important that the input 
pulse be long enough to allow carrier equilibrium to be reached. One µsec is 
long enough for VHF transistors. For greatest accuracy pulse instrumentation 
should have capability to at least 15 ns rise time and utmost care must be given 
to the selection and mounting of the R-C network and transistor socket. A low 
source impedance also makes the effects of capacitor adjustment easier to 
discern. 

Charge measurements of representative silicon logic transistors are shown 
in Figure 4. It is evident that the low figures for the 2N834 permit faster 
switching in any given circuit since low charge means less current is required 
to switch the transistor in any given time. The curves also permit optimum 
values of speedup capacitors to be selected. 
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Using too large a speedup capacitor will cause a slight reduction in response 
time but a heavy penalty will be paid in circuit recovery time which will limit 
pulse repetition frequency. 
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HIGH-POWER VARACTOR DIODES 

THEORY AND APPLICATION 

Conventionally speaking, when we refer to a semiconductor diode we normally 
visualize a 2-terminal p-n junction operated in the forward conduction region 
(as a rectifier) or in the reverse avalanche region (as a zener diode). From 
this standpoint, the word diode applied to a varactor is actually a misnomer -
for while the varactor is indeed a 2-terminal p-n junction, it operates neither 
as a rectifier, nor as an avalanche device. Rather, it operates principally in 
the region between forward conduction and reverse breakdown-the very region 
in which a conventional diode is considered to be cut off. 

In this operating region the p-n junction can be represented by a capacitor in 
series with a resistor, Fig. 1. The capacitance, known as junction capacitance, 
is inherently associated with all p-n junctions and, while it represents an un
desirable parasitic in conventional diode operation, it is the specific mechanism 
that permits the device to function as a varactor, or frequency multiplier. This 
is true because the capacitance value, as will be seen later, actually varies as 
a function of applied voltage and it is this factor that encourages the generation 
of harmonic frequencies. 

The resistor is the result of bulk 
and contact resistance of the semicon
ductor material. In varactor opera
tion this resistance is the primary 
parasitic affecting varactor quality. 
Great pains are taken in varactor de
sign, therefore, to hold this resis
tance value to an absolute minimum. 

HOW THEY WORK 

Rs 

Figure 1 - Equivalent circuit of a varactor diode. 

The cause and behavior of the junction capacitance can be determined from 
basic semiconductor theory, as follows: 

When a junction is formed between n-type and p-type material, there is a 
cross-migration of charges across the junction. Electrons from the n-region 
cross the junction to neutralize positive carriers near the junction in the p
region, and "holes" from the p-region cross the junction to neutralize the "ex
cess" electrons near the junction in the n-region. As a result of this migration, 
all free charged particles are swept out of the immediate vicinity of the junc
tion, creating a "depletion layer" in the junction area. And, in the process, a 
contact potential or space charge (about 0. 5V for silicon) appears across the 
junction, Fig. 2a. 
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This structure acts very much like a slightly charged capacitor, with the de
pletion layer representing the dielectric and the semiconductor material adja
cent to the depletion layer representing the two conductive plates. 

If an external voltage is connected across the p-n junction so as to reinforce 
the contact potential (reverse bias), the depletion layer increases, resulting in 
a capacitance decrease, Fig. 2b. If a forward voltage is applied, the deple
tion layer decreases, Fig. 2c. However, if the external forward voltage is 
made large enough to overcome the contact potential, forward conduction oc
curs and the capacitance effect is destroyed (except at very high frequencies, 
as discussed later). 

It is obvious, therefore, that the 
value of the junction capacitance is a 
function of the externally applied vol
tage, so long as the junction itself re -
mains reverse biased. This relation
ship is as follows: 

y 
C = Co - </> Co 

(1 = v !<t>l (</>+ v>" 

where C = capacitance at voltage V 

C0 = capacitance at zero bias 

V = voltage across the diode 
(reverse bias) 

</> = contact potential 

y = power law of the junction, 
determined by impurity 
gradient. 

A plot of this equation, Figure 3, 
shows that .the capacitance -voltage 
relationship is nonlinear. Just how 
this condition is useful for frequency 
multiplication will be seen from the 
following derivation. 

Contact Potential 

Figure 2 - (A) A representative p-n Junction. The 
battery represents the contact potential which must 
be overcome before current can flow. Current car
riers act as capacitor plates and the depletion layer 
is the dielectric. 

Figure 2 - ( B) Reverse volta11e forces carriers 
away from junction. This widens the depletion layer 
and reduces capacitance. 
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Assume that tile voltage across a 
capacitor is given by the well - known 
relationship 

v = ~ 

where Q = the charge on the capacitor 

C = the capacitance 

When a sinusodial current is applied 
to a capacitance 

Q J idt 

11 
A - - cos w t w1 1 

where instantaneous current 

Figure 2 - ( C) Forward voltage forces carriers 
closer to junction or across junction again changing 
capacitance. 

(3) 

maximum amplitude of the input current 

A 

input frequency 

constant of integration relating to the initial charge when time 
(t) = zero 

Substituting Equations (1) and (3) into 

Equation (2) yields 

v 
</> y co 

(</> + V) y 

(4) 

Figure 3 - Voltage-capacitance relationship for a 
typical varactor diode. 
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or, where V > > </> 

1 v - y 

Il 
A - - cos w t w1 1 

(5) 

The exponent y is a function of the impurity gradient of the p-n junction. It 
may vary from approximately 1/2, for step junctions, to about 1/6 for special 
graded junctions. If we consider the common case of a step junction, ( y = 1/2) 
Equation (5) resolves to 

_ (A -~ cos w l t )
2 

v - 1/2 
</> co 

2 11 ( 11 ) A - 2A - cos w t + -w1 1 w1 

c 2 
</> 0 

2 
2 cos w1 t 

(6) 

Looking at each of the terms in Equati(on ~~)2)we1 find that the voltage (V) 

across the varactor consists of a de term a fundamental component 

</>co 

/ 2A !J:_ cos w t\ ( !J_ )2 
cos2 w t 

( w 1 
2 

1 ) , and the term w 1 
2 

1 

</>co </>co 

The latter, through trigonometric identities, expands to 

2 ( 1 1 ) 
(~) 2 + 2 cos 2 w1t 

wl </> C 2 ' 
0 

which reduces to another de component plus a second harmonic component. 

Although quite simplified, the above derivations clearly show the generation 
of second harmonic voltages across the varactor diode. This second harmonic 
voltage can be used to produce power at that frequency simply by providing a 
path and a load for the second harmonic current. 

In the case of a step-junction device, the second harmonic is the only har
monic frequency directly available. While it is possible, through the use of 
graded junctions (Y < 1/2) to obtain higher harmonics directly, the second har
monic always predominates. In fact, it is normally more efficient to obtain 
higher harmonics by means of the doubling and mixing action of the varactor, 
through the use of idler circuits (see Fig. 4), than to try to obtain a desired 
higher harmonic directly. 

(1) Penfield & Rafuse, "Varactor Applications", MIT Press, Copyright 1962. 
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VARACTOR CHARACTERISTICS 

When operating as a frequency 
multiplier, the important varactor 
characteristics are: efficiency as a 
multiplier, power handling capability, 
and, in some applications, linearity 
of power output with changes in input 
power. 

Efficiency 

The efficiency of a varactor is a 
function of the cutoff frequency of the 

load 

Figure 4 - Simplified multiplier circuit illustrating 
the use of an idler configuration to develop third 
and fourth harmonics. 
An idler circuit is simply a tuned filter which per
mits the flow of a harmonic current needed to gen
erate the desired output. If the third harmonic is 
desired, filter F, is tuned to the fundamental, idler 
F, is tuned to the 2nd harmonic, and F3 is tuned to 
the 3rd harmonic. To obtain the fourth harmonic, F, 
Is simply tuned to "the fourth harmonic and permits 
the flow of the doubled 2nd harmonic current. 

device which, in turn, is dependent on the diode quality factor (Q), defined as 

(7) 

From this, it is seen that Q is a function of both Rs and C. The ability.to 
obtain a 'high Q device is directly related to the ability to make Rs extremely 
low. The cutoff frequency is arbitrarily defined as that frequency at which 

Q = 1, or where 2;fC = RS. Accordingly, cutoff frequency is given as 

1 
2rrCRS 

(8) 

Since both Rs and C are voltage dependent, it is obvious that fc, too, will 
vary with applied voltage. As reverse voltage increases, fc will also increase. 
This is important in a comparative evaluation of devices since, in order to ob
tain a valid comparison, the fc for the devices must be obtained at the same 
voltage. 

Now, for varactors with step junctions, the maximum obtainable efficiency 
may be approximated from the expressions:(l) 

For input frequencies of 0. 01 fc or less, 

E = 
fl 

1 - K fc 

For input frequencies of 0. 2 fc or higher, 

E 

f 2 
B ....£.__ 

f 2 
1 

where f c cutoff frequency at VB 

f1 input frequency 
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constants whose values depend on the desired order of the har
monic. 

For doublers, K and B of Equations 9 and 10 are equal to 20 and . 0039 re
spectively. 

For triplers and quadruplers, K is equal to 35 and 62 respectively. 

From these equations it is evident that the theoretical efficiency of varactors 
is quite high at input frequencies of 0. 01 fc or less. 

Power Handling Capability 

The relationship between power handling capability (Pr) and other varactor 
characteristics is given by 

where v8 voltage breakdown of the junction 

C 0 junction capacity at zero bias. 

The validity of this proportionality is evident from the fact that the input 
power is obviously proportional to the square of the input voltage swing, which 
is limited at one end by Vs and on the other by the permissible amount of for
ward conduction. If the voltage swing in the forward direction is very much 
smaller than V 8 , it can be neglected, and the input power is approximately 
proportional to v8 2. 

For large power handling capability it is desirable to make VB as large as 
possible (assuming that the signal source can provide the necessary voltage 
swing from Vs to approximately zero). This requires that the resistivity of 
the material near the junction (at least on one side of the junction) be high. Yet, 
a high resistivity leads to a relatively high Rs which, in turn, lowers the Q of 
the diode and, consequently, the efficiency. Therefore, varactor diode design 
normally is a compromise between high power handling capability and high 
efficiency. 

NEW VARACTOR DESIGN IMPROVES POWER HANDLING CAPABILITY 

Until recently most varactors for harmonic generator applications have been 
designed with step junctions and their characteristics closely follow the above 
discussion. Some improvement in performance has been observed in varactors 
of the 1N4386 type whose impurity profile, Fig. 5, differs considerably from 
that of the customary step- junction device. These improvements include: 

1) higher power handling capability at a given frequency, 

2) greater linearity of power output with changes in power input. 

The increase in power handling capability can be explained. as follows: 

To increase Pr, it is necessary to increase v8 which demands a higher re
sistivity material at least on one side of the junc'tion. If one attempts to in-
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crease the resistivity of a step-junc
tion device, the value of Rs is in -
creased significantly and efficiency 
is reduced accordingly. But, by em
ploying the impurity profile shown in 
Fig. 5, the resistivity near the junc
tion can be made comparatively high 
without changing the average resis
tivity. Moreover, when reverse vol
tage is applied, the spread of the de
pletion layer into the high resistivity 
regions actually dissipates them, leav
ing only the extremely low resistivity 
portion of the material to contribute 
to Rs. And, since the time that the 
varactor is in the reverse -voltage con
dition is very large compared with the 
time in the forward-biased condition, 

Heavy 
Concentration 
of Impurities, 

low 
Resistivity 

Few 
Impurities, 
High 
Resistivity 

Figure 5 - Resistivity of 1 N4386 is high near the 
junction and low near the lead contacts. When a 
reverse voltage is applied the depletion layer rapidly 
dissipates the high resistivity regions and thus, the 
average series resistance (R5 ) is low. 

the average total series resistance 
is substantially reduced despite the increase in resistivity at the junction and a 
resulting increase in VB. 

By this means, it is possible to almost double the power handling capability 
of varactors over step-junction devices, without adversely affecting efficiency, 
at least as it is affected by Rs. 

It might be argued that the impurity profile used in the 1N4386 type should 
result in lower efficiency because the capacity-voltage law (yin Equation 1) is 
reduced to about a 1/5 power, thus reducing the degree of reactive nonlinearity. 
Indeed, this would result in a lower efficiency of harmonic generation if it were 
not compensated by the reduction of series resistance described above. 

In addition there appears to be an added nonlinearity resulting directly from 
the parabolic graded impurity profile - the phenomenon of "step-recovery". 
Not only does step-recovery make up for the reduced junction-capacity nonlin
earity, but it leads to a linear power output advantage when driven slightly into 
the forward bias region at the positive peak of the signal swing. 

Step-recovery is a result of charge storage - a familiar phenomenon in the 
application of semiconductor devices. When a p-n junction is forward biased, 
charged carriers from one region are injected into the other to form minority 
carriers in that area. If permitted to wander around in the area long enough, 
these minority carriers will combine with majority carriers and produce a 
current flow. The interval between injection and recombination is related to 
the minority carrier "lifetime" of the material. In the interval between the 
time of injection and recombination, these minority carriers are effectively 
stored charges contributing to junction capacitance. 

If the period of the applied forward voltage is less than the carrier lifetime, 
as is usually the case, most of the injected carriers can be brought back to the 
point of origin before recombination. Step-recovery comes about when the in
jected minority carriers are returned to the point of origin in a compact bunch. 
Such a movement of carriers constitutes a current waveform as shown in Fig. 6. 
Because of the sudden cessation of reverse current when all of the carriers are 
returned to their original regions, the waveform is rich in harmonics which 
can be utilized as an added nonlinearity to enhance multiplier action. 
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The impurity profile of Fig. 7 en
hances step - recovery because the 
electric fields set up bythe steep im
purity gradient a short distance away 
from the depletion region keep the 
minority carriers close to the deple -
tion layer, rather than permitting them 
to wander to random depths in the op
posite regions. Thus, when the vol
tage is reversed, they return to their 
point of origin in a compact bunch. 

The step - recovery phe
nomenon, which is not as 
pronounced in step junctions 

Figure 6 - When a forward voltage is applied, car
riers are injected across the junction. However, 
before they can combine and result in a de current 
flow, the applied voltage reverses and the carriers 
are returned to the point of origin in a bunch. This 
results in an abrupt cessation of reverse current 
and the waveform is rich in harmonics. 

because of the constant impurity level in such devices, provides an additional 
nonlinearity to the 1N4386 which contributes to harmonic generation. 

Step-recovery results also in a de-
vice with more linear power charac -
teristics because the percentage of 
harmonic current generation is not a 
function of signal level. It is only a 
function of the waveform and the 
abruptness of the decline of reverse 
current. And if self-biasing is em
ployed, the shape of the current wave 
remains constant over a considerable 
power input range. This leads to a 
more constant efficiency of harmon
ic generation as a function of sig -

Impurity 
Profile for Step 
Recovery Diode 

_...,..Compressed 
I Depletion 

Impurity 
Profile for Abrupt! 

Junction Diode 

Layer 

Figure 7 - Comparison of the impurity profiles for 
a step recovery and step junction diodes. 

nal level than obtainable with devices dependent on junction-capacitance varia
tions alone. This is an important feature when using varactors in amplitude 
modulated circuits. 

VARACTORS vs TRANSISTORS 

In view of the fact that varactors provide no amplification, but merely 
convert an applied signal of one frequency to some higher frequency, one 
might logically ask, "Why not use transistors to directly generate the de
sired signal?" The answer to this is simply that there are no transistors 
that will provide the amount of power obtainable from varactors inthe VHF 
and UHF regions. The best transistors today are limited to producing 
about 25 watts at 100 me, and about 5 watts at 500 me. Varactors, by con
trast, can supply about three times that amount of power at those frequen
cies. Moreover, many VHF and UHF transmitters demand crystal control, 
which requires a relatively low-frequency oscillator with subsequent fre
quency multiplication. And, as yet, no other device operates as efficiently 
as a varactor for this purpose. 

Even as transistors are improved, it is reasonable to assume that var -
actor development will keep pace, so that the latter will remain well ahead 
of transistors in power-frequency capabilities. As a result, it is antici
pated that the varactor will become an increasingly important component in 
high-power, high-frequency applications. 
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HARMONIC GENERATOR CIRCUITS 
Development of a varactor multiplier circuit is illustrated in Fig. 8. The 

basic premise, as shown in (a) is the conversion of a signal from a signal source 
to a harmonic current through the load (RL) by means of a varactor. The nec
essary considerations entail i) provisions for the necessary current paths and 
associated filters, 2) proper matching of source to load, and 3) development of 
suitable bias voltage for the varactor. 

The first step in the design is the 
addition of suitable current paths, as 
shown in (b). If the output is to be the 
second harmonic, filter Fi is tuned 
to the fundamental frequency, and F2 
is tuned to the 2nd harmonic. In de
signing the tuned circuits, the capaci
tance of the varactor must be taken 
into account. Since this varies over 
the applied signal cycle, the "average" 
varactor capacitance should be used. 
This can be approximated by the ca
pacitance value at one-third the vol
tage breakdown rating of the varactor 
(assuming a signal voltage swing from 
about VB to some small positive value) 
Since this average capacitance varies 
with signal power, some circuit de
tuning occurs if input power is changed 
appreciably. This detuning effect is 
less pronounced with devices of the 
1N4386 structure than with step-junc
tion devices. 

If the desired load current is at 
the third or fourth harmonic, the con -
figuration in (c) may be used. Here, 
Fi is again tuned to the fundamental 
and F2 is an idler tuned to the 2nd 
harmonic. This permits fundamen -
tal and 2nd harmonic current flow 
to mix in the varactor to provide a 
voltag~ component of Ft, F2, Fi+ 
F2, and 2F2 across tne varactor. 
(Even if F2 were omitted , 

f' ;, --

a. Source, Varactor, Load b. Addition of Input and Output Circuits 

E, 

;, -

c. Addition of Idler Circuit 

d. Addition of Bias Resistor 

,, -

e. Addition of Input and Output Matching Capacitors 

R, 

Figure 8 - Development of a harmonic generator 
circuit. 

there would be components of higher order harmonics, such as F3 and F4 
across the varactor, but, as mentioned previously, it is normally more effi
cient to employ a suitable addition or multiple of the fundamental and second 
harmonic. ) Filter F3 is then tuned to the desired third or fourth harmonic so 
that only the desired current will flow through the load. 

Bias voltage for the varactor is obtained by shunting the varactor with a high 
value (around 100 K.Q) bias resistor, as in (d). Bias current is provided when 
the varactor is driven slightly into conduction at the peaks of the applied signal. 

Proper matching between source and load can be accomplished by adding 
matching capacitors as shown in (e). Tapped input and output coils could ac
complish the same purpose. 
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Obviously, the simple circuit developed in Fig. 8 can be improved upon from 
a performance standpoint. Higher-frequency, distributed-element circuits 
could be fabricated based on a circuit equivalent to Fig. 8. More complex fil
ters, such as double-tuned circuits, may be employed for greater bandwidth 
and better rejection of spurious signals. In practical applications, the final 
circuit almost always will be more complex. 

CHARACTERISTICS OF 1 N4386 

The 1N4386 varactor was designed to handle efficiently more than 50 watts 
of input power with output frequencies up to 300 me. Typical efficiency of the 
device as a function of power input at 50 me (tripler operation) is shown in 
Fig. 9. Additional technical information can be obtained by writing to the Tech
nical Information Center, Motorola Semiconductor Products Inc., P. 0. Box 
955, Phoenix, Arizona 85001. 

80 
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>. 
u 

" ~ ·c; 
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fo,1 = 150mc 
f ;n = 50mc 

Power Input !Watts) 

Figure 9 - Typical efficiency vs power input curve 
for the 1N4386 in a tripler circuit. 

c, 82K c, 

L,, L,, 11Turns#14 Wire, %" Dia. 

L,, 3.5Turns#14 Wire, %" Dia. 

c,. c,, 1-30 pf; c., 0.5-12 pf 

c,, 0.8-12 pf; c,, c,, c,, 0.5-10 pf 

L.. L5, 4 Turns #14 Wire.%" Dia. 

Figure 10 - 50-200 me Varactor quadrupler 
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OPTIMIZING SCR TURN-OFF PARAMETERS WITH NEGATIVE BIAS 

Although it is not often discussed in the literature, almost all SCR's exhibit 
some degree of turn-off gain. 

At normal values of anode current, negative gate current will not have suf
ficient effect upon the internal feedback loop of the device to cause any signifi
cant change in anode current. However, it does have a marked effect at low 
anode current levels where it can be put to advantage to modify certain device 
parameters. Specifically, turn-off time may be reduced and hold current may 
be increased. Reduction of turn-off time and increase of hold current are use
ful in such circuits as inverters or in full-wave phase control circuits in which 
inductance is present. 

Negative gate current may, of course, be produced byuse of an external bias 
supply. It may also be produced by taking advantage of the fact that during 
conduction the gate is positive with respect to the cathode and providing an ex
ternal conduction path such as a gate-to-cathode resistor. All Motorola SCR's 
are already constructed with a build in gate-to-cathode shunt, which produces 
a certain amount of negative gate current. Further change in characteristics, 
however, can be produced by use of an external shunt. Shunting does not pro
duce as much of a change in characteristics as does negative bias, since the 
negative gate current, even with an external short circuit, is limited. When 
using external negative bias the current must be limited, and care must be 
taken to avoid driving the gate into the avalanche region. 

All Motorola SCR lines show an improvement in turn-off time of about one
third by using negative bias up to the point where no further significant im
provement is obtained. The increase in hold current by use of an external 
shunt resistor ranges typically between 5 and 75 percent, whereas with nega
tive bias, the range of improvement runs typicafly between 2-1/2 and 7 times 
the open gate value. 

In summary, it may be said that by use of negative gate bias, the turn-off 
time and hold current of Motorola SCR's may be improved significantly so that 
they may be used in higher frequency inverter circuits or in circuits in which 
higher residual currents are present. 
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