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THE

SEMICONDUCTOR
DATA LIBRARY

One of the major problems facing workers in the
electronics field is the identification and selection of
semiconductor devices. Type numbers assigned to the
semiconductors are of little value since they indicate
neither device parameters nor applications. Because it
is difficult even to identify the many thousands of
device 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. To help alleviate this problem, the Motorola
Semiconductor Data Library has been developed.

The Motorola Semiconductor Data Library identi-
fies and characterizes all semiconductor devices with
IN- - -, 2N- - -, and 3N- - - numbers registered with the
Electronics Industries Association at the time the
library was printed, as well as a broad line of devices
with special in-house type numbers. (It provides
complete data sheet specifications for a wide range of
discrete semiconductors, and short-form specifications
for integrated circuits.) And in addition, to simplify
the selection of the most useful semiconductor type
numbers, it contains carefully prepared selector guides
with recommended devices for specific applications.
Properly used, it can be a valuable aid for the design
engineer, the component engineer, and the purchasing
agent in narrowing the broad categories of potentially
usable components to those best suited for a specific
project.

COMPOSITION OF THE LIBRARY

The Semiconductor Data Library is divided into
three volumes, organized as follows:

REFERENCE VOLUME

The reference volume is a self-contained com-
pendium of semiconductor devices and integrated
circuits information. This volume enables the user to
locate and select devices for most any application or
specific circuit. It also contains package and hardware
information as well as applications information. Once
a preliminary selection of a potentially suitable device
has been made, consult Volumes | or Il for detailed
specifications for that particular device.

EIA Registered Device Index — Complete numerical
index of all EIA registered device types, with major
electrical specifications.

Non-Registered Device Index — Complete numerical
index of all in-house non-registered Motorola device
types, with major electrical specifications.
Microcircuits Components — Unencapsulated tran-
sistors, diodes, passive devices, and integrated circuits
for use in hybrid circuits. (Includes processing,
packaging, and inspection criteria.)

Master Selection Guides — Grouping of preferred
devices by major device categories for quick pre-

selection of devices best suited for specific applications.

Includes semiconductor devices and ICs.

Military Device Listing — A complete list of Motorola
devices that comply with Military Specifications.
Hardware and Packaging Information — Device mount-
ing hardware, heat sinks and special device packaging.

Dimensioned Device Outlines — Dimensioneddrawings
of package outlines with JEDEC and Motorola cross
reference. (Includes leadform drawings on specific
packages.)

Application Note Catalog — Selection guide listing
application note by application category. Also a brief
summary of the available application note contents and
how to order application notes.

To meet the requirements of a practical up-to-date
reference, the Reference Volume of the Semiconductor
Library will be completely updated and published twice
a year, with supplementary publications quarterly.

VOLUME |

This volume contains complete data sheets for
Motorola-manufactured devices with EIA-registered
type numbers up to 1N4999 and 2N4999. Data sheets
are in numerical sequence according to device type
number except for those data sheets that cover several
devices with differing type numbers. A numerical
index in front of the book permits the user to quickly
locate the page number of the data sheet for any device
characterized in the book.

Since most of the device type numbers in the
“below 5000’ category have already been utilized by
existing product, it is expected that this book will
require little updating in the next few years. Accord-
ingly, this volume will be reprinted only as required by
the demand, and modifications will be made only when
reprinting is required.

VOLUME II

This volume contains data sheets for all Motorola-
manufactured, EIA registered devices with type num-
bers TN5000 and 2N5000 and up, as well as those
with 3N- - - type numbers. In addition, all active data
sheets for devices with special Motorola type numbers
(not registered with EIA) are included.

Because this book contains the detailed data for
all the most recently developed semiconductors, it will
be updated through the publication of supplements.
Two supplements will be published during the life of
this edition.

How to Use The Semiconductor Data Library

The library is designed to serve several specific

functions;

1. To permit quick identification (together with
major specifications) of EIA registered semicon-
ductor devices with units with special Motorola
ty pe numbers.

2. To permit quick selection of the most suitable
devices for a specific circuit application.

3. To permit quick selection of the devices that

best meet a given set of electrical specifications.

. To provide complete characterization of a broad
line of components, encompassing most semi-
conductor categories, for a detailed comparison
of device types.



The following examples illustrate several ways of
using this library.
Problem: Device ldentification
Known: Device Type Number
Information Needed: Device function, applications,
major specifications.
Procedure: Consult the Master Index of the Reference
Volume and locate the type number of the device in
question in the alpha-numeric listing of the master
index. The information given in this index lists not only
the type of device it is, but also provides the major
electrical specifications for the device. In addition, it
indicates whether or not the device is manufactured by
Motorola and, if not, whether Motorola can supply an
electrically suitable equivalent. Complete data for
Motorola manufactured devices can then be obtained,
if required, from the other two volumes of your Semi-
conductor Data Library.

Problem: Device Preselection

Known: a) Intended circuit application for a par-
ticular device

b) Approximate electrical specifications of
a desired device.
Information Needed: a) What devices are available
for a specific circuit function?

b) What device types will best

match a required set of electrical characteristics ?

Procedure: Consult the Master Selection Guide sec-
tion of the Reference Volume. This section contains
product categories, i.e., power transistors, zener diodes,
etc., and by specific market segments, including com-
munications, consumer and military. An index to the
individual selector guides is given at the beginning of
the section for quick access to the pertinent guides.
Complete data for Motorola manufactured devices can
then be obtained, if required, from the other two
volumes of your Semiconductor Data Library.

CATALOGUE DE SEMICONDUCTEURS

Identifier et ensuite choisir les dispositifs semicon-
ducteurs constituent I'un des grands problémes que
rencontrent ceux qui travaillent dans le domaine de
I'électronique. Les différents dispositifs sont désignés
par des chiffres ne donnant aucune indication sur leurs
parametres et sur leurs applications. La difficulte pour
les techniciens et ingénieurs d'identifier plusieurs milliers
de dispositifs les ameénent a utiliser, lors de la concep-
tion de circuits, des dispositifs bien connus alors que
d'autres dispositifs mieux adaptés sont disponibles. Afin
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de pallier cet inconvénient, Motorola a donc institu€

ce catalogue de semiconducteurs.

Le Catalogue de Semiconducteurs de Motorola iden-
tifie et caractérise les dispositifs semiconducteurs en-
registrés auprés de I'Association des Industries Elec-
troniques (EIA) par les symboles 1N---, 2N---, et 3N---
ainsi Que Ies dispositifs propres a Motorola avec des
numeéros spéciaux. (Ce catalogue contient les spécifica-
tions corgpletes pour togs l,es semiconducteurs discrets,
et des specifications abregees pour les circuits integres.)
De plus, afin de simplifier le choix des dispositifs les
plus utiles, il contient également un ‘‘guide’” mettant
en évidence les dispositifs destinés & des applications
bien spécifiques. Son utilisation adéquate peut donc
Stre un outil de travail tres utile pour I'ingénieur de
circuit, I'ingénieur de composants, et I’acheteur en leur
permettant de limiter le nombre de composants pos-
sible convenent le mieux pour un projet bien deter-
miné.

INDEX DU CATALOGUE

Le Catalogue de Semiconducteurs comprend trois
volumes:

VOLUME DE REFERENCE

Le volume de réfefence résume les renseignements
sur les dispositifs semiconducteurs et circuits intégrés.
Ce volume permet donc % I'utilisateur de déterminer
et de choisir les dispositifs pour la majorité des appli-
cations; il contient egalement des renseignements sur
les boitiers et sur les systémes de montage. Une fois
le choix du dispositif effectué, il suffit de consulter
les Volumes | et Il pour obtenir toutes les données
concernant ce dispositif.

Index des Dispositifs Homologués par EIA

Cet index fournit également les données électriques
principales.
Index des Dispositifs Non-Homologués

Cet index fournit une Ilste complete des dlsposmfs
Motorola non-homologués, avec leurs données élec-
triques principales.

Composants Micro-circuits

;o
Transistors et diodes non-encapsules, elements pas-

. . - - 4 ’ o s - . .

sifs et circuits integres pour utilisation en circuits hy-



brides (y compris processus, mise en boitier et critéres
d’'inspection.)

Guide

Les dispositifs les plus utilises y sont groupés par
catégories principales, pour un choix rapide des com-
posants les mieux adaptés a certaines applications (y
compris dispositifs discrets et circuits integres.)

Liste des Dispositifs Militaires

Cette liste fournit tous les dispositifs Motorola homo-
logués par les Spécifications Militaires.

Boitiers et Modes de Montage

Fournit les modes de montage, les radiateurs et les
. .
boitiers speciaux.

Dimension des Boitiers

Dessin et dimension des boitiers homologues par
JEDEC et Motorola (y compris les dessins pour former
les tiges.)

Catalogue de Notes d’Applications

Fournit une liste compléte des notes d’applications
groupées par catégories, €galement un résumé des notes
d’applications disponibles et la marche a suivre pour
les obtenir.

1l est évident qu’afin de garder ce catalogue ajour,
le Volume de Reéférence sera completement révise et
publi€ deux/ fois par an, avec des additions supplémen-
taires publiees tous les trimestres.

VOLUME |

Ce volume est constitué par les specifications pour
les composants faits par Motorola avec les numéros
homologués par EIA jusqu’a 1N4999 et 2N4999. Ces
spécifications sont classées par ordre numérique sauf
les spécifications qui se rapportent a plusieurs types
de dispositifs. Un index numérique en premigre page
permet‘a l'utilisateur de déterminer rapidemente le numé-
ro de la page pour chaque dispositif décrit dans ce
catalogue.

Il est probable que les dispositifs portant un numeéro
en-dessous de 5000 ne’cessiteront peu de mise a jour
puusque tous ces numeéros sont de;a utilises. En con-
séquence, ce volume ne sera relmpnme que sur demande
et les modifications apparaltront uniguement lors de
cette nouvelle édition.

VOLUME 1l

Ce volume est constitué par toutes les spécifications
pour les dispositifs faits par Motorola, homo|ogué's par
EIA avec numéros 1N5000, 2N5000, etc. ainsi que
ceux avec les numéros 3N---. De plus, les spe'cifications
de dlsposmfs avec numeéros spec«aux de Motorola (non
homologués par EIA) y sont incluses.

. L 0y . bl
Ce catalogue sera mis a jour a |'aide d’editions

supplémentaires, car il contient toutes les donnees de-
taillées des dispositifs semiconducteurs les plus recents.
Deux suppléments seront publiés pendant la durée de
vie de cette édition.

Methode d’Utilisation du Catalogue de
Semiconducteurs

Ce catalogue a pour but:

.- . . A [N .
1. D’identifier rapidement, grace aux specifications
principales, si le dispositif est homologue par EIA
ou s'il s'agit d'un type spécial Motorola.

2. De selectlonner rapidement le dispositif le mieux
adapte 3 un circuit.

3. De selectionner rapidement un dispositif en fonc-
X NP , R
tion des specifications electriques.

4. De fournir les données complétes de tout I’'ensem-
ble des composants Motorola — donc la majorité
des dispositifs semiconducteurs — afin de pouvoir
comparer tous les types de dispositifs. |

Exemples de rnéthodes d’utilisation;

Question: Identifier le dispositif

Donnée: Type de dispositif

Renseignements Requis:  Fonction du dispositif, ap-
plications et specifications
principales.

Méthode: Consulter I'Index du Volume de Référence
et déterminer le numéro du dispositif en question parmi
la liste numerique de I'index. Ce renseignement ainsi
obtenu indique non seulement le type de dispositif
mais également fournit les specifications electriques
principales de ce dispositif. De plus, le fabricant y
sera précisé et le catalogue indiquera si Motorola peut
fournir les dispositifs équivalents. Les deux autres
volumes de ce catalogue vont maintenant fournir toutes
les données sur les dispositifs faits par Motorola.

Question: Choix du Dispositif

Données: )

a) Application probable du circuit pour un dispositif
connu.

b) S;’)ecifications'electriques approximatives du disposi-
tif en question.

Renseignements Requis:

a) Quels sont les dispositifs disponibles pour la fonc-
tion précise de ce circuit?

b) Quel type de dispositif va répondre & des caracté-
ristiques électriques prédéterminées?

Méthode: Consulter le Gunde dans le Vqume de

Référence qui est catégoriseé par produits, c'est-a-dire

transistors de puissance, diodes zener, etc., et par mar-

chés, y compris communications, grand public, et mili-

taire. Ces différentes catégories apparaissent en premiére

page pour faciliter la sélection du Guide. Nous pouvons

maintenant obtenir toutes les donneées sur les disposi-

tifs faits par Motorola en utilisant les deux autres volu-

mes du Catalogue de Semiconducteurs.



DIE HALBLEITER DATENBIBLIOTHEK

Eines der Hauptprobleme fiir Fachleute in der Elek-
tronik-Industrie besteht in der Bestimmung und Selek-
tion von Halbleitertypen. Die meisten Typenbezeich-
nungen geben wenig oder keine Auskunft iber Para-
meter oder Anwendungen von speziellen Halbleitern.
Viele tausend verschiedene Halbleitertypen sind heute
erhaltlich. Es ist fast unmoglich, auch nur einen
geringen Prozentsatz aller Typen genau zu kennen.
Somit bringen die meisten Ingenieure und Techniker
nur die bekanntesten und gebrauchlichsten Halbleiter-
typen zur Anwendung, auch wenn neuere und bessere
Elemente zur Verfligung stehen.

Um diesem Problem Abhilfe zu schaffen hat Motorola
die meisten Halbleitertypen in eine Halbleitersammlung
zusammengefasst. Diese Halbleitersammlung umfasst
alle TN, 2N und 3N Typen, die durch die ""Electronics
Industries Association’’ registriert sind. Weiterhin sind
eine grosse Anzahl von Motorola In-Haus Typen in dieser
Sammlung zusammengefasst. Vollstandige Spezifika-
tionen einer grossen Anzahl von diskreten Halbleitern
und Kurzspezifikationen von integrierten Schaltkreisen
sind vorhanden.

Zusatzlich sind, zur Vereinfachung der Aufsuche der
meist gebrauchten Halbleitertypennummern, Nachschla-
getabellen mit Vorzugstypen fiir bestimmte Anwen-
dungen in der Sammlung enthalten.

Die Halbleitersammlung kann dem Entwicklungs und
Komponent-Ingenieur sowie dem Einkaufer von Halb-
leitern gute Dienste leisten im Aufsuchen der best
maoglichen Elemente fiir eine bestimmte Anwendung.

ZUSAMMENSETZUNG DER
HALBLEITERSAMMLUNG

Die Halbleitersammlung besteht aus drei Teilen, die
folgendermassen zusammengefasst sind:

REFERENZ-BAND

Der Referenz-Band besteht aus einer lbersichtlichen
Zusammenfassung von Halbleitern und integrierten
Schaltungen. Mit Hilfe dieses Referenzbandes lassen
sich Halbleiter und integrierte Schaltungen fiur spezielle
Anwendungszwecke leicht auffinden. Gehéduse-, An-
wendungs- und Montagezubehdrinformation sind eben-
so im Referenzband angegeben. Nach der Wahl eines
Halbleiters oder einer integrierten Schaltung aus dem
Referenzband kann Band | oder Band || fiir die speziel-
len Daten zur Hilfe gezogen werden.

EIA Registriertes Halbleiter-Verzeichnis

Vollstandiges numerisches Verzeichnis aller EIA regi-
strierter Halbleiter Typen, mit den hauptsachlichen elek-
trischen Spezifikationen.

Nicht Registriertes Halbleiter-Verzeichnis

Vollstandiges numerisches Verzeichnis aller nicht regi-
strierter In-Haus Motorola Halbleiter Typen, mit den
hauptsachlichen elektrischen Spezifikationen.

Mikroschaltkreis- Komponenten

Nicht eingekapselte Transistoren, Dioden, passive Ele-
mente und integrierte Schaltkreise fiir den Gebrauch in

hybriden Kreisen. (Prozess-, Einkapselung- und In-
spektions-Kriterien sind inbegriffen.)

Hauptnachschlagewerk

Zusammenfassung in Gruppen der bevorzugten Haupt-
elementkategorien fiir schnelle VVorselektion der Elemen-
te die am besten fiir gegebene Anwendungen in Frage
kommen. Dieses Dokument enhalt Halbleiterelemente
und integrierte Kreise.

Militarelementen-Liste

Dies ist eine vollstandige Liste von Motorola Bausteinen
die Militarspezifikationen erfillen.

Montagezubehor und Einkapselung Information

Bauelement-Montagezubehor,
zial-Elementeneinkapselung.

Kiihlelemente und Spe-

Vermasste Elementen-Grundrisse

Vermasste Zeichnungen von Gehausegrundrissen mit
JEDEC und Motorola Gegeniiberstellung. (Zeichnungen
der Anschiussformen von gegebenen Gehausen sind
inbegriffen.)

Awendungsbericht-Katalog

Nachschlagliste der Anwendungsberichte welche in An-
wendungskategorien zusammengefasst sind. Eine kurze
Zusammenfassung des Inhalts der verfligbaren Berichte
ist gegeben und ebenfalls wie sie bestellt werden konnen.

Um den Anforderungen eines praktischen, auf den letz-
ten Stand gebrachten Nachschlagewerkes zu geniigen
wird der Referenz-Band der Halbleiterbibliothek zwei-
mal im Jahr vollstandig uberarbeitet und publiziert.
Zusatzliche Veroffentlichungen werden vierteljahrlich
herausgegeben.

BAND |

Dieser Band enthilt vollstandige Datenblatter der von
Motorola fabrizierten Elemente mit EIA registrierten
Nummern bis zu TN4999 und 2N4999. Die Daten-
blatter sind in numerischer Ordnung gemass der Bauele-
mente-Typennummer eingereiht. Ausnahme sind solche
Datenblatter welche spezielle Elemente mit wechselnden
Typennummern behandeln. Ein numerisches Verzeich-
nis am anfang des Bandes erlaubt dem Benutzer ein
schnelles Auffinden der Datenblatter fir alle Elemente,
die im Buch aufgefiihrt sind.

Weil die meisten Elemente-Typennummern in der Kate-
gorie bis 5000 schon von bestehenden Produkten auf-
gebraucht wurden, ist erwartet, dass dieser Band in
den nachsten Jahren wenig Ueberarbeitung verlangt.
Dementsprechend wird dieses Buch nur neu gedruckt
wenn die Nachfrage es verlangt und Modifikationen
werden nur bei einer Neuauflage vorgenommen.

BAND i

Dieser Band enthalt Datenblatter der von Motorola
hergestellten E|A registrierten Elemente mit der Typen-
nummer 1N5000 und 2N5000 und aufwarts und eben-
falls solche mit den 3N- - Typennummern. Alle aktiven
Datenblatter fiir Elemente mit speziellen Motorola
Typennummern (nicht EIA registriert) sind zusatzlich



hier einbezogen.

Weil dieser Band die detaillierten Daten fiir alle der
erst kiirzlich entwickelten Halbleiter enthalt, wird er
durch Publikationen von Zusatzbtichern auf den letzten
Stand gebracht. Zwei Zusatzbiicher werden wahrend
der"’Lebensdauerdieser Ausgabe veroffentlicht werden.

Wie wird ’Die Halbleiter Datenbibliothek’’ gebraucht

Die Bibliothek ist zusammengestellt worden um mehrere
spezielle Funktionen zu erfiillen:

1. Erlaubtschnelle Bestimmung (zusammen mit Haupt-
spezifikationen) von EIA registrierten Halbleitern
und Bausteinen mit speziellen Motorola Typennum-
mern.

2. Erlaubt schnelle Selektion der best geeignetsten
Elemente fiir eine bestimmte Schaltungsanwendung.

3. Erlaubt schnelle Selektion von Elementen welche
am besten gegebene elektrische Spezifikationen er-
fiillen.

4. Liefert vollstandige Charakterisation einer breiten
Komponentenlinie, welche die meisten Halbleiter-
Kategorien einschiiesst. Erlaubt einen detaillierten
Vergleich der Elementtypen.

Die nachfolgenden Beispiele veranschaulichen mehrere

Wege um diese Bibliothek zu gebrauchen.

Problem: Elementen-Bestimmung

Bekannt: Elemente-Typennummer

Benotigte Information: Elementefunktion,
Anwendung, Haupt-
spezifikationen

Vorgang: Im Hauptverzeichnis des Referenzbandes
sind die Typennummern des zu untersuchenden Ele-
mentes in der alphanumerischen Liste aufgefuhrt. Die

Information, die in diesem Verzeichnis gegeben ist,
besteht nicht nur aus dem Elemententyp sondern auch
die elektrischen Hauptspezifikationen sind gegeben.
Zusitzlich ist angegeben ob das Element von Motorola
hergestellt wird und, im Fall dass dies verneint wird, ob
Motorola ein elektrisch vergleichbares Bauelement lie-
fern kann. Wenn benotigt, konnen die vollstandigen
Daten der von Motorola hergestellten Halbleiter von
den zwei anderen Banden der Halbleiter Bibliothek
erhalten werden. ‘

Problem: Elementen-Vorbestimmung

Bekannt:

a) Vorgesehene Schaltkreisanwendung fuir ein bestimm-
tes Element.

b) Ungefahre elektrische Spezifikationen eines ge-
wiinschten Typs.

Bendotigte Information:

a) Welche Elemente sind fir eine bestimmte Kreis-
funktion verfligbar?

b) Welche Elementtypen erfiillen am besten die erfor-
derlichen elek trischen Charakteristiken?

Vorgang: Das Hauptnachschlagwerk des Referenz-
bandes wird aufgeschlagen. Dieses Kapitel enthalt
Produktkategorien, z.B. Leistungstransistoren, Zener-
dioden etc. eingereiht in bestimmte Marktsegmente, ein-
schliesslich Fernmeldewesen, Verbraucherindustrie und
Militarbereich. Ein “Index’’ zu den einzelnen ' Auswahl-
Fihrern’ ist am anfang dieses Kapitels gegeben, was
zum schnellen Auffinden der zutreffenden ''Fihrer’”
hilft. Vollstandige Daten der von Motorola hergestell-
ten Elemente kdnnen, wenn benotigt, von den zwei
anderen Banden entnommen werden.

\|



NUMERICAL INDEX

DEVICE PAGE DEVICE PAGE DEVICE PAGE
1N2488B 1-3 1N758,A 19 1N989 1-26
1N2498 13 1N759,A 19 1N990 +
1N2508 13 1N761 1-10 1N991
1N429 15 1N762 1N992 1-26
1N702 19 IN763 1N1183 128
1N703 iN764 1N1184
1N704 1N765 1N1185
1N705 1N766 1N1186
1N706 1N767 1N1187
1N707 1N768 1N1188
1N708 1N769 1-10 1N1189
1N709 1N816 1-11 1N1190 1-28
1N710 1N821,A 1-11 1N1191 1-29
IN711 1N823,A 1-11 1N1192
1N712 1N825,A 1-15 1N1193
1N713 1N827,A 1-15 1N1194
1N714 1N829,A 1-15 1N1195,A
1N715 1N935.A,B 1-18 1N1196,A
1N716 1N936,A.B 1N1197,A
1N717 1N937,A.B 1N1198,A 1-29
1N718 1N938,A,B 1N1313 1-30
IN719 1N939.A.B 1-18 1N1314
1N720 1N941,A B 1-22 1N1315
1IN721 1N942,A B 1N1316
1N722 1N943,A.B 1N1317
1N723 1N944.A B 1N1318
1N724 1N945,A.B 1N1319
1N725 1N946,A B 122 1N1320
1N726 1N957 126 1N1321
1N727 1N958 1N1322
1N728 1N959 1N1323
1N729 1N960 1N1324
1N730 1N961 1N1325
1N731 1N962 1N1326
1IN732 1N963 1N1327
1N733 1N964 1N1351
1N734 1N965 1N1352
1N735 1N966 1N1353
1N736 1N967 1N 1354
1N737 1N968 1N1355
1N738 1N969 1N1356
1N739 1N970 1N1357
1N740 1N971 1N1358
1N741 1N972 1N1359
1N742 1N973 1N 1360
1N743 1N974 1N1361
1N744 1N975 1N1362
1N745 1N976 1N1363
1N746,A 1N977 1N1364
1N747,A 1N978 1N1365
1N748,A 1N979 1N1366
1N749,A 1N980 1N1367
1N750,A 1N981 1N1368
1N751,A 1N982 1N 1369
1N752,A 1N983 1N1370
1N753,A 1N984a 1N1371
1N754,A 1N985 1N1372
1N755,A 1N986 1N1373 {
1N756,A Y 1N987 Y 1N1374 Y
1N757,A 19 1N988 1-26 1N1375 1-30

vii




NUMERICAL INDEX (continued)

DEVICE PAGE DEVICE PAGE DEVICE PAGE
1N1507 1-31 1N1815 1-33 1N2610 135
1N1508 1N1816 1N2611
1N1509 1IN1817 1N2612
1N1510 1N1818 1N2613
1N1511 1N1819 1N2614
1N1512 1N 1820 1N2615
1N1513 1N1821 1N2616
1N1514 1N 1822 1N2617 1-35
1N1515 1N1823 1N2620,A,B 136
1N1516 1N1824 1N2621,A,B
1IN1517 1N 1825 1N2622,A,B
1N1518 1N1826 1N2623,A.8
1N1519 1N 1827 1N2624.A.8 1-36
1N1520 1N1828 1N2804 1-40
1N1521 1N 1829 1N2805
1N1522 1N1830 1N2806
1N1523 1N 1831 1N2807
1N1524 1N1832 1N2808
1N1525 1N1833 1N2809
1N1526 1N1834 1N2810
1N1527 \ 1N 1835 1N2811
1N1528 1-31 1N1836 1N2812
1N1530,A 15 1N2008 1N2813
1N 1588 1-30 1N2009 1N2814
1N1589 1N2010 1N2815
1N1590 1N2011 1N2816
1N1591 1N2012 1N2817
1N1592 1N2032 ] 1N2818
1N1593 1N2033 1N2819
1N1594 1N2034 1N2820
1N1595 1N2035 1N2821
1N1596 1N2036 1N2822
1N1597 1N2037 1N2823
1N1598 1N2038 1N2824
1N 1599 1N2039 1N2825
1N1600 1N2040 1N2826
1N1601 1N2041 1N2827
1N1602 1N2042 1N2828
1N1603 1N2043 1N2829
1N1604 1N2044 1N2830
1N1605 1N2045 1N2831
1N1606 1N2046 1N2832
1N1607 { 1N2047 1N2833
1N 1608 / 1N2048 Y 1N2834
1N1609 1-30 1N2049 1-33 1N2835
1N1730 1-32 1N2163,A 1-34 1N2836
IN1731 1N2164,A 1N2837
1N1732 1N2165,A 1N2838
1N1733 1N2166,A 1N2839
1N1734 1-32 1IN2167,A 1N2840
1N1735 15 1N2168,A 1N2841
1N1736,A 1N2169,A 1N2842
IN1737.A 1N2170,A \j 1N2843
1N1738,A IN2171,A 1-34 1N2844
1N1739.A 1N2382 1-32 1N2845 Y
1N1740,A 1N2383 1N2846 1-40
1IN1741,A 1N2384 1N2970 1-43
1N1742,A 15 1N2385 1-32 1N2971
1N1803 1-33 1N2489 135 1N2972
1N1804 1N2490 1N2973
1N1805 1N2491 1N2974
1N1806 1N2492 1N2975
1N1807 1N2493 1N2976
1N1808 1N2495 1N2977
1N1809 1N2496 1N2978
1N1810 1N2497 1N2979
IN1811 1N2498 1N2980
IN1812 1N2499 1N2981
1N1813 Y 1N2500 \j 1N2082 Y
1N1814 1-33 1N2609 1-35 1N2983 1-43

viii




‘NUMERICAL INDEX (continued)

DEVICE PAGE DEVICE PAGE DEVICE PAGE
1N2984 1-43 1N3166,A 145 1N3582,A,8 134
1N2985 1N3157,A 1N3583.A,B 1-34
1N2986 1N3189 1N3649 1565
1N2987 1N3190 1N3650
1N2988 1N3191 1-45 1N3659
1N2989 1N3208 1-48 1N3660
1N2990 1N3209 1N3661
1N2991 1N3210 1N3662
1N2992 1N3211 1N3663 155
1N2993 1N3212 1-48 1N3675 157
1N2994 1N3213 1-49 1N3676
1N2995 1N3214 1N3677
1N2996 1N3282 1N3678
1N2997 1N3283 1N3679
1N2998 1N3284 1N3680
1N2999 1N3285 1N3681
1N3000 1N3286 1-49 1N3682
1N3001 1N3305 1-40 1N3683
1N3002 1N3306 1N3684
1N3003 1N3307 1N3685
1N3004 1N3308 1N3686
1N3005 1N3309 1N3687
1N 3006 1N3310 1N3688
1N3007 1IN3311 1N3689
1N3008 1N3312 1N3690
1N3009 1N3313 1N3691
1N3010 1N3314 1N 3692
1N3011 1N3315 1N3693
1IN3012 1N3316 1N 3694
1N3013 1N3317 1N3695
1N3014 \j 1N3318 1N3696
1N3015 1-43 1N3319 1N3697
1N3016 1-59 1N3320 1N3698
1N3017 1N3321 1N3699
1N3018 1N3322 1N3700
1N3019 1N3323 1N3701
1N3020 1N3324 1N3702 Y
1N3021 1N3325 1N3703 157
1N3022 1N3326 1N3785 168
1N3023 1N3327 1N3786
1N3024 1N3328 1N3787
1N3025 1N3329 1N3788
1N3026 1N3330 1N3789
1N3027 1N3331 1N3790
1N3028 1N3332 1N3791
1N3029 1N3333 1N3792
1N3030 1N3334 1N3793
1N3031 1N3335 1N3794
1N3032 1N3336 1N3795
1N3033 1N3337 1N3796
1N3034 1N3338 1N3797
1N3035 1N3339 1N3798
1N3036 1N3340 1N3799
1N3037 1N3341 1N3800
1N3038 1N3342 1N3801
1N3039 1N3343 1N3802
1N3040 1N3344 1N3803
1N3041 1N 3345 1N3804
1N3042 1N3346 1N3805
1N3043 1N3347 1N3806
1N3044 1N3348 1N3807
1N3045 1N3349 \j 1N3808
1N3046 1N3350 1-40 1N 3809
1N3047 1N3491 151 1N3810
1N3048 1N3492 1N3811
1N 3049 { 1N3493 1N3812
1N3050 / 1N3494 1N3813
1N3051 1-69 1N3495 151 1N3814
1N3154,A 1-45 1N3580,A,B 1-34 1N3815 Y
1N3155.A 1-45 1N3681.A B 1-34 1N3816 158




NUMERICAL INDEX (continued)

DEVICE PAGE DEVICE PAGE DEVICE PAGE
1N3817 158 1N4078,A 15 1N4569 1-101
1N3818 + 1N4079,A 1N4570
1N3819 1N4080,A 1N4571
1N3820 158 1N4081.A 1N4572
1N3821,A 159 1N4082,A 1N4573
1N3822,A 1N4083,A 1N4574
1N3823,A 1N4084.A 1N4575
1N3824,A 1N4085,A 15 1N4576
1N3825,A 1N4099 194 1N4577
1N3826,A 1N4100 1N4578
1N3827,A 1N4101 1N4579
1N3828,A 1N4102 1N4580
1N3829,A 1N4103 1N4581
1N3830,A 159 1N4104 1N4582
1N3879 1-65 1N4105 1N4583 \)
1N3880 1N4106 1N4584 1-101
1N3881 1N4107 1N4719 1-103
1N3882 1N4108 1N4720
1N3883 1-65 1N4109 1N4721
1N3889 1-71 1N4110 1N4722
1N3890 1N4111 1N4723
1N3891 1N4112 1N4724
1N3892 1N4113 1N4725 1-103
1N3893 1-71 1N4114 1N4728 1-105
1N3899 1-77 1N4115 1N4729
1N3900 1N4116 1N4730
1N3901 1N4117 1N4731
1N3902 1N4118 1N4732
1N3903 177 1N4119 1N4733
1N3909 1-83 1N4120 1N4734
1N3910 1N4121 1N4735
1N3911 1N4122 1N4736
1N3912 1N4123 1N4737
1N3913 1-83 1N4124 1N4738
1N3993 1-89 1N4125 1N4739
1N3994 1N4126 1N4740
1N3995 1N4127 1N4741
1N3996 1N4128 1N4742
1N3997 1N4129 1N4743
1N3998 1N4130 1N4744
1N3999 1N4131 1N4745
1N4000 -1-89 1N4132 1N4746
1N4001 1-90 1N4133 1N4747
1N4002 1N4134 Y 1N4748
1N4003 1N4135 194 1N4749
1N4004 1N4370,A 19 1N4750
1N4005 1N4371.A 19 1N4751
1N4006 1N4372.A 19 1N4752
1N4007 1-90 1N4387 198 1N4753
1N4057,A 15 1N4388 1.99 1N4754
1N4058,A 1N4549 1-40 1N4755
1N4059,A 1N4550 1N4756
1N4060,A 1N4551 1N4757
1N4061,A 1N4552 1N4758
1N4062,A 1N4553 1N4759
1N4063.A 1N4554 1N4760
1N4064,A 1N4555 1N4761
1N4065,A 1N4556 1N4762
1N4066,A 1N4557 1N4763 Y
1N4067,A 1N4558 1N4764 1105
1N4068,A 1N4559 1N4765 1-101
1N4069,A 1N4560 1N4766
1N4070,A 1N4561 1N4767
1N4071,A 1N4562 1N4768
1N4072,A 1N4563 Y 1N4769
1N4073,A 1N4564 1-40 1N4770
1N4074,A 1N4565 1-101 1N4771
1N4075.A 1N4566 1N4772
1N4076,A Y 1N4567 + 1N4773
1N4077,A 15 1N4568 1-101 1N4774 1-101




NUMERICAL INDEX (continued)

DEVICE PAGE DEVICE PAGE DEVICE PAGE
1N4775 1-101 2N324 2-17 2N718 2-77
1N4776 2N331 2-18 2N718A 2-79
1N4777 2N350A 2-20 2N720A 281
1N4778 2N351A 2-20 2N721 2-83
1N4779 2N375 2-22 2N722 2-85
1N4780 2N376A 2-25 2N726 2-87
1N4781 2N378 2-25 2N727 2-87
1N4782 2N379 2-25 2N731 2-89
1N4783 2N380 2-25 2N735 290
1N4784 1-101 2N381 2-27 2N736 290
1N4896,A 1-110 2N282 2-27 2N739 2-90
1N4897,A 2N383 2-27 2N740 2-90
1N4898,A 2N398,A 2-29 2N741,A 292
1N4899,A 2N404 2-31 2N743 294
1N4900,A 2N404A 2-31 2N744 296
1N4901,A 2N441 2-33 2N753 2-69
1N4902,A 2N442 2-33 2N827 2-98
1N4903,A 2N443 2-33 2N828 2-100
1N4904,A 2N456A 2-36 2N828A 2-102
1N4905 A 2N457A 2-36 2N829 2-102
1N4906,A 2N458A 2-36 2N834 2-105
1N4907,A 2N459 A 2-25 2N835 2-105
1N4908 A 2N460 2-38 2N838 2-107
1N4909,A 2N461 2-38 2N840 2-109
1N4910,A 2N464 2-39 2N841 2-109
1N4911,A 2N465 2-39 2N869 2-111
1N4912,A 2N466 2-39 2N869A 2-113
1N4913,A 2N4a67 2-39 2N910 2-115
1N4914 A 2N499 A 2-41 2N911 2-115
1N4915,A 2N502,A,B 2-41 2N914 2-117
1N4916,A 2N508 2-17 2N915 2-119
1N4917,A 2N508A 2-43 2N916 2-121
1N4918,A 2N524 2-45 2N918 2-122
1N4919 A 2N525 2N929 A 2-124
1N4920,A 2N526 + 2N930,A 2-124
1N4921,A 2N527 2-45 2N956 2-126
1N4922 A 2N554 28 2N960 2-126
1N4923,A 2N555 28 2N961 2-126
1N4924,A 2N559 2-48 2N962 2-126
1N4925,A 2N618 2-22 2N963 2-128
1N4926 A 2N650,A 2-52 2N964 2-126
1N4927,A 2N651,A 2-52 2N964A 2-131
1N4928 A 2N652,A 2-52 2N965 2-126
1N4929 A 2N653 2-54 2N966 2-126
1N4930,A 2N654 2-54 2N967 2-128
1N4931,A " 2N655 2-54 2N968 2-137
1N4932,A 1-110 2N656 2-56 2N969
1N4933 1-111 2N657 2-56 2N970
1N4934 2N665 2-57 2N971
1N4935 2N669 2-6 2N972
1N4936 2N681 2-58 2N973
1N4937 1-111 2N682 2N974
1N4997 1-103 2N683 2N975 2-137
1N4998 1-103 2N684 2N978 2-140
1N4999 1-103 2N685 2N985 2-142
2N109 2-11 2N686 2N995 2-143
2N173 2-3 2N687 2N996 2-144
2N174 2-3 2N688 2N998 2-146
2N176 2-6 2N689 2-58 2N1008,A,B 2-148
2N178 2-8 2N 696 2-61 2N1011 2-149
2N242 2-10 2N697 2-61 2N1021 2-150
2N277 2-11 2N699 2-62 2N1022 2-150
2N278 2-11 2N700,A 2-64 2N1038 2-153
2N297A 2-14 2N702 2-66 2N1039 *
2N307,A 2-10 2N703 2-66 2N 1040
2N319 2-16 2N705 2-67 2N1041 2-153
2N320 2-16 2N706,A,B 2-69 2N1042 2-155
2N321 2-16 2N707 A 2-71 2N1043 *
2N322 2-17 2N708 2-73 2N1044
2N323 2-17 2N711,A,B 2-74 2N1045 2-155

Xi



NUMERICAL INDEX (continued)

" DEVICE PAGE DEVICE PAGE DEVICE PAGE
2N1073,A,B 1-157 2N1555,A 2-198 2N2096 2-180
2N1099 2-159 2N1556,A 2N2097
2N1100 2-3 2N1557,A 2N2099
2N1120 2-160. 2N 1558,A 2N2100 2-180
2N1131,A 2-161 2N1559,A 2N2137,A 2243
2N1132,A 2-85 2N1560,A 2-198 2N2138,A
2N1141 2-164 2N1561 2202 2N2139,A
2N1142 2-164 2N 1562 2202 2N2140,A
2N1143 2-164 2N 1595 2:205 2N2141,A
2N1162,A 2-169 2N 1596 2N2142,A
2N1163,A 2N1597 2N2143,A
2N1164,A 2N1598 2N2144,A
2N1165,A 2N 1599 2-205 2N2145,A
2N1166,A 2N1613 277 2N2146,A 2-243
2N1167,A 2-169 2N1651 2207 2N2152 2-247
2N1175 2-173 2N 1652 2207 2N2153
2N 1185 2N1653 2-207 2N2154
2N1186 2N 1692 2-202 2N2156
2N1187 2N1693 2-202 2N2157
2N1188 2-173 2N1705 2-209 2N2158 2-247
2N1189 2-176 2N1706 2-209 2N2171 227
2N1190 2-176 2N1707 2209 2N2192,A,B 2-251
2N1191 2-178 2N1708 2211 2N2193,A,B '
2N1192 ] 2N1711 2-77 2N2194,A,B +
2N1193 + 2N1724 2213 2N2195,A,8 2-251
2N1194 2-178 2N1725 2213 2N2212 2253
2N1195 2-164 2N1742 2-41 2N2218,A 2255
2N1204,A 2-180 2N1751 2216 2N2219,A
2N1358,A 23 2N 1842 2-218 2N2221,A *
2N 1359 2-22 2N1842A 2-221 2N2222,A 2-255
2N1360 2N1843 2218 2N2223,A 2236
2N1362 2N1843A 2221 2N2224 2262
2N1363 2N1844 2218 2N2242 2264
2N1364 2N1844A 2-221 2N2256 2-266
2N1365 2-22 2N1845 2218 2N2257
2N1408 2-185 2N1845A 2-221 2N2258 +
2N1412,A 2-186 2N 1846 2-218 2N2259 2-266
2N1413 2-189 2N1846A 2221 2N2273 2-269
2N1414 2-189 2N1847 2-218 2N2285 2207
2N1415 2-189 2N1847A 2-221 2N2286 2207
2N1420 2-77 2N 1848 2218 2N2287 2-207
2N1494,A 2-180 2N1848A 2221 2N2288 2273
2N 1495 2-180 2N 1849 2218 2N2289 2273
2N 1496 2-180 2N1849A 2221 2N2290 2273
2N1529,A 2-191 2N 1850 2218 2N2291 2275
2N1530,A 2N1850A 2221 2N2292 2-275
2N1531,A 2N1893 2224 2N2293 2-275
2N1532,A 2N1924 2226 2N2303 2-85
2N1533 2N1925 2226 2N2322 2-277
2N1534,A 2N1926 2226 2N2323
2N1535,A 2N 1959 2-228 2N2324
2N1536,A 2N1970 2-230 2N2325
2N1537,A Y 2N 1980 + 2N2326 2-277
2N1538 2:191 2N1981 2N2330 2-279
2N1539,A 2:195 2N 1982 2-230 2N2331 2279
2N1540,A 2N1983 2-231 2N2357 2-282
2N1541,A 2N1984 2231 2N2358 2-282
2N1542,A 2N1990 2-233 2N2359 2-282
2N1543 2N1991 2-161 2N2368 2-284
2N1544,A 2N2042 2-234 2N2369 2-286
2N1545,A 2N2043 2234 2N2369A 2290
2N1546,A 2N2060,A 2236 2N2381 2-292
2N1547,A \& 2N2075,A 2-239 2N2382 2-292
2N 1548 2:195 2N2076,A 2N2405 2224
2N1549,A 2-198 2N2077,A 2N2410 2-296
2N1550,A 2N2078,A 2N2415 2-208
2N1551,A 2N2079,A 2N2416 2-208
2N1552,A 2N2080,A 2N2453,A 2-300
2N1553,A 2N2081,A 2N2476 2-302
2N1554,A 2-198 2N2082,A 2-239 2N2477 2-302

Xii




NUMERICAL INDEX (continued)

DEVICE PAGE DEVICE PAGE DEVICE PAGE
2N2480,A 2-236 2N2895 2-360 2N3116 2-391
2N2481 2-304 2N3896 2-360 2N3120 2-427
2N2490 2-308 2N3897 2-360 2N3121 2-427
2N2491 + 2N2903,A 2-362 2N3127 2-429
2N2492 2N2904 A 2-364 2N3133 2-433
2N2493 2-308 2N2905,A + 2N3134 +
2N2501 2-309 2N2906,A 2N3135
2N2526 2-312 2N2907,A 2-364 2N3136 2-433
2N2527 2-312 2N2912 2-370 2N3137 2-435
2N2528 2-312 2N2913 2-372 2N3209 2-437
2N2537 2-315 2N2914 2N3210 2-439
2N2538 2N2915 2N3211 4-441
2N2539 2N2916 2N3227 2-286
2N2540 2N2917 2N3232 2-443
2N2552 2N2918 2N3235 2-443
2N2553 2N2919 2N3244 2-445
2N2554 2N2920 2-372 2N3245 2-445
2N2555 2-153 2N2927 2-328 2N3248 2-449
2N2556 2N2929 2-374 2N3249 2-449
2N2557 2N2944 2-376 2N3250,A 2-453
2N2558 2N2945 2-376 2N3251,A 2-453
2N2559 2-153 2N2946 2-376 2N3252 2-459
2N2560 2-155 2N2947 2-377 2N3253 2-459
2N2561 2N2948 2-377 2N3279 2-464
2N2562 2N2949 2-380 2N3280 2-464
2N2563 2N2950 2-380 2N3281 2-464
2N2564 2N2951 2-382 2N3282 2-464
2N2565 2N2952 2-382 2N3283 2-466
2N2566 2N2955 2-385 2N3284
2N2567 2-155 2N2956 2-385 2N3285 ¢
2N2573 2-317 2N2957 2-385 2N3286 2-466
2N2574 2N2958 2-391 2N3287 2-469
2N2575 2N2959 2-391 2N3288 +
2N2576 2N2972 2-372 2N3289
2N2577 2N2973 2N3290 2-469
2N2578 2N2974 2N3291 2-471
2N2579 2-317 2N2975 2N3292 +
2N2635 2-320 2N2976 2N3293
2N2639 2-322 2N2977 2N3294 2-471
2N2640 2N2978 2N3295 2-473
2N2641 2N2979 2-372 2N3296 2-476
2N2642 2N3009 2-393 2N3297 2-479
2N2643 2N3010 2-395 2N3298 2-482
2N2644 2-322 2N3011 2-397 2N3299 2-484
2N2646 2-324 2N3012 2-399 2N3300 +
2N2647 2-324 2N3013 2-393 2N3301
2N2652,A 2-326 2N3014 2-393 2N 3302 2-484
2N2696 2-328 2N3015 2-401 2N3303 2-486
2N2710 2-330 2N3019 2-403 2N3304 2-488
2N2720 2-332 2N3020 2-403 2N3307 2-490
2N2721 2-332 2N3021 2-405 2N3308 2-490
2N2722 2-334 2N3022 2N3311 2-492
2N2723 2-336 2N3023 2N3312
2N2724 2-336 2N3024 2N3313
2N2725 2-336 2N3025 2N3314
2N2728 2-338 2N3026 2-405 2N3315
2N2785 2-340 2N3043 2-410 2N3316 2-492
2N2800 2-342 2N3044 2N3323 2-495
2N2801 2-342 2N3045 2N3324 2-495
2N2832 2-344 2N3046 2N3325 2-495
2N2833 2-344 2N3047 2N3330 2-498
2N2834 2-344 2N3048 2-410 2N3375 2-500
2N2837 2-242 2N3053 2-412 2N3425 2-504
2N2838 2-242 2N3054A 2-413 2N3427 2-506
2N2845 2-350 2N 3055 2-417 2N3428 2-506
2N2846 2-350 2N3072 2-421 2N3439 2-509
2N2847 2-350 2N3074 2-421 2N3440 2-509
2N2848 2-350 2N3081 2-423 2N3444 2-459
2N2857 2-352 2N3114 2-425 2N3445 2-513
2N2894 2-358 2N3115 2-391 2N3446 2513

xiii




NUMERICAL INDEX (continued)

DEVICE PAGE DEVICE PAGE DEVICE PAGE
2N3447 2-513 2N3771 2-606 2N3961 2-500
2N3448 2-513 2N3772 2-606 2N3970 2-691
2N3467 2-517 2N3783 2-609 2N3971 2-691
2N 3468 2-517 2N3784 2-609 2N3972 2-691
2N3485,A 2-364 2N 3785 2-609 2N3980 2-693
2N3486,A 2-364 2N3789 2-614 2N3993 2-695
2N3487 2-520 2N3790 2-614 2N3994 2-695
2N3488 2N3791 2-614 2N3994A 2-695
2N3489 2N3792 2-614 2N4012 2-697
2N3490 2N3796 2-619 2N4015 2-699
2N3491 2N3797 2-619 2N4016 2-699
2N3492 2-520 2N3798,A 2-623 2N4048 2-701
2N3494 2-523 2N3799,A 2-623 2N4049
2N3495 2-523 2N 3800 2-627 2N4050
2N3496 2-523 2N3801 2N4051
2N3497 2-523 2N 3802 2N4052
2N3498 2-524 2N 3803 2N4053 2-701
2N3499 + 2N 3804 2N4066 2-705
2N3500 2N3804A 2N4067 2-705
2N3501 2-524 2N3805 2N4072 2-707
2N3506 2-531 2N3805A 2N4073 2-707
2N3507 2531 2N3806 2N4091 2-709
2N3508 2-533 2N3807 2N4092 2-709
2N3509 2-633 2N3808 2N4093 2-709
2N3510 2-536 2N3809 2N4123 2-711
2N3511 2-536 2N3810 2N4124 2-711
2N3544 2-539 2N3810A 2N4125 2-715
2N 3546 2-541 2N3811 2N4126 2-715
2N3553 2-500 2N3811A 2N4130 2-719
2N3611 2-545 2N3812 2N4151 2-721
2N3612 2N3813 2N4152
2N3613 2N3814 2N4153
2N3614 2-545 2N3815 2N4154
2N3615 2-548 2N3816 2N4155
2N3616 + 2N3816A 2N4156
2N3617 2N3817 V 2N4157
2N3618 2-548 2N3817A 2-627 2N4158
2N3632 2-500 2N3818 2631 2N4159
2N3634 2.552 2N3821 2-634 2N4160
2N 3635 * 2N3822 2-634 2N4161
2N3636 2N3823 2-636 2N4162
2N3637 2-552 2N 3824 2-634 2N4163
2N3647 2-536 2N 3838 2-638 2N4164
2N 3648 2-536 2N3839 2-352 2N4165
2N3712 2-558 2N3866,A 2-640 2N4166
2N3713 2-560 2N3870 2-645 2N4167
2N3714 + 2N3871 + 2N4168
2N3715 2N3872 2N4169
2N3716 2-560 2N3873 2-645 2N4170
2N3719 2-564 2N3883 2-647 2N4171
2N3720 2-564 2N3896 2-645 2N4172
2N3726 2-568 2N3897 + 2N4173
2N3727 2-568 2N3898 2N4174
2N3733 2-570 2N3899 2-645 2Na175
2N3734 2-572 2N3902 2651 2N4176
2N3735 2N3903 2-655 2N4177
2N3736 2N3904 2-655 2N4178
2N3737 2-572 2N 3905 2-660 2N4179
2N3738 2-578 2N 3906 2-660 2N4180
2N3739 2-578 2N3909,A 2-665 2N4181
2N3740,A 2-582 2N 3924 2-667 2N4182
2N3741,A 2-582 2N3925 + 2N4183
2N3742 2-5687 2N3926 2N4184
2N3743 2-591 2N3927 2-667 2N4185
2N3762 2-595 2N 3946 2-673 2N4186
2N3763 + 2N3947 2-673 2N4187
2N3764 2N 3948 2-679 2N4188
2N3765 2-595 2N 3950 2-683 2N4189
2N3766 2-601 2N3959 2-687 2N4190 y
2N3767 2-601 2N3960 2-687 2N4191 2-721
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NUMERICAL INDEX (continued)

DEVICE PAGE DEVICE PAGE DEVICE PAGE
2N4192 2-721 2N4363 2-780 2N4890 2838
2N4193 2N4364 2N4898 2-840
2N4194 2N4365 2N4899 2-840
2N4195 2N4366 2N4900 2-840
2N4196 2N4367 2N4901 2844
2N4197 2N4368 2N4902 2844
2N4198 2721 2N4371 2N4903 2844
2N4199 2-727 2N4372 2N4904 2.848
2N4200 2N4373 2N4905 2.848
2N4201 2N4374 2N4906 2848
2N4202 2N4375 2N4910 2852
2N4203 2N4376 2N4911 2852
2N4204 2-727 2N4377 Y 2N4912 2852
2N4212 2-733 2N4378 2-780 2N4913 2856
2N4213 2N4391 2.784 2N4914 2856
2N4214 ¢ 2N4392 2.784 2N4915 2856
2N4215 2N4393 2-784 2N4918 2860
2N4216 2.733 2N4398 2.786 2N4919 2-860
2N4220,A 2-735 2N4399 2-786 2N4920 2-860
2N4221,A 2-735 2N4400 2791 2N4921 2-864
2N4222,A 2.736 2N4401 2791 2N4922 2864
2N4223 2-739 2N4402 2-795 2N9423 2864
2N4224 2-739 2N4403 2-795 2N4924 2-868
2N4231 2-743 2N4404 2-802 2N4925 2-868
2N4232 2-743 2N4405 2802 2N4926 2-869
2N4233 2-743 2N4406 2.808 2N4927 2869
2N4234 2-746 2N4407 2.808 2N4928 2871
2N4235 2-746 2N4409 2812 2N4929 +
2N4236 2-746 2N4410 2812 2N4930
2N4237 2-751 2N4416 2814 2N4931 2871
2N4238 2-751 2N4427 2816 2N4937 2873
2N4239 2-751 2N4428 2818 2N4938
2N4260 2-755 2N4441 2820 2N 4939
2N4261 2755 2N4442 + 2N4940
2N4264 2.759 2N4443 2N4941
2N4265 2-759 2N4444 2.820 2N4942 2873
2N4276 2-764 2N4851 2.824 2N4948 2875
2N4277 2N4852 2824 2N4949 2875
2N4278 2N4853 2824 2N4957 2877
2N4279 2N4854 2828 2N4958 2877
2N4280 2N4855 2828 2N4959 2-877
2N4281 2N4856,A 2-830 2N4974 2885
2N4282 2N4857,A 2N4975 2885
2N4283 2-764 2N4858 A 2N4993 2887
2N4342 2-768 2N4859 A
2N4351 2-770 2N4860,A
2N4352 2-774 2N4861,A 2830
2N4360 2-778 2N4870 2-832
2N4361 2-780 2N4871 2832
2N4362 2-780 2N4877 2836
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IN... JEDEC REGISTERED
DEVICE SPECIFICATIONS






1n248B ,C o 1n250B, C

IN1191 thru IN1198
IN1195A thru IN1198A
1N3213,1N3214

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.

CASE 42
(DO-5)

MAXIMUM RATINGS

Rating Symbol Value Unit
Peak Repetitive Reverse Voltage VRM (rep) Volts
and
DC Blocking Voltage VR
1N248B, 1N1191 50
1N248C 55
1N249B, 1N1192 100
1N249C 110
1N1193 150
1N250B, 1N1194 200
1N250C 220
1N1195, IN1195A 300
1N1196, IN1196A 400
1N1197, 1N1197A, 1N3213 500
1N1198, 1N1198A, 1N3214 600
RMS Reverse Voltage Vr Volts
1N248B, 1N1191 35
1N248C 38.5
1N249B, 1N1192 70
1N249C 1
1N1193 105
1N250B, 1N1194 140
1N250C 154
1N1195, IN1195A 210
IN1196, 1IN1196A 280
1N1197, 1N1197A, 1N3213 350
1N1198, 1N1198A, 1N3214 420
Average 1/2-Wave Rectified Forward Current Io Amp
(Resistive Load, 60 Hz , T = 150°C) 20
Peak Repetitive Forward Current Iem (rep) Amp
(Tc = 150°C) 90
Peak Surge Current Iem (surge) Amp
(Tc = 150°C, superimposed on Rated 350
Current at Rated Voltage, 1/2-Cycle,
1/120 sec)




1N248B,C thru 1TN250B,C (continued)
THERMAL CHARACTERISTICS
Maximum Operating and Storage Temperature: —65 to + 190°C

Maximum Thermal Impedance, Junction to Case: ;. = 1.50°C/W DC

ELECTRICAL CHARACTERISTICS

Characteristics Symbol Max - Unit

Full Cycle Average Forward Voltage Drop VF( AV) Volts
(Io (max) Tated Vy, 60 cps, T¢ = 150°C) 0.6

Instantaneous Forward Voltage Drop VF Volts
(Ip = 100 Amps, T; = 250C) 1.5

Full Cycle Average Reverse Current
(Io (max)> rated V., 60 cps, T¢ = 150°C)

1N248B thru 1N250B, 1N1191 thru 1N1198
1N248C
1N249C
1N250C
1N1195A
IN1196A
1IN1197A
1IN1198A
1N3213 and 1N3214

IR(av) mA

O'—‘NNW'CQWWU!
OO DO

p—

DC Reverse Current IR mA
(Rated Vg, T = 25°C)

—
o

MAXIMUM AVERAGE FORWARD CURRENT RATING
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1n429

1IN I 530 series

and reliable operation.

'INI 735 series

1 N4057 series

Temperature compensated zener reference diodes de-
signed for reference sources utilizing an oxide-passivated
junction for long-term voltage stability, high uniformity

CASE 41 CASE 53
CASE 57
MAXIMUM RATINGS (T = 25°C unless otherwise noted)
Rating Symbol Value Unit
Operating Junction Temperature Range Ty -65 to +175 oc
Storage Temperature Range Tstg -65 to +175 °c
Power Dissipation* Pp See Tables 1 & 2* w

*The devices are designed for operation at the specified IzT. Operation above or below
this current is not recommended, since the temperature coefficient is no longer valid.
See Note 2 and Figure 4.

MECHANICAL CHARACTERISTICS

Discrete glass package devices encapsulated in a
Case: transfer molded plastic package
Polarity:| Indicated by diode symbol except 1N429, 1N1530, 1N1530A where cathode
indicated by polarity dot of contrasting color
Weight: | Varies according to device
0.5 grams (min)
12 grams (max)
Finish: | All external surfaces corrosion resistant and leads readily solderable.
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1N429/1N1530/1N1735/ 1N4057 (continued)

TABLE 1 — ELECTRICAL CHARACTERISTICS (TA = 259C unless otherwise noted)

Zener
Voltage +5% Temperature aVz @ Izt avVz Pp*
227 Coefficient | (+25 to +100°C) | (-55 to + 250C) o
Vz @ Izr Ohms %/°C Volts Volts Ta =25

TYPE CASE Volts mA (Note 3) (Note 2) (Note 2) (Note 2) w
1N4057 418 12.4 10 25 0.005 0.047 0.050 1.5
1N4057A 12.4 25 0.002 0.019 0.020
1N4058 14.6 30 0.005 0.055 0.058
1N4058A 14.6 | 0.002 0.022 0.023
1N4059 16.8 0.005 0.063 0.067
1N4059A 16.8 0.002 0.025 0.027
1N4060 18.5 0.005 0.069 0.074
1N4060A 18.5 0.002 0.028 0.030
1N4061 21 35 0.005 0.079 0.084
1N4061A 21 35 0.002 0.032 0.034
1N4062 23 40 0.005 0.086 0.092
1N4062A 23 40 0.002 0.035 0.037
1N4063 27 45 0.005 0.101 0.108
1N4063A 27 45 0.002 0.041 0.043
1N4064 30 50 0.005 0.113 0.120
1N406B4A 30 50 0.002 0.045 0.048
1N4065 33 v 55 0.005 0.124 0.132
1N4065A 33 55 0.002 0.050 0.053
1N4066 37 7.5 80 0.005 0.139 0.148
1N4066A 37 80 0.002 0.056 0.059
1N4067 43 20 0.005 0.161 0.172
1N4067A 43 90 0.002 0.065 0.069
1N4068 47 100 0.005 0.176 0.188
1N4068A \i 47 100 0.002 0.071 0.075 \l
1N4069 41-9 51 110 0.005 0.191 0.204 2.0
1N4069A 51 110 0.002 0.077 0.082
1N4070 56 120 0.005 0.210 0.224
1N4070A 56 120 0.002 0.084 0.090
1N4071 62 135 0.005 0.232 0.248
1N4071A 62 \ 135 0.002 0.093 0.099
1N4072 68 5.0 230 0.005 0.255 0.272
1N4072A 68 230 0.002 0.102 0.109
1N4073 75 250 0.005 0.281 0.300
1N4073A 75 250 0.002 0.113 0.120
1N4074 82 270 0.005 0.307 0.328
1N4074A 82 270 0.002 0.123 0.131
1N4075 87 290 0.005 0.326 0.348
1N4075A 87 290 0.002 0.131 0.139
1N4076 91 310 0.005 0.341 0.364
1N4076A 91 310 0.002 0.137 0.146
1N4077 100 340 0.005 0.375 0.400
1N4077A 100 Y 340 0.002 0.150 0.160
1N4078 105 2.5 700 0.005 0.394 0.420
1N4078A 105 700 0.002 0.158 0.168
1N4079 110 740 0.005 0.413 0.440
1N4079A 110 740 0.002 0.165 0.176
1N4080 } 120 800 0.005 0.450 0.480
1N4080A \ 120 800 0.002 0.180 0.192 v
1N4081 41-10 130 840 0.005 0.488 0.520 2.5
1N4081A 130 840 0.002 0.195 0.208
1N4082 140 960 0.005 0.525 0.560
1N4082A 140 960 0.002 0.210 0.224
1N4083 150 1020 0.005 0.563 0.600
1N4083A 150 1020 0.002 0.225 0.240
1N4084 175 1150 0.005 0.656 0.700
1N4084A 175 1150 0.002 0.263 0.280
1N4085 200 1350 0.005 0.750 0.800
1N4085A 200 \J 1350 0.002 0.300 0.320 v

* Derate linearly from 25°C to 175°C.




TN429/1N1530/1N1735/1N4057 (continued)

TABLE 2 — ELECTRICAL CHARACTERISTICS (12T = 7.5 mA, TA = 25°C unless otherwise noted)

Max Voltage Change .
Zener @ Max Dynamic Temperature Power’
Voltage | -55, +25, +100°C | Impedance Coefficient Dissipation
Type Vz +£5% aVz (Volts) (Note 3) (Note 2) Pp Case Figure
Number (Volts) (Note 2) 227 (Ohms) (%/°C) (mW) Number | Number
1Nnaze @ 6.2 0.050 20 0.01 200 53 1
1N1735 6.2 0.050 20 0.01 200 416 2
1N1530" " 0.014 0.002
. 15 250 57
1N1530A°" @ 8.4 0.007 0.001 3
1N1736 0.100 0.01
a - 400 41-3 2
1N1736A 12 0.050 40 0.005
1N1737 0.150 0.01
. g 60 600 415 2
1N1737A 18.6 0.075 0.005
1N1738 0.200 0.01
24, K 2
1N1738A 4.8 0.100 80 0.005 800 415
1N1739 0.250 0.01
1N1739A 310 0.125 100 0.005 1000 414 2
1N1740 0.300 0.01
37. 120 1 -4
1N1740A 7:2 0.150 0.005 200 4 2
1N1741 0.350 0.01
43, a .
1IN1741A 4 0.175 140 0.005 1400 414 2
1N1742 0.400 0.01
49.6 -
IN1742A 9 0.200 180 0.005 1600 414 2
*Derate linearly from 25°C to 175°C @ Available to MIL-S-19500/299 Specifications.
lzr=10mA @ Available to MIL-5-19500/320 Specifications.
(@ Available to MIL-S-19500/298 Specifications.
0210 B DIA
ey
om0
0.200 e
DIA ;
_i' Q C DIA.
0350 t—n~——~—n——~
03170
1 OUTLINE (INCHES) i
0019 oy 1M°”§f PKG. A B ¢ [] - i
0022 MAX MAX 0.002 MIN -
N 271 [1.00 | 0.500 | 0.032 |1.25 < o s 3 o
41-2 (0.500 | 0.375 | 0.032 |1.25 0094
41-3 |1.030 | 0.378 | 0.032{1.25 %
41-4 11,220 | 0.641 | 0.032 1.75
0015 41-5 |0.655 | 0.641 | 0.032 {1.25 o
- 0.055 41-6 |0.520 | 0.275 | 0.020(1.25 I}
41.7 [1.000 | 0.375 | 0.032 |1.25 A
41-8 10.520 | 0.260 | 0.030[1.00 T
° 41.9 10.780 | 0.260 | 0.030.{1.00 0188
41-10[1.155 | 0.323 | 0.030(1.00 0212 A
NOT CONNECTED
FIGURE 1 FIGURE 2 FIGURE 3
CASE 53 CASE 41 CASE 57
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1N429/1N1530/1N1735/ 1N4057 (continued)

TEMPERATURE-COMPENSATED REFERENCE DIODES

Temperature compensated reference diodes are made possible by

taking advantage 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 milli-
volts/OC. Reverse biased junctions above 5.0 volts have a positive
temperature coefficient and therefore it is possible by judicious sel-
ection of combinations of forward and reverse biased junctions to
obtain a device which shows a very low temperature coefficient due
to cancellation. Because of the differing impedance versus tempera-
ture characteristics of the junctions involved, optimum temperature
stability is obtained by operating in the zener current range at which
the temperature coefficient is a minimum (Figure 4)

Further information, including a method of effective impedance
cancellation in a bridge circuit for ultra-stable reference supplies, is
contained in the Zener Diode Handbook. The handbook, containing
valuable theory, design, and application information, is available
from your distributor.

NOTE 1 — Voltage-Current Characteristics

Figure 4 shows the voltage-current characteristics of a typical
temperature compensated unit at three different temperatures. The
exploded view illustrates the cross-over area (optimum temperature
stability point), the non-linearity of the temperature-voltage relation-
ship, and the maximum voltage variation (AVz) for the three temp-
eratures shown.

Because of device impedance, the reference voltage will vary with

changes in zener current. These variations can be minimized by driv-
ing the device from a constant current source.

NOTE 2 — Voltage Variation (AVz) and Temperature Coefficient

All reference diodes are characterized by the “box’ method.
This method provides for a guaranteed maximum voltage variation
(AV,, in mV) over a specified temperature range at the specified
I1zT verified by tests at several points within the range. (Maximum
voltage variations over the specified temperature ranges are given in
Tables 1 and 2.) 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 flexibil-
ity as well as economy in selecting the temperature stability re-
quired. The referenced military specifications use this approach to
characterize these devices.

Since reference diodes have a non-linear voltage-temperature re-
lationship (illustrated in exploded view, Figure 4) the temperature
coefficients in %/OC are tabulated primarily for reference purposes
and are guaranteed only at the end points of the temperature range.

NOTE 3 — Zener Impedance Derivation

The dynamic zener impedance, ZzT, is derived from the 60 Hz
ac voltage which results when an ac current with an rms value equal
to 10% of the dc zener current, |77, is superimposed on IzT. A
cathode-ray tube curve trace test on a sample basis is used to en-
sure that each zener characteristic has a sharp and stable knee re-
gion.

FIGURE 4'— TYPICAL OPERATING CHARACTERISTICS
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1N702 thrv 1N745 (zENER DIODES)

Recommended for applications requiring an exact
replacement only. For new designs and for industry
preferred replacement devices, see 1N5221 series.

1/4 watt, 2-200 volts

CASE 51
(DO-7)

INZ46 thrv 1IN759 1N746A thru IN759A (ZENER DIODES)
1N4370 thru 1N4372 1N4370A thru 1N4372A

Hermetically sealed, all-glass case with all external
surfaces corrosion resistant.
CASE 51

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°C Ambient)

TOLERANCE DESIGNATIONS

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 (Ta = 25°C unless otherwise noted)

NOMINAL MAXIMUM MAXIMUM REVERSE LEAKAGE CURRENT
ZENER VOLTAGE TEST MAXIMUM ZENER IMPEDANCE DC ZENER CURRENT

TYPE v,@l, CURRENT 1n @ly ™ T,=25°C T =150°C

NUMBER In L@V =1V h@ Ve =1V
YOLTS mA Ohms mA uA vA
1N4370 2.4 20 30 150 100 200
1N4371 2.7 20 30 135 75 150
1N4372 3.0 20 29 120 50 100
1N746 3.3 20 28 110 10 30
IN747 3.6 20 24 100 10 30
1N748 3.9 20 23 95 10 30
1N749 4.3 20 22 85 2 30
1IN750 4.7 20 19 75 2 30
IN751 5.1 20 17 70 1 20
IN752 5.6 20 11 65 1 20
IN753 6.2 20 7 60 0.1 20
IN754 6.8 20 5 55 0.1 20
IN755 7.5 20 6 50 0.1 20
IN756 8.2 20 8 45 0.1 20
IN757 9.1 20 10 40 0.1 20
IN758 10.0 20 17 35 0.1 20
IN759 0 20 30 30 0.1 20

POLARITY: Cathode End, Indicated by Color Band, Will Be Positive When Operate
Operated In The Zener Region.



1N746 thru TN759 (continued)

SPECIAL.SELECTIONS.AVAILABLE INCLUDE: (See Selector Guide for details)
1 — Nominal zener voltages between those shown. . 3
2 — Matched sets: (Standard Tolerances are *+5.0%, *3.0%, =2.0%, *=1.0%) depending on voltage per device.
a Two or more units for series connection with specified tolerance on total voltage. Series matched sets make possible higher
zener voltages and provide lower temperature coefficients, lower dynamic impedance and greater power handling ability.
b. Two or more units matched to one another with any specified tolerance.
3 — Tight voltage tolerances: 1.0%, 2.0%, 3.0%.

To designate units with zener voltages other than  voltage (V) and test voltage for leakage current will
those listed, the Motorola type number should be conform to the characteristics of the next higher
modified as shown below. Unless otherwise specified, voltage type shown in the table. ‘
the electrical characteristics other than the nominal

EXAMPLE: 1N746 series, IN4370 series

4 M 3.7 A zZ 5
Power Rating  Motorola Alloy Zener Diode Tolerance (+%)

Nominal Voltage

'IN76] thru 1N769 Recommended for apphcathns requiring an e)fact
replacement only. For new designs see 1N5221 series.
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.AM.64FR10/1IN

AM1.36FR5
-AM1.36FR2
AM2.04FR5
AM2.04FR2
MZ2360
MZ2361
MZ2362

816

—p—

CONSTANT-VOLTAGE REFERENCE DIODES FOR
LOW-VOLTAGE APPLICATIONS

. high-conductance silicon diodes designed as a stable forward

MAXIMUM RATINGS

reference source for biasing transistor amplifiers and similar applica-
tions.

® Guaranteed Forward Voltage Range

® Choice of Package

® Temperature Effects Provided

Rating Symbol Value Unit
DC Power Dissipation P 400 mw
06 20 ° FORWARD REFERENCE
@T =30°C +3°C,
Lead Length = 3/8" DIODES
— STABISTORS —

Operating and Storage Junction Ty Tsig -65to +175 °c

Temperature Range

.4M.64FR10/1N816
.AM1.36FR5
.4M1.36FR2
.4M2.04F RS
.4M2.04FR2
MZ2361

MZ2362

Case 59
DO-41

Case 51 MZ2360
DO-7

MECHANICAL CHARACTERISTICS

Case: Choice of package, either Glass or Surmetic

Dimensions: See outline drawings

Finish: All external surfaces are corrosion resistant and leads are readily solder-
able and weldable

Polarity: Cathode indicated by polarity band. Cathode negative for forward

reference application.
Weight: 0.2 Gram (approximate)
Mounting Positions: Any
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4M.64FR10/1N816,.4M1.36FR5, .4M1.36FR2, .4M2.04FR5,

4AM2.04FR2, MZ2360, MZ2361, MZ2362 (continued)

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

Forward Reference Reverse Leakage
Voltage (1) Current (Max)
@ @
VE I IR VR
Type Number Volts mA uA Volts Package Case
Min/Max
.4M.64FR10/

INB16* (2) 0.58/0.70 1.0 0.1 4.0 Glass 51
.4M1.36FRS 1.29/1.43 10 0.1 4.0 Glass 51
.4M1.36FR2 1.33/1.39 10 0.1 4.0 Glass 51
.4M2.04FR5 1.94/2.14 10 0.1 4.0 Glass 51
.4M2.04FR2 2.00/2.08 10 0.1 4.0 Glass 51
MZ2360 0.63/0.71 10 10 5.0 Surmetic 59
MZ2361 1.24/1.38 10 10 5.0 Surmetic 51
MZ2362 1.90/2.10 10 10 5.0 Glass 51

*Indicates JEDEC Registered Data for IN816

(1) Motorola guarantees the forward reference voltage when measured at 90 seconds while maintaining the lead temperature (T ) at 30°C
+ 1°C, 3/8" from the diode body.

(2) Minimum Saturation Voltage for IN816 = 40 V @ 100 uA.

.4M.64FR10/1N816
.4M1.36FR5
.4M1.36FR2
.4M2.04F RS
.AM2.04FR2
MZ2361

MZ2362

CASE 51
DO-7

0.092

= 0104 0'A

0.018
| 002 DiA

1.00 MIN

]
i
0.300 MAX

T ___ﬁ_~_r

1.00 MIN

1

All JEDEC dimensions and notes apply

MZ2360

et

POLARITY MARK
(CATHODE)

0.100
17 s

0.185
0205 CASE 59
| D041
'
110
MIN
|
1

All JEDEC dimensions and notes apply
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.AM.64FR10/1N816, .4AM1.36FR5, .4M1.36FR2, .4M2.04FR5,
4AM2.04FR2, MZ2360, MZ2361, MZ2362(continued)

TYPICAL FORWARD VOLTAGE CHARACTERISTICS

FIGURE 1 — .4M.64FR10/1N816 FIGURE 2 — .4M1.36FR5
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FIGURE 3 — .4M2.04FR5 FIGURE 4 — M22360
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FIGURE 5 — MZ2361 FIGURE 6 — MZ2362
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.AM.64FR10/1N816, .4M1.36FR5, .4M1.36FR2, .4M2.04FR5,
.AM2.04FR2, MZ2360, MZ2361, MZ2362 (continued)

TYPICAL TEMPERATURE COEFFICIENT

FIGURE 7 — .4M.64FR‘!0/1N816 FIGURE 8 — MZ2360
+1.0 +1.0

-1.0

6VF. TEMPERATURE COEFFICIENT (mV/oC)
'
5

6VF, TEMPERATURE COEFFICIENT (mV/°C)

19 20 30 40 50 60 70 80 90 10 ’ 10 20 30 40 50 60 70 80 80 100
If, FORWARD CURRENT (mA) Ir, FORWARD CURRENT (mA)

FIGURE 9 — .4M1.36FR5/M22361 FIGURE 10 — .4M2.04FR5/MZ2362
+2.0 0

o

6vF, TEMPERATURE COEFFICIENT (mV/0C)
&
=]

OvF, TEMPERATURE COEFFICIENT (mVv/C)
IS
=]

-6.0 -8.0
10 20 30 40 50 60 70 80 90 100 0 10 20 30 4 50 60 70 80 90 100

IF, FORWARD CURRENT (mA) g, FORWARD CURRENT (mA)

1-14



n821, A, 18823, A (siicon)

1n825, A, 18827, A

1n829, A

Temperature-compensated zener reference diodes util-
izing an oxide-passivated junction for long-term voltage

stability. RamRod construction provides a rugged, glass-

enclosed, hermetically sealed structure.

MAXIMUM RATINGS

Junction Temperature: -55 to +175°C

Storage Temperature: -65 to +175°C

DC Power Dissipation: 400 mW @ Tp = 50°C

MECHANICAL CHARACTERISTICS

CASE: Hermetically sealed, all-glass
DIMENSIONS: See outline drawing.

FINISH: All external surfaces are corrosion resistant and leads are readily sold-

erable and weldable.

POLARITY:

WEIGHT: 0.2 Gram (approx)
MOUNTING POSITION: Any

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

Cathode indicated by polarity band.

CASE 51
(DO-7)

Maximum : Maximum
JEDEC Voltage A?:s":m TempeAréture Dynamic
Type No. Change Temperature C"e(f“f‘e“‘ Impedance
(Note 1) av,, (Volts) oc o/°C 2, Ohms
+1°C (Note 2)
(Note 2) - (Note 3)
- (7. -
VZ =6.2 V£5.00* @ IZT-7.5 mA »
1N821 0.096 -55, 0, +25, +75, +100 0.01 15
1N823 0.048 0.005
1N825 0.019 0. 002
1N827 0.009 0.001
1N829 0. 005 0.0005
1IN821A 0.096 0.01 10
1N823A 0.048 0. 005
1N825A 0.019 0.002
1IN827A 0.009 0. 001
1IN829A 0.005 0. 0005

*Tighter-tolerance units available on special request.

CAPACITANCE (C) = 30 to 400 pF @ 90% of V.

Z

FORWARD BREAKDOWN VOLTAGE (Vf) =15to 400 V
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1N821,A / 1N823,A / 1N825,A / 1N827,A / 1N829, A (continued)

aVz, MAXIMUM VOLTAGE CHANGE (mV)
{Referenced t0-550C)

17, ZENER CURRENT (mA)

MAXIMUM VOLTAGE CHANGE versus AMBIENT TEMPERATURE
(with 1z7 = 7.5 mA £0.01 mA) (See Note 4)
1N821 thru 1N829
FIGURE 1a FIGURE 1b

~
o

0 l e

N

1N821,A ° INSZI'AI / [

1ZT=75mA y
ZTl m " [ |/ mssa
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TA, AMBIENT TEMPERATURE (°C)
ZENER CURRENT versus MAXIMUM VOLTAGE CHANGE
(At Specified Temperatures)
(See Note 5)
MORE THAN 95% OF THE UNITS ARE IN THE RANGES INDICATED BY THE CURVES.
FIGURE 2 — 1N821 SERIES FIGURE 3 — 1N821A SERIES
10 - / 10 T 7
e AT +2|50[: — +100°C
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AVz, MAXIMUM VOLTAGE CHANGE (mV) Vz, MAXIMUM VOLTAGE CHANGE (mV)
(Referenced to 17T = 7.5 mA) (Refereiced to 1ZT = 7.5 mA)
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TN821,A / 1N823,A / 1N825,A / 1N827,A / 1N829, A (continued)

MAXIMUM ZENER IMPEDANCE versus ZENER CURRENT

(See Note 3)
MORE THAN 95% OF THE UNITS ARE IN THE RANGES INDICATED BY THE CURVES.

FIGURE 4 — 1N821 SERIES
1000

FIGURE 5 — 1N821A SERIES
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FIGURE 6 — DISTRIBUTION OF MAXIMUM GENERATED NOISE
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NOTE 1:

Types TN821, 1N823, 1N825, 1IN827, and 1N829 are available to
MIL-S-19500/159,

NOTE 2:

Voltage Variation (aVz) and Temperature Coefficient.

All reference diodes are characterized by the “box method”. This
guarantees a maximum voltage variation (AVZz) over the specified
temperature range, at the specified test current (IzT), verified by
tests at indicated temperature points within the range. Vz is meas-
ured and recorded at each temperature specified. The AVz between
the highest and lowest values must not exceed the maximum AVZz
given. This method of fndicating voltage stability is now used for
JEDEC registration as well as for military qualification. The former
method of indicating voltage stability — by means of temperature
coefficient —accurately reflects the voltage deviation at the tempera-
ture extremes, but is not necessarily accurate within the tempera-
ture range because reference diodes have a nonlinear temperature
relationship. The temperature coefficient, therefore, is given only
as a reference.

NOTE 3:

The dynamic zener impedance, ZzT, is derived from the 60-Hz ac
voltage drop which results when an ac current with an rms value

equal to 10% of the dc zener current, |z, is superimposed on Iz T.
Curves showing the variation of zener impedance with zener current
for each series are given in Figures 4 and 5. A cathode-ray tube
curve-trace test on a sample basis is used to ensure that each zener
characteristic has a sharp and stable knee region.

NOTE 4:

These graphs can be used to determine the maximum voltage change
of any device in the series over any specific temperature range. For
example, a temperature change from 0 to +50°C will cause a volt-
age change no greater than +31 mV or -31 mV for 1IN821 or 1IN821A,
as illustrated by the dashed lines in Figure 1. The.boundaries given
are maximum values. For greater resolution, an expanded view of
the shaded area in Figure 1a is shown in Figure 1b.

NOTE 5:

The maximum voltage change, AVz, Figures 2 and 3 is due en-
tirely to the impedance of the device. If both temperature and Iz T
are varied, then the total voltage change may be obtained by graph-
ically adding AVz in Figure 2 or 3 to the AVz in Figure 1 for the
device under consideration. If the device is to be operated at some
stable current other than the specified test current, a new set of
characteristics may be plotted by superimposing the data in Figure 2
or 3 on Figure 1. For a more detailed explanation see AN-437
(Application Note).
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1n935, A, B (siicon)

thru

n939, A, B

Temperature-compensated zener reference diodes util-
izing an oxide-passivated junction for long-term voltage
stability. RamRod construction provides a rugged, glass-
enclosed, hermetically sealed structure.

MAXIMUM RATINGS

CASE 51
Junction Temperature: -55 to +1759C (DO-7)
Storage Temperature: -65 to +175°C
DC Power Dissipation: 500 mW @ T = 25°C
MECHANICAL CHARACTERISTICS
CASE: Hermetically sealed, all-glass
DIMENSIONS: See outline drawing.
FINISH: All external surfaces are corrosion resistant and leads are readily sold-
erable and weldable.
POLARITY: Cathode indicated by polarity band.
WEIGHT: 0.2 Gram(approx)
MOUNTING POSITION: Any
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)
Maximum Ambient Maximgm
Voltage Test Temperature Dynamic
JEDEC Change Te""Pgrature Coefficient Zlmpi?):li::s:)
Type No. avy (Volts) C %/°C ZT
(Note 1) (Note 2) +1°C (Note 2) (Note 3)
Vg = 9.0V £5.0%* @ Iyp= 7.5 mA
1N935 0.067 | 0.01
1N936 0. 033 0. 005
1N937 0.013 0, +25, +15 0.002 20
1N938 0. 006 0.001
1N939 0.003 0.0005
1N935A 0.139 0.01
IN936A 0. 069 _55, 0, +25, 0.005
1N937A 0. 027 75, +100 0. 002 20
1N938A 0.013 0.001
IN939A 0. 007 0. 0005
1N935B 0.184 v 0.01
1N936B 0.092 -55, 0, +25, 0.005
1N937B 0.037 15, +100, +150 0.002 » 20
1N938B 0.018 0.001
1N939B 0.009 0.0005

*Tighter-tolerance units available on special request.

CAPACITANCE (C) = 20 to 180 pF @ 90% of Vg
FORWARD BREAKDOWN VOLTAGE (Vf) =100 to 800V
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1N935, A, B thru IN939, A, B (continued)

MAXIMUM VOLTAGE CHANGE versus TEMPERATURE

(with Iz = 7.5 mA £0.01 mA) (See Note 4)

1N935 thru 1N939

FIGURE 1a FIGURE 1b
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1N935, A, B thru TN939, A, B (continued)

MAXIMUM VOLTAGE CHANGE versus TEMPERATURE
(with Iz = 7.5 mA +£0.01 mA) (See Note 4)

1N935B thru 1N939B

FIGURE 3a FIGURE 3b
20 (50 [ TNg358 N9368
1IzZT=75mA 1N9358 j/ /7
10 T/ e
w1 ¥ P
g o /’ 1N9368 / Vi //
w 2
————— 1N9388
% =) 50 // / 1N9378 10 /]/
O &
§ f L — NN?BB = 1N9398
Ze
28 0 TN9398 0 T
B \:F“L T
5 I N938B ~ — <
%%_50 \ \“‘—HWBJ_ 10 \\\\ ~_ \\ 1N9398
§_ \ \ \ 1N938B
o -20 \ N
< o100 \\ 1N9368 \ X \
-30
\WEAN N\

150 AN N 1ng378

-40
1N9358 \
-60

-200 \1N935B \ 1N936B
-55 0 50 100 150 -55 0 50 100 150
TA, AMBIENT TEMPERATURE (0C)

FIGURE 4 — ZENER CURRENT versus MAXIMUM FIGURE 5 — MAXIMUM ZENER IMPEDANCE
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1N935, A, B thru 1N939, A, B (continued)

FIGURE 6 — DISTRIBUTION OF MAXIMUM GENERATED NOISE
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NOTE 1:

Types TN9358, 1N937B, and 1N939B are available to M1L-S-19500/
156.

NOTE 2:

Voltage Variation (aVz) and Temperature Coefficient.

All reference diodes are characterized by the ““box method”. This
guarantees a maximum voltage variation (aV7) over the specified
temperature range, at the specified test current (lzT), verified by
tests at indicated temperature points within the range. This method
of indicating voltage stability is now used for JEDEC registration as
well as for military qualification. The former method of indicating
voltage stability — by means of temperature coefficient — accurately
reflects the voltage deviation at the temperature extremes, but is not
necessarily accurate within the temperature range because reference
diodes have a nonlinear temperature relationship. The temperature
coefficient, therefore, is given only as a reference.

NOTE 3:
Zener Impedance Derivation

The dynamic zener impedance, ZzT, is derived from the 60-Hz ac
voltage drop which results when an ac current with an rms value
equal to 10% of the dc zener current, Iz, is superimposed on | 7.
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Curves showing the variation of zener impedance with zener current
for each series are given in Figure 5. A cathode-ray tube curve-trace
test on a sample basis is used to ensure that each zener characteristic
has a sharp and stable knee region.

NOTE 4:

These graphs can be used to determine the maximum voltage change
of any device in the series over any specific temperature range. For
example, a temperature change from +25 to +50°C will cause a volt-
age change no greater than +22 mV or -22 mV for 1N935, as illus-
trated by the dashed lines in Figure 1. The boundaries given are
maximum values. For greater resolution, expanded views of the
shaded areas in Figures 1a, 2a, and 3a are shown in Figures 1b, 2b,
and 3b respectively.

NOTE 5:

The maximum voltage change, aVz, in Figure 4 is due entirely to the
impedance of the device. |f both temperature and Iz T are varied,
then the total voltage change may be obtained by adding aVz in Fig-
ure 4 to the aVz in Figure 1, 2, or 3 for the device under considera-
tion. |f the device is to be operated at some stable current other
than the specified test current, a new set of characteristics may be
plotted by superimposing the data in Figure 4 on Figure 1, 2, or 3.



n941 ’ A, B (SILICON)

thru

1n945, A, B

Temperature-compensated zener reference diodes util-
izing an oxide-passivated junction for long-term voltage
stability. RamRod construction provides a rugged, glass-
enclosed, hermetically sealed structure.

MAXIMUM RATINGS

Junction Temperature: -55 to +175°C cﬁ)soEgl
Storage Temperature: -65 to +175°C
DC Power Dissipation: 500 mW @ Ta = 25°C
MECHANICAL CHARACTERISTICS
CASE: Hermetically sealed, all-glass
DIMENSIONS: See outline drawing.
FINISH: All external surfaces are corrosion resistant and leads are readily sold-
erable and weldable.
POLARITY: Cathode indicated by polarity band.
WEIGHT: 0.2 Gram(approx)
MOUNTING POSITION: Any
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)
Maximum Ambient
Voltage mbien Maximum
Test Temperature
JEDEC A\f':ha(!\llielts) Temperature Coefficient ZImpe(g,lrllce
Type No. V4 oc %/ °C z (Ohms)
(Note 1) (Note 2) +1°C (Note 2) (Note 3)
VZ =11.7V £5.0%* @ IZT = 7.5 mA
1N941 0.088 0.01
1N942 0. 044 0. 005
1N943 0.018 0, +25, +75 0. 002 30
1N944 0.009 0. 001
1N945 0. 004 0. 0005
IN941A 0.181 0.01
1N942A 0.090 0. 005
1N943A 0.036 -55, 0, +25, 0. 002 30
1N944A 0.018 ) +75, +100 0.001
1N945A 0. 009 0. 0005
1IN941B 0.239 0.01
1N942B 0.120 0. 005
1N943B 0. 047 -55, 0, +25, 0. 002 30
1N944B 0.024 +75, +100, +150 0. 001
1N945B 0.012 0. 0005

*Tighter-tolerahce units available on special request.

CAPACITANCE (C) = 14 to 35 pF @ 90% of Vg
FORWARD BREAKDOWN VOLTAGE (Vf) =150 to 1200 V
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aVz, MAXIMUM VOLTAGE CHANGE (mV)

AVz, MAXIMUM VOLTAGE CHANGE (mV)

(Referenced to 0°C)
=]

1N941, A, B thru 1N945, A, B (continued)

MAXIMUM VOLTAGE CHANGE versus AMBIENT TEMPERATURE

(With Iz7= 7.6 mA 10.01 mA) (See Note 4)

1N941 thru 1N945

FIGURE 1a
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MAXIMUM VOLTAGE CHANGE versus AMBIENT TEMPERATURE

(With Iz7 = 7.6 mA £0.01 mA) (See Note 4)
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1N941, A, B thru 1IN945, A, B (continued)

MAXIMUM VOLTAGE CHANGE versus TEMPERATURE
(with 17T = 7.5 mA £0.01 mA) (See Note 4)

1N941B thru TN945B

FIGURE 3a FIGURE 3b
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FIGURE 4 — ZENER CURRENT versus MAXIMUM FIGURE 5 — MAXIMUM ZENER IMPEDANCE versus
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1N941, A, B thru TN945, A, B (continued)

FIGURE 6 — DISTRIBUTION OF MAXIMUM GENERATED NOISE
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NOTE 1:

Types 1N941B, 1N943B, and 1N944B are available to MIL-S-19500/
157.

NOTE 2:

Voltage Variation (aVz) and Temperature Coefficient.

All reference diodes are characterized by the ““box method”’. This
guarantees a maximum voltage variation (aVz) over the specified
temperature range, at the specified test current (IzT), verified by
tests at indicated temperature points within the range. This method
of indicating voltage stability is now used for JEDEC registration as
well as for military qualification. The former method of indicating
voltage stability — by means of temperature coefficient — accurately
reflects the voltage deviation at the temperature extremes, but is not
necessarily accurate within the temperature range because reference
diodes have a nonlinear temperature relationship. The temperature
coefficient, therefore, is given only as a reference.

NOTE 3:
Zener Impedance Derivation

The dynamic zener impedance, ZzT, is derived from the 60-Hz ac
voltage drop which results when an ac current with an rms value
equal to 10% of the dc zener current, |z, is superimposed on Iz T.
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Curves showing the variation of zener impedance with zener current
for each series are given in Figure 5. A cathode-ray tube curve-trace
test on a sample basis is used to ensure that each zener characteristic
has a sharp and stable knee region.

NOTE 4:

These graphs can be used to determine the maximum voltage change
of any device in the series over any specific temperature range. For
example, a temperature change from +25 to +50°C will cause a volt-
age change no greater than +29 mV or -28 mV for 1N941, as illus-
trated by the dashed lines in Figure 1. The boundaries given are
maximum values. For greater resolution, expanded views of the
shaded areas in Figures 1a, 2a, and 3a are shown in Figures 1b, 2b,
and 3b respectively.

NOTE 5:

The maximum voltage change, aVz, in Figure 4 is due entirely to the
impedance of the device. If both temperature and |z are varied,
then the total voltage change may be obtained by adding aVz in Fig-
ure 4 to the aVz in Figure 1, 2, or 3 for the device under considera-
tion. If the device is to be operated at some stable current other
than the specified test current, a new set of characteristics may be
plotted by superimposing the data in Figure 4 on Figure 1, 2, or 3.



IN957 thro 1IN992

Hermetically sealed, all-glass case with all external

CASE 51 surfaces corrosion resistant. Cathode end, indicated

(DO-7) by color band, will be positive with respect toanode end
when operated in the zener region.

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°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)
Motorola Guarantees the Zener Voltage at 90 Seconds with Lead Temperature of 30°C+1°C, 3/8" from Unit Body.

NOMINAL MAXIMUM
ZENER VOLTAGE|  TEST MAXIMUM ZENER IMPEDANCE DC ZENER CURRENT REVERSE LEAKAGE CURRENT
TYPE Vv, CURRENT '™

NUMBER In 15 @Iy 1n@ln I 1, MAXIMUM TEST VOLTAGE Vdc *

voLTS mA Ohms Ohms mA mA (vA) Vai Va2
1N957 6.8 18.5 4.5 700 1.0 47 150 5.2 4.9
1N958 7.5 16.5 5.5 700 0.5 42 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 69 6.6
IN961 10 12.5 8.5 700 0.25 32 10 7.6 7.2
1N962 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
1N966 16 7.8 17 700 0.25 19 5 12.2 11.5
IN967 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
IN971 27 4.6 41 750 0.25 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
1IN974 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 1500 0.25 7.0 5 32.7 31.0
1N977 47 2.7 105 1500 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 1.8 230 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 1.4 400 3000 0.25 3.3 H 69.2 65.5
1N985 100 1.3 500 3000 0.25 3.0 5 76.0 72.0
1N986 110 1.1 750 4000 0.25 2.7 5 83.6 79.2
IN987 120 1.0 900 4500 0.25 2.5 5 91.2 86.4
1N988 130 0.95 | 1100 5000 0.25 2.3 5 98.8 93.6
1N989 150 0.85 | 1500 6000 0.25 2.0 H 114.0 108.0
1N990 160 0.80 | 1700 6500 0.25 1.9 5 121.6 115.2
IN991 180 0.68 | 2200 7100 0.25 1.7 5 136.8 129.6
1N992 200 0.65 | 2500 8000 0.25 1.5 5 152.0 144.0




1N957 thru TN992 (continued)

SPECIAL SELECTIONS AVAILABLE INCLUDE: (See Selector Guide for details)
1 — Nominal zener voltages between those shown.
2 — Matched sets: (Standard Tolerances are +5.0%, *3.0%, +2.0%, =1.0%) depending on voltage per device.
a. Two or more units for series tion with specified tolerance on total voltage. Series matched sets make possible higher
zener voltages and provide lower temperature coefficients, lower dynamic impedance and greater power handling ability.
b. Two or more units matched to one another with any specified tolerance.
3 — Tight voltage tolerances: 1.0%, 2.0%, 3.0%.

*VRI — Test Voltage for 5% Tolerance Device

VR2 — Test Voltage for 10% Tolerance Device

No Leakage Specified as 20% Tolerance Device

To designate units with zener voltages other than  voltage (V) and test voltage for leakage current will
those listed, the Motorola type number should be conform to the characteristics of the next higher
modified as shown below. Unless otherwise specified,  voltage type shown in the table.
the electrical characteristics other than the nominal

EXAMPLE: 1N957 series

4 M 115 Z 3
Power Rating Motorola Zener Diode Tolerance (+%)

Nominal Voltage



N1 183thru INTT90 (siLICON)

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. 1N1183R.

MAXIMUM RATINGS

Rating Symbol Valuve Unit
Peak Repetit::]z Reverse Voltage VRM (rep) Volts
DC Blocking Voltage VR
1IN1183 50
IN1184 100
IN1185 150
1IN1186 200
1N1187 300
1N1188 400
IN1189 500
1N1190 600
RMS Reverse Voltage Vr Volts
1N1183 35
IN1184 70
IN1185 105
IN1186 140
IN1187 210
1N1188 280
1N1189 350
IN1190 420
Average 1/2-Wave Rectified Forward I, Amp
Current
(Resistive Load, 60 Hz , TC = 140°C) 35
Peak Repetitive Forward Current 1 Amp
(T, = 140°C) FM (rep) 150
Peak Surge Current I Amp
(’I‘C = 140°C, superimposed on Rated FM (surge) 400
Current at Rated Voltage)
Operating and Storage Temperature T I Tstg -65 to +190 °c
Thermal Impedance f3c 1.0 °C/W,
DC steady state




TN1183 thru TN1190 (continued)

ELECTRICAL CHARACTERISTICS

Characteristics Symbol Valuve Unit
Max Full Cycle Average Forward Voltage Drop VF(AV) 0.6 Volts
(Io ( max) rated Vr’ 60 Hz , TC = 140°C)
Max Instantaneous Forward Voltage Drop VF 1.3 Volts
(Ig = 100 Amps, T; = 25°C)
Max Full Cycle Average Reverse Curreng IR(AV) 10,0 mA
U5 (maxy T2ted Vy, 60 Hz, T = 140°C)
Max DC Reverse Current L 1.0 mA
(Rated Vo Tc = 25°)
MAXIMUM AVERAGE FORWARD CURRENT RATING
versus MAXIMUM CASE TEMPERATURE TYPICAL FORWARD CHARACTERISTICS
(60 CPS, RESISTIVE OR INDUCTIVE LOAD)
45 geffe 1000
800
600
40 H7F ]
\uc 400
N mls \ g '
g 3 ¥ < 200
: : 7,
L \ £
g 1 AND 3¢ \ 3 8o 7
3 \ \ o 60 vim
a 25 p¢ -
= \ s 40
<<
= o
& 20kt \\ 2 ]
i I \ 2 2
g \ 2 T,= 150°c/ / T, = 25°
< 15 ¢ A = 10 Iy
< AN \ z g =
x o
=10 pr A\ £ 6
\\\ = 4
5 HF N 2 [
0 S 1 /
0 120 140 160 180 0 020406 08 10 12 14 16 1.8 20
Te, MAXIMUM CASE TEMPERATURE (°C) Ve, INSTANTANEOUS FORWARD VOLTAGE (VOLTS)

INTT19Tihru 1NT198

TN1195A thru TN1198A

For Specifications, See 1N248B Data.




INI3I3 thru 'INI327

Very low power zener diodes with standard +10%
tolerances. Available with +5.0% tolerance by adding
suffix '""A'" to type number.

Standard cathode-to-case polarity.

For new designs and for industry preferred replace-

CASE 53 ment devices, see MZ92-8.8A series.

MAXIMUM RATINGS

Junction and Storage Temperature Range: -65 to +175°C (Derate 1 mW/°C
above 25°C).

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

Max Reverse Current Max Reverse Current

Nominal Test Nominal Test

Voltage Tao=25°C |To =100°C | Voltage Voltage Ta=25C JTo =100°C| Voltage
Vi@Izr =200,.A] k@Ve | la@Vr Yr V@I =200A) lR@Vr A @ Vg Vr
Type volts #A ) volts Type volts uh #A volts
1N1313 8.75 0.5 5 6.8 1N1318 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 1N1322 48.50 0.1 10 39

Max Reverse Current
Nominal Test

Voltage Ta=125°C |T, =100"C ] Voltage
V2@ lzr =200 A} e gvn @ Vg Vr

Type volts wA volts
1N1323 58.00 0.1 10 47
1N1324 71.00 1.0 50 56
1IN1325 81.50 1.0 50 68
1N1326 105.0 1.0 50 82
1N1327 127.5 1.0 50 100

INI3 51 thru 1N1375

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

CASE 56
{DO-4)



iN1507 thro 1n1517

Recommended for applications requiring an exactre-
placement only. For new designs and for industry pre-
ferred replacement devices, see 1.0-watt, 1N4728

CASE 52 series.

(DO-13)

iN1518 thru 1n1528

Recommended for applications requiring an exact
replacement only. For new designs and for industry
preferred replacement devices, see 1N4728 series.

CASE 52
(DO-13)

in1530, A

For Specifications, See 1N429 Data.

1N1588 ihrv 1n1598

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

CASE 56
(DO-4)

'INI 599 thru 'INI 609

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

CASE 56
(DO-4)
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HIGH VOLTAGE SILICON RECTIFIERS MOLDED ASSEMBLIES

IN1730 thro 1n1734
12382 hr 1N2385

Standard single - phase, half-wave, high -voltage
silicon rectifier assemblies.

CASE 41

MAXIMUM RATINGS (covering all devices in the table below)

Max. DC Reverse Current
@ Rated Peak Reverse Voltage 25°C 104A
100°C 100 A
Max. Surge Current ) . 2.5A
(8 ms)
Operating Temperature -55°C to +150°C

ELECTRICAL CHARACTERISTICS

Avg. Rectified Max. DC
Fwd. Fwd. Case Lead
v Current - mA |Max.RMS Voltage Dimensions Dimensions

Rectifier RM Input @ 100mA
Types (rep) @25°C |@100°C | Voltage @25°C | L Dia. L Dia.
1N1730 1000 200 100 700 5 .5 .375 1.250 .030
1N1731 1500 200 100 1050 5 .5 .375 1.250 .030
1N1732 2000 200 100 1400 9 1.0 .375 1. 250 .030
1N1733 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 1.5 .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.

iN1735 thruin1742 (RererENCE DIODES)
INI 736A thru 1Nl 742 A For Specifications, See 1N429 Data.

NT 765 ihru‘ iN1802 (zener DIODES’)

Recommended for applications requiring an exactre-
placement only. For new designs and for industry pre-
ferred replacement devices, see 1N4728 series.

CASE 52
(DO-13)
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1N1803 thrv 1IN1836 (zENER DIODES)

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

CASE 56 =% 1N1816 thru TN 1836 are available as clipper devices.To
(DO-4) order, add suffix ‘‘C’’ for £10%, suffix “CA" for £5%.

1N2008 thrv 1nN2012 (zener DiODES)

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

CASE 56
(DO-4)

1N2032 thrv 1N2040 (zENER DIODES)

Recommended for applications requiring an exactre-
placement only. For new designs and for industry
preferred replacement devices, see 1N4728 series.

CASE 52
(DO-13)

1N2041 thrv 1n2049 (zEnER DIODES)

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

CASE 56
(DO-3)
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1N2163 thrv 12171 (siuicon)
1N2|63A thru 'IN2I7]A
1n3580, A, B 1n3583, A, B

TEMPERATURE-COMPENSATED ZENER REFERENCE DIODES

Highly reliable reference sources utilizing an oxide-passivated
junction for long-term voltage stability. Construction consists of
welded hermetically sealed metal and glass case.

e Low Dynamic Impedance
e Choice of Three Temperature Ranges

e “Box Method’’ Specifications Guarantee Maximum Voltage De-
viation.

TEMPERATURE-

COMPENSATED

SILICON ZENER
REFERENCE DIODES

Temperature compensated reference diodes are made by taking
advantage 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 5.0 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 that shows a very low temperature coefficient due to cancella-
tion. Because of the differing impedance versus temperature charac-
teristics of the junctions involved, optimum temperature stability is
obtained by operating in the zener current range at which the tempera-
ture coefficient is a minimum.

MAXIMUM RATINGS
Junction Temperature: -55 to +200°C
Storage Temperature: -65 to +200°C
DC Power Dissipation: 750 mW @ T, = 25°C

MECHANICAL CHARACTERISTICS
CASE: Hermetically sealed, welded metal glass
DIMENSIONS: See outline drawing.

FINISH: All external surfaces are corrosion resistant and leads are readily solderable
and weldable.

POLARITY: Cathode to case
WEIGHT: 1.5 Grams (approx)
MOUNTING POSITION: Any

0.225 MAX DIA

MIN

]—— 0.090 MAX DIA

1 0. 3’50
021
MAX i

0.026

0.026 pip —ft=— 12

0.03%

=
ZR

CASE 52
(DO-13)
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TN2163 thru TN2171, TN2163A thru 1IN2171A,
1N3580, A, B thru 1N3583, A, B (continued)

ELECTRICAL CHARACTERISTICS

V, =9.4 Volts £ 0.4 V (£ 0.2 V Suffix “A"”) @ (I =10 mA)
2 zv NOTE 1:
Max Voltage Variation (AVZ) and Temperature Coefficient.
Temperature i . m P
Voltage Test pera Max Dynamic All reference diodes are characterized by the “box method”. This
Change Temperatures Coefficient Impedance N e e
Type (Note 1) (Note 1) (Note 2) guarantees a maximum voltage variation (AV) over the specified
10y .e: v
Number sz (Volts) °c %/°C zZT (Ohms) temperature range, at the specified test current (IZT), verified by
N ry tests at indicated temperature points within the range. VZ is
1N2163, 0.033 0, +25,+70 0.005 measured and recorded at each temperature specified. The AVZ
IN2164,A 0.086 37550“’;: 0.008 1 between the highest and lowest values must not exceed the
’ maximum AV, given.
1N2165,A 0.11s 65, 0, +25, 0.005 z
+75, +125, +185 This method of indicating voltage stability is now used for JEDEC
1N2166,A 0.007 0, +25, +70 0.001 registration as well as for military qualification. The former method
1N2167,A 0.017 -65, 0, +25, 0.001 of indicating voltage stability — by means of temperature co-
+75, 4125 15 efficient — accurately reflects the voltage deviation at the tem-
1N2168,A 0.023 -65, 0, +25, 0.001 perature extremes, but is not necessarily accurate within the
+76, +125, +185 . .
temperature range because reference diodes have a nonlinear
N2169,A 0.004 0. +25, 470 b temperature relationship. The temperature coefficient, therefore,
1N2170,A 0.009 -65, 0, +25, 0.0005 is given only as a reference.
+75, +125 15
IN2171,A 0.012 -65, 0, +25, 0.0005
+75, +125, +185

ELECTRICAL CHARACTERISTICS

- + =
Vz- M7 Volts—S.O%(Iz.‘. 7.5 mA)
Max
Voltage Test Temperature | Max Dynamic NOTE 2:
Change Temperatures Coefficient Impedance
Type (Note 1) - (N‘}Z/':(;) (Note 2) The dynamic zener impedance, ZZ , is derived from the 60-Hz ac
Number| AV, (Volts) c 2Zzy (Ohms) voltage drop which results when an ac current with an rms value
equal to 10% of the dc zener current, 'ZT' is superimposed on 'ZT'
1N3580 0,088 0.01 A cathode-ray tube curve-trace test on a sample basis is used to en-
1N3581 0.044 0.005 .
75 25 sure that the zener has a sharj knee r .
1N3582 0.018 0,+25, + 0.002 as a sharp and stable knee region
1N3583 0.009 0.001
1N3580A 0.181 0.01
1IN3581A 0.090 -55, 0, +25, 0.005 25
1N3582A 0.036 +75, +100 0.002
1N3583A 0.018 0.001
1N3580B 0.239 0.01
1N3581B 0.120 0.005
-65, 0, +25 25
1N35828 o0as |, 5%0 "2 1 o002
1N3583B 0.024 ‘ ’ 0.001

'IN2382 thru 1N2385 For Specifications, See IN1730 Data.

1 N2498 thru 1 N2500

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

CASE 56
(DO-4)

1N2609 ihrv 182617

Obsolete, discontinued types, replace with devices from the 1N4001 series.
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1n2620, A, B (siicon

thru
n2624, A, B

Temperature-compensated zener reference diodes util-
izing an oxide-passivated junction for long-term voltage
stability. Construction consists of welded hermetically
sealed metal and glass case.

MAXIMUM RATINGS

. CASE 52
Junction Temperature: —55 to' +175°C (DO-13)
Storage Temperature: -65 to +175°C
DC Power Dissipation: 750 mW @ T p = 25°C

MECHANICAL CHARACTERISTICS
CASE: Hermetically sealed, welded metal and glass
DIMENSIONS: See outline drawing.
FINISH: All external surfaces are corrosion resistant and leads are readily sold-
erable and weldable.
POLARITY: Cathode to case
WEIGHT: 1.5 Grams (approx)
MOUNTING POSITION: Any
ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)
Maximum Ambient Maximum
(\:Iﬁltage Test Temperature 'I]r?]ytzr:;g e
AV a(J\l]g(it ) 'l‘empoerature Coefficient z P (Ohms)
JEDEC gz (VOUS ¢ %/°C ZT
Type No. (Note 1) +1°C (Note 1) (Note 2)
Vy =93V 5.0%* @ I, 1. = 10 mA
1N2620 0.070 0.01
1N2621 0.035 0.005
1N2622 0.014 0, +25, +15 0. 002 15
1N2623 0. 007 0.001
1N2624 0.003 0.0005
1N2620A 0.144 0.01
1N2621A 0. 072' -55, 0, +25, 0. 005
1N2622A 0. 029 475, +100 0.002 15
1N2623A 0.014 0. 001
1N2624A 0. 007 0.0005
1N2620B 0.191 0.01
1N2621B 0.095 -85, 0, +25, 0. 005
1N2622B 0.038 +75, +100, +150 ;0' 002 15
1N2623B 0.019 0.001
1N2624B 0.010 0. 0005

*Tighter-tolerance units available on special request.

CAPACITANCE (C) = 75 to 200 pF @ 90% of \A

FORWARD BREAKDOWN VOLTAGE (Vf) =100 to 800 V

1-36




1N2620, A, B thru TN2624, A, B (continued)

aVz, MAXIMUM VOLTAGE CHANGE (mV)

MAXIMUM VOLTAGE CHANGE versus AMBIENT TEMPERATURE

(With 17 =10 mA £0.01 mA) (See Note 3)

1N2620 thru 1N2624

TA, AMBIENT TEMPERATURE (°C)

1-37

FIGURE 1a FIGURE 1b
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1N2620, A, B thru TN2624, A, B (continued)

2aVz, MAXIMUM VOLTAGE CHANGE (mV)
(Referenced to-550C)

FIGURE 3a
200
/ TN26208
150 /4
100 // IN26218
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\ TN26238
R o |
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1z, ZENER CURRENT (mA)

(with IzT = 10 mA £0.01 mA) (See Note 4)

1N2620B thru 1N26248

FIGURE 4 — ZENER CURRENT versus MAXIMUM
VOLTAGE CHANGE

MAXIMUM VOLTAGE CHANGE versus TEMPERATURE

FIGURE 3b

(" S0[inzea08] |/

" /I 1/ 1uzs!z13
[/

T~ 1N26228

—
//// \‘ 1N26238
" - T~
o N 1N26248
—— AN 1N26248
AN ~
\\ N\
R ¥ 1N26238
T\ N
sl \ [\ \
AN N\
\ \ N 1N26228
0 \\ 1N26218
\_sol_ 126208 |\ \
-55 0 50 100 150

TA, AMBIENT TEMPERATURE (°C)

(at specified temperatures)

(See Note 4)

MORE THAN 95% OF THE UNITS ARE IN THE RANGES INDICATED BY THE CURVES
2

+2500 /[ ;\/
+750C
-550C
1
+1500C
z1
o —— —— H—
|
|
9.0 t
+150°c>/ / I
oc |
a0 '/ > +2500 |
+750C >// . I
~~ -550C
7.0 )/ |
-15 50 25 0 2

~Vz, MAXIMUM VOLTAGE CHANGE (mV)
(Referenced to IzT = 10 mA)

50

27, MAXIMUM ZENER IMPEDANCE (OHMS)

FIGURE 5 — MAXIMUM ZENER IMPEDANCE

versus ZENER CURRENT
(See Note 2)

MORE THAN 95% OF THE UNITS ARE IN THE RANGES INDICATED BY THE CURVES

NN
30 N <
0 NN
\\
40 N
-5500>\ Ng— 100°C
20 NN
~N N
™N
\Q\l\ 250C
™
a0 AN
6.0 NS
50
10 2.0 40 60 80 10

17, ZENER CURRENT (mA)

20



1N2620, A, B thru 1N2624, A, B (continued)

MAXIMUM NOISE (uV rms)

FIGURE 6 — DISTRIBUTION OF MAXIMUM GENERATED NOISE
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NOTE 1:

Voltage Variation (aVz) and Temperature Coefficient.

All reference diodes are characterized by the “box method’’. This
guarantees a maximum voltage variation (aVz) over the specified
temperature range, at the specified test current {l1zT), verified by
tests at indicated temperature points within the range. This method
of indicating voltage stability is now used for JEDEC registration as
well as for military qualification. The former method of indicating
voltage stability — by means of temperature coefficient — accurately
reflects the voltage deviation at the temperature extremes, but is not
necessarily accurate within the temperature range because reference
diodes have a nonlinear temperature relationship. The temperature
coefficient, therefore, is given only as a reference.

NOTE 2:

Zener Impedance Derivation

The dynamic zener impedance, ZzT, is derived from the 60-Hz ac
voltage drop which results when an ac current with an rms value
equal to 10% of the dc zener current, Iz, is superimposed on | zT.
Curves showing the variation of zener impedance with zener current

for each series are given in Figure 5. A cathode-ray tube curve-trace
test on a sample basis is used to ensure that each zener characteristic
has a sharp and stable knee region.

NOTE 3:

These graphs can be used to determine the maximum voltage change
of any device in the series over any specific temperature range. For
example, a temperature change from +25 to +50°C will cause a volt-
age change no greater than +23 mV or -23 mV for 1N2620, as
illustrated by the dashed lines in Figure 1. The boundaries given are
maximum values. For greater resolution, expanded views of the
shaded areas in Figures 1a, 2a, and 3a are shown in Figures 1b, 2b,
and 3b respectively.

NOTE 4:

The maximum voltage change, aVz, in Figure 4 is due entirely to the
impedance of the device. If both temperature and |z T are varied,
then the total voltage change may be obtained by adding aVz in Fig-
ure 4 to the aVz in Figure 1, 2, or 3 for the device under considera-
tion. If the device is to be operated at some stable current other
than the specified test current, a new set of characteristics may be
plotted by superimposing the data in Figure 4 on Figure 1, 2, or 3.



'IN2804 thru 'IN2846 (ZENER DIODES)

6.8V thru 200V  (Case 54)

1N4557 i 1n4564 1n4549 1 184556

3.9V thru 7.5V (Case 54) 3.9V thru 7.5V  (Case 58)

'IN3305 thru 'IN3350

6.8V thru 200V  (Case 58)

Units are available with anode-to-case and cathode-
to-case connections (standard and reverse polarity ).
For reverse polarity, add suffix "R' to type number.

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).
TOLERANCE DESIGNATION
The type numbers shown have a standard tolerance of +20% on the nominal
zener voltage. Add suffix ""A" for +10% units or ""B" for +5% units. (2% and 1%
tolerance also available. (See Selector Guide for details)

CASE 54 APPLICATIONS INFORMATION

If these units are used with a socket, the unregulated line should be connected
to one pin through a suitable current limiting resistor and the load should be
connected to the other pin. The load will now be disconnected from the line if
the unit is removed from the socket.

CASE 54
(TO-3 Modified)

CASE 58
(stud package)

Typical circuit connections for anode-to-case and cathode-to-case polarities
(standard and reverse polarities, respectively)are shown below

CURRENT
LIMITING
RESISTOR

CIRCUIT CONNECTIONS

INTERLOCK JUMPER INTERLOCK JUMPER

STANDARD POLARITY
(ANODE TO CASE)

€] -
UNREGULATED UNREGULATED
®
REVERSE POLARITY I +
(CATHODE TO CASE)

—/-l- CHASSIS RED DOT ON CASE AND
CASE TERMINAL OR GND.

_/ =+ CHAssIS
"R" SUFFIX ON TYPE NO CASE TERMINAL OR GND.
= +)

(A) NOMINAL ZENER VOLTAGES BETWEEN THE 50 M 51 S Z 5 B 1

VOLTAGES SHOWN AND TIGHTER VOLTAGE T T T T

TOLERANCES: . Device 51 Volts Zener Overall

To designate units with zener voltages other than Description | (each device) | Diodes T;)le:anoe

those assigned JEDEC numbers and for tight voltage Motorola Stud (°+ ls‘%; )

tolerances (+3%, +2%, +1%), the Motorola type Tolgrance = .

number should be used. p p?tr tgev;cZe O(‘;_S%i)ts) (A-(bi?)?eu )

50 M % s z 3 *Code: omit for o un

B — Two devices in series

T T T ces In serie
Device Motorola Nominal T Zener Tolerance C — Three devices in series

e ¢ - devices in series
Description Voltage ' Diode (%) D - Four
ge Stud ; Example:  50MS1SZ5B1
Example: 50M90ZS3 (C) ZENER CLIPPERS: (Standard Tolerance +10% and

+5%).

Special clipper diodes with opposing Zener
junctions built into the device are available by using
the following nomenclature:

50 M 2‘9_, S _T_ Y4 10
Device Nominal Zener
Diodes

(B) MATCHED SETS: (Standard Tolerances are +5.0%,
| £2.0%, £1.0%).

Zener diodes can be obtained in sets consisting
of two or more matched devices. The method for
specifying such matched sets is similar to the one
described in (A) for specifying units with a special
voltage and/or tolerance except that two extra
suffixes are added to the code number described. Description Voltage

These units are marked with code letters to Motorola Stud Clipper

identify the matched sets and, in addition, each unit
in a set is marked with the same serial number,
which is different for each set being ordered.

Tolerance for each of
the two Zener voltages
(not a matching require-

Example: SOM20SZZ10 ment)
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1N2804 thru 1N2846 (continued)

ELECTRICAL CHARACTERISTICS
(Tc = 30°C unless otherwise specified) Vi = 1.5 V max @ 10 A on all types.

. !
Nominal Test Max Zener Impedance Max DC Zener REVERSE TZY pical
Zone Valtage | o Corrent Lot coment | 7;'"
50 Watt 50 Watt @l ;’I"‘) 75°C Case Temp Tem: po”
o . Coeff.
CASE 54 | CAsE 58 | (VpVolts | M0 |7 a1 |2, @ly=5mA|  CzwmA L max | vy, | Ve | %/7C
ohms ohms (. A)
1N4557 1N4549 3.9 3200 0.16 400 11900 150 0.5 0.5 -.025
1N4558 1N4550 4.3 2900 0.16 500 10650 150 0.5 0.5 -.025
1N4559 1N4551 4.7 2650 0.12 600 9700 100 1.0 1.0 .010
1N4560 1N4552 5.1 2450 0.12 650 8900 20 1.0 1.0 .015
1N4561 1N4553 5.6 2250 0.12 900 8100 20 1.0 1.0 .030
1N4562 1N4554 6.2 2000 0.14 1000 7300 20 2.0 2.0 .040
1N2804 1N3305 6.8 1850 0.2 70 6600 150 4.5 4.3 .040
1N4563 1N4555 6.8 1850 0.16 200 6650 10 2.0 2.0 .045
1N2805 1N3306 7.5 1700 0.3 0 5900 15 5.0 4.7 .045
1N4564 1N4556 1.5 1650 0.24 100 6050 10 3.0 3.0 .053
1N2806 1N3307 8.2 1500 0.4 70 5200 50 5.4 5.2 .048
1N2807 1N3308 9.1 1370 0.5 70 4800 25 6.1 5.7 .051
1N2808 1N3309 10 1200 0.6 80 4300 10 6.7 6.3 .055
1N2809 IN3310 11 1100 0.8 80 3900 5 8.4 8.0 .060
1N2810 1N3311 12 1000 1.0 80 3600 5 9.1 8.6 .065
1N2811 1N3312 13 960 1.1 80 3300 5 9.9 9.4 .065
1N2812 1N3313 14 890 1.2 80 3000 5 10.6 10.1 .070
1N2813 1N3314 15 830 1.4 80 2800 5 11.4 10.8 .070
1N2814 1N3315 16 780 i.6 80 2650 5 12.2 11.5 .070
1N2815 1N3316 17 740 1.8 80 2500 5 13.0 12.2 075
1N2816 1N3317 18 700 2.0 80 2300 5 13.7 13.0 .075
1N2817 1N3318 19 660 2.2 80 2200 5 14.4 13.7 .075
1N2818 1N3319 20 630 2.4 80 2100 5 15.2 14.4 .075
1N2819 1N3320 22 570 2.5 80 1900 5 16.7 15.8 .080
1N2820 1N3321 24 520 2.6 80 1750 5 18.2 17.3 .080
1N2821 1N3322 25 500 2.7 90 1550 5 19.0 18.0 .080
1N2822 1N3323 27 460 2.8 90 1500 5 20.6 19.4 .085
1N2823 1N3324 30 420 3.0 90 1400 5 22.8 21.6 .085
1N2824 1N3325 33 380 3.2 90 1300 5 25.1 23.8 .085
1N2825 1N3326 36 350 3.5 90 1150 5 27.4 25.9 .085
1N2826 1N3327 39 320 4.0 90 1050 5 29.7 28.1 .090
1N2827 1N3328 43 290 4.5 90 975 5 32.7 31.0 .090
1N2828 1N3329 45 280 4.5 100 930 5 34.2 32.4 .090
1N2829 1N3330 47 270 5.0 100 880 5 35.8 33.8 .090
1N2830 1N3331 50 250 5.0 100 830 5 38.0 36.0 .090
1N2831 1N3332 51 245 5.2 100 810 5 38.8 36.7 .090
- 1N3333 52 240 5.5 100 790 5 39.5 37.4 .090
1N2832 1N3334 56 220 6 110 740 5 42.6 40.3 .090
1N2833 1N3335 62 200 1 120 660 5 47.1 44.6 .090
1N2834 1N3336 68 180 8 140 600 5 51.7 49.0 .090
1N2835 1N3337 %5 170 9 150 540 5 56.0 54.0 .090
1N2836 1N3338 82 150 11 160 490 5 62.2 §9.0 .090
1N2837 1N3339 91 140 15 180 420 5 69.2 65.5 .090
1N2838 1N3340 100 120 20 200 400 5 76.0 2.0 .090
1N2839 1N3341 105 120 25 210 380 5 9.8 5.6 .095
1N2840 1N3342 110 110 30 220 365 5 83.6 9.2 .095
1N2841 1N3343 120 100 40 240 335 5 91.2 86.4 .095
1N2842 1N3344 130 95 50 275 310 5 98.8 93.6 .095
- 1N3345 140 90 60 325 290 5 106.4 | 100.8 .095
1N2843 1N3346 150 85 % 400 270 5 114.0 | 108.0 .095
1N2844 1N3347 160 80 80 450 250 5 121.6 | 115.2 .095
- 1N3348 175 70 85 500 230 5 133.0 | 126.0 .095
1N2845 1N3349 180 68 90 525 220 5 136.8 | 129.6 .095
1N2846 1N3350 200 65 100 600 200 5 152.0 | 144.0 .100

SPECIAL SELECTIONS AVAILABLE INCLUDE:

(See Selector Guide for details)

*VRI — Test Voltage for 5% Tolerance Device

VR2 — Test Voltage for 10% Tolerance Device
No Leakage Specified as 20% Tolerance Device
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1N2804 thru 1N2846 (continued)

FIGURE 1 — TEMPERATURE CHARACTERISTICS
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1N2970 thro 1N3015 (zEneR DIODES)

CASE 56
(DO-4)

The type numbers shown have a standard tolerance of +20% on the nominal
zener voltage. Add suffix A" for +10% units or "B" for +5% units. (2% and 1%

tolerance also available.)

MAX

IMUM RATINGS

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

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

ELECTRICAL CHARACTERISTICS

(Tc = 25°C unless otherwise noted)

Ve = 1.5 V max

@ Ifr = 2 amp on all types.

Available with

Nominal Test Max Zener Impedance Max DC Zener Max. Reverse Current *
Type No. | ZenerVoitage | Current Current
Vi@ Iy Izr Iy @ Iy | Ik @ N [P Iz MA 1, Max Vi |
Volts mA Ohms Ohms mA (uA)

1N2970 6.8 370 1.2 500 1.0 1,320 150 5.2 4.9
IN2971 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 9.1 215 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
IN2976 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
IN2978 14 180 3 250 1.0 600 5 10.6 10.1
1N2979 15 170 3 250 1.0 560 5 11.4 10.8
1N2980 16 155 4 250 1.0 530 5 12.2 1.5
1N2982 18 140 4 250 1.0 460 5 13.7 13.0
1N2983 19 130 4 250 1.0 440 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 21.6
1N2990 33 75 9 300 1.0 260 5 25.1 23.8
1N2991 36 70 10 300 1.0 230 5 27.4 25.9
*VR — Test Voltage for 5% Tolerance Device. VRg — Tést Voltage for 10% Tolerance

Device. No Leakage Specified as 20% Tolerance Device.

(A) NOMINAL ZENER VOLTAGES BETWEEN THE 10 51 S B 1
VOLTAGES SHOWN AND TIGHTER VOLTAGE T T
TOLERANCES: Dev{icg 51 Volt.s Zener Overall

To designate units with zener voltages other than  Description | (each device) Diodes Tolerance
those assigned JEDEC numbers and /or tight voltage Motorola 2{153'
tolerances (+3%, +2%, +1%), the Motorola type Tolerance +1%)
number should be used. per device (+5%) -Code*

10 M 90 z 3 *Code: . (9m|t for +20% units) (A-Not used)
B — Two devices in series

T T

Device Motorola Nominal Zener Tolerance C

Description Voltage Diode (%) D
E le: M90Z

xample: 10M90Z3 ©

(B) MATCHED SETS: (Standard Tolerances are +5.0%,

12.0%, £1.0%).
Zener diodes can be obtained in sets consisting
of two or more matched devices. The method for

— Three devices in series
— Four devices in series

Example: 10MS515B1

ZENER CLIPPERS: (Standard Tolerance +10% and
+5%).

Special clipper diodes with opposing Zener
junctions built into the device are available by using
the following nomenclature:

specifying such matched sets is similar to the one 10 M 20, Z 10
described in (A) for specifying units with a special T T T
voltage and/or tolerance except that two extra Deyijce Nominal Zener
suffixes are added to the code number described.  Description | Voltage Diodes
These units are marked with code letters to Motorola Clipper

identify the matched sets and, in addition, each unit
in a set is marked with the same serial number,
which is different for each set being ordered.

Example: 10M20ZZ10

1-43

Tolerance for each of
the two Zener voltages
(not a matching require-
ment)




1N2970 thru 1N3015 (continued)

ELECTRICAL CHARACTERISTICS
VF =15V max @ lr = 2 amp on all types.

(Tc =259C unless otherwise noted)

Nominal Test Max Zener Impedance Max DC Zener Max. Reverse Current *
Type No. | Zener Voltage | Current Current
V; @ Iy l2¢ Ly @ 1y | T @ I Izx Iz MA Iz Max Vu Vu:
Voits mA Ohms Ohms mA (uA)

1N2992 39 65 11 300 1.0 210 5 29.7 28.1
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 4.1 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 2.0
1N3006 105 25 45 1,000 1.0 5 5 79.8 75.6
IN3007 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
1N3011 150 1 175 1,500 1.0 54 5 114.0 108.0
1N3012 160 16 200 1,600 1.0 50 5 121.6 115.2
1N3014 180 14 260 1,850 1.0 45 5 136.8 129.6
IN3015 200 12 300 2,000 1.0 40 5 152.0 144.0

SPECIAL SELECTIONS AVAILABLE INCLUDE:

*VR1 — Test Voltage for 5% Tolerance Device. VR2

Device.

(See Selector Guide for details)

— Test Voltage for 10% Tolerance

No Leakage Specified as 20% Tolerance Device.

13016 thro 183051

For Specifications, See IN3821 Data.




1 N3 l 54, A (SILICON)

thru

n3157, A

Temperature-compensated zener reference diodes util-
izing an oxide-passivated junction for long-term voltage
stability. RamRod construction provides a rugged, glass-
enclosed, hermetically sealed structure.

CASE 51
(DO-7)
MAXIMUM RATINGS
Junction Temperature: -55 to +175°C
Storage Temperature: -65 to +175°C
DC Power Dissipation: 500 mW @ Tp = 25°C
MECHANICAL CHARACTERISTICS
CASE: Hermetically sealed, all-glass
DIMENSIONS: See outline drawing.
FINISH: All external surfaces are corrosion resistant and leads are readily sold-
erable and weldable.
POLARITY: Cathode indicated by polarity band.
WEIGHT: 0.2 Gram(approx)
MOUNTING POSITION: Any
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)
Maximum . Maximum
Voltage An‘l]':;int Temperature Dyn;:jmic
Change A Impedance
JEDEC Temperature Coefficient
Type No. AVZ (Volts) oé: w/ec ZZT (Ohms)
(Note 1) (Note 2) +19C (Note 2) (Note 3)
VZ =8.4V £5.0%* @ IZT =10 mA
1N3154 0.130 0.01
1N3155 0. 065 -85, 0, +25, +75, +100 0.005 1s
1N3156 0.026 0. 002
1N3157 0.013 0. 001
1N3154A 0.172 0.01
1N3155A 0.086 -55, 0, +25, +15, 0.005 15
IN3156A 0. 034 +100, +150 0. 002
IN3157A 0.017 0. 001

*Tighter-tolerance units available on special request.

CAPACITANCE (C) = 20 to 180 pF @ 90

o of Vg,

FORWARD BREAKDOWN VOLTAGE (Vf) =100 to 800 V




1N3154, A thru TIN3157, A (continued)

AVz, MAXIMUM VOLTAGE CHANGE (mV)
(Referenced to-550C)

MAXIMUM VOLTAGE CHANGE versus AMBIENT TEMPERATURE

(with 17 = 10 mA 10.01 mA) (See Note 4)

1N3154 thru TN3157

FIGURE 1a FIGURE 1b
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TN3154, A thru TIN3157, A (continued)

17, ZENER CURRENT (mA)

MAXIMUM NOISE (uV rms)

FIGURE 3 — ZENER CURRENT versus MAXIMUM
VOLTAGE CHANGE (at specified temperatures)

FIGURE 4 — MAXIMUM ZENER IMPEDANCE
versus ZENER CURRENT

(See Note 5) (See Note 3)
MORE THAN 95% OF THE UNITS ARE IN THE RANGES INDICATED BY THE CURVES MORE THAN 95% OF THE UNITS ARE IN THE RANGES INDICATED BY THE CURVES
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NOTE 1: Curves showing the variation of zener impedance with zener current

Types 1N3154 thru 1N3157 are available to MiL-S-19500/158

NOTE 2:

Voltage Variation (aV2) and Temperature Coefficient.

All reference diodes are characterized by the ““box method”. This
guarantees a maximum voltage variation (aVz) over the specified
temperature range, at the specified test current (IzT), verified by
tests at indicated temperature points within the range. This method
of indicating voltage stability is now used for JEDEC registration as
well as for military qualification. The former method of indicating
voltage stability — by means of temperature coefficient — accurately
reflects the voltage deviation at the temperature extremes, but is not
necessarily accurate within the temperature range because reference
diodes have a nonlinear temperature relationship. The temperature
coefficient, therefore, is given only as a reference.

NOTE 3:

Zener Impedance Derivations

The dynamic zener impedance, ZzT, is derived from the 60-Hz ac
voltage drop which results when an ac current with an rms value
equal to 10% of the dc zener current, Iz, is superimposed on Iz T.
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for each series are given in Figure 4. A cathode-ray tube curve-trace
test on a sample basis is used to ensure that each zener characteristic
has a sharp and stable knee region.

NOTE 4:

These graphs can be used to determine the maximum voltage change
of any device in the series over any specific temperature range. For
example, a temperature change from 0 to +50°C will cause a voit-
age change no greater than +42 mV or -42 mV for 1N3154, as
illustrated by the dashed lines in Figure 1. The boundaries given are
maximum values. For greater resolution,. expanded views of the
shaded areas in Figures 1a and 2a are shown in Figures 1b and 2b
respectively.

NOTE 5:

The maximum voltage change, aVz, in Figure 3 is due entirely to
the impedance of the device. If both temperature and | zT are varied,
then the total voltage change may be obtained by adding aVz in
Figure 3 to the aVz in Figure 1 or 2 for the device under considera-
tion. If the device is to be operated at some stable current other
than the specified test current, a new set of characteristics may be
plotted by superimposing the data in Figure 3 on Figure 1 or 2.



IN3189 thrv 1n3191

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

1 N3208thru 1 N32 l 2

CASE 42
(DO-5)

MAXIMUM RATINGS

(SILICON)

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.

: 1N3208 | 1N3209 | 1N3210 | 1N3211 | 1N3212 :
Rating Symbol | 1N3208R| IN3209R | 1N3210R | IN3211R [1N3212R] Unit
D C Blocking Voltage Ve 50 100 200 300 400 | Vvolts
RMS Reverse Voltage Vr 35 70 140 210 280 Volts
Average Half-Wave Rectified
Forward Current With Re- lo‘ 15 15 15 15 15 Amp
sistive Load
Peak One Cycle Surge Current | I
(60 cps & 25°C Case Temp) | TMurge) | 550 250 250 250 250 | Amp
Operating Junction Tempera- T -65 to + 175 °c
ture J
Storage Temperature T stg -65 to + 175 °C

= °
*TC 150°C

ELECTRICAL CHARACTERISTICS (All Types) at 25°C Case Temp.

Characteristic Symbol Value Unit
Maximum Forward Voltage at 40 Amp D-C Forward VF 1.5 Volts
Current :
Maximum Reverse Current at Rated D-C Reverse IR 1.0 mAdc
Voltage
Typical Thermal Resistance, Junction To Case %6 1.7 Cc/w
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1n3213, 183214

For Specifications, See 1N248B Data.

1N3282:hru 1N3286 (siLICON)

CATHODE

CASE 51
(DO-7)

MAXIMUM RATINGS

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-
ronimental extremes.

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

Rating Symbol [1N3282| 1N3283 | 1N3284 | 1N3285 | 1N3286 Unit
Peak Repetitive Reverse v 1000 1500 2000 2500 3000 Volts
Voltage RM(rep)
DC Blocking Voltage VR
RMS Reverse Voltage Vr 700 1050 1400 1750 2100 Volts
Average Half-Wave Rectified
Forward Current
(25°C Ambient) 1 100 100 100 100 100 mA
(100°C Ambient) o 50 50 50 50 50 mA
Peak Surge Current I 2.5 2.5 2.5 2.5 2.5 Amp
(1/2-cycle, 60 Hz) FM(surge)
Peak Repetitive Forward I 0. 50 0. 50 0.50 C. 50 0. 50 Amp
Current FM(rep)
Operating and Storage T_p T t -65 to + 150 °C
Temperature Range slg

ELECTRICAL CHARACTERISTICS

Characteristic Symbol Value Unit

Continuous DC (25°C)

Maximum Forward Voltage Drop @ 100 mA, \'

2.5 Voits

Maximum Full-Cycle Average Forward Voltage VF (AV) 1.2 Volts
Drop @ Rated Current (100°C)

Maximum Reverse Current @ Rated DC Voltage

25°C) L 1.0 uA
(100°C) 10.0

Maximum Full-Cycle Average Reverse Current
@ Max Rated PIV and Current (as Half-Wave IR @Av) 10.0 uA
Rectifier, Resistive Load, 100°C)

Typical Thermal Resistance, Junction to Ambient 63a 400 °C/W




1N3282 thru IN3286 (continued)
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1N3305 thro 183350

For Specifications, see 1N2804 Data.
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1N3491 thrv 1N3495 (siLicon)

(MR322 thru MR328)
MR330, MR331

Medium-current silicon rectifiers — compact, highly
efficient silicon rectifiers for medium-current appli-
cations.

CASE 43
(DO-21)

MAXIMUM RATINGS

~N NPTVl N | K] Q| 5
oNoNSANIoNSN] o [ [ (] .
Rating Symbol §2 S S §2 §§'=’ 2| 2| 2|2 Unit
ZSIZSZ=ZSZES = = =2 | =
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 Voltage
(halfwave, single phase, VRM(non-rep) 100 | 200 | 300{ 400 | 500 | 600 | 720 | 1000 | 1200 Volts
60 cycle peak)

RMS Reverse Voltage Ve 35| 70 | 140| 210 280 | 350 | 420 | 560| 700 Volts

Average Rectified Forward Current
(single phase, resistive load, ) 25 Amp
60 Hz , see Figure 3) Tc = 130°C

Non-Repetitive Peak Surge Current
(surge applied at rated load IFM(surge) 300 (for 1/2 cycle) Amp
conditions, see Figure 5)

12t Rating (non-repetitive, for t

greater than 1 ms and less 2t 375 A(rms)2 8¢
than 8.3 ms)
Operaing o Sorsge i o
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case 93¢ 1.2 1OC/Watt '

MECHANICAL CHARACTERISTICS

CASE: Welded, hermetically sealed construction.

FINISH: All external surfaces corrosion-resistant and the terminal lead is readily
solderable.
POLARITY: CATHODE TO CASE (reverse polarity units are available upon request and
are designated by an “R” suffix i.e. MR327R or 1N3491R).

MOUNTING POSITIONS: Any.
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1N3491 thru 1N3495 (continued)

ELECTRICAL CHARACTERISTICS

Characteristic and Conditions Symbol Max | Unit
Full Cycle Average Forward Voltage Drop
(rated Ig and V., single phase, 60 Hz, Tg = 150°C) VF(Av) 0.6 Volts
Instantaneous Forward Voltage Drop Vg Volts
(ip =100 Amps, Ty = 25°C) 1.5
Full Cycle Average Reverse Current IR( AV) ‘ mA
(rated I, and Vy,, single phase, 60 Hz, Tc = 150°C)
1N3491/ MR 322 10
1N3492/MR323 10
1N3493/ MR324 8.0
1N3494/MR325 6.0
1N3495/ MR 326 4.0
MR327 3.0
MR328 2.5
MR330 2.0
MR331 1.5
DC Reverse Current I mA
(Rated Vg, T¢ = 25°C) 1.0

if, INSTANTANEOUS FORWARD CURRENT (AMP)

FIGURE 1 — MAXIMUM FORWARD VOLTAGE DROP
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1-52

Pe(av) AVERAGE FORWARD POWER DISSIPATION (WATTS)
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FIGURE 2 — MAXIMUM FORWARD POWER DISSIPATION
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1N3491 thru TN3495 (continued)

FIGURE 3 — MAXIMUM CURRENT RATINGS
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FIGURE 4 — MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE
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TN3491 thru 1N3495 (continued)

TYPICAL DYNAMIC CHARACTERISTICS

FIGURE 6 — RECTIFICATION EFFICIENCY ' FIGURE 7 — REVERSE RECOVERY TIME
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RESSTAGE O /ﬁ |l oo MOUNTING PROCEDURES
T0 SINK. fcs = 0.2°C/W *
o1
SWULDERRING T sor g Now MR322-MR331 and 1N3491-1N3495 rectifiers are designed to be press-fitted in a heat sink in
order to attain full device ratings. Recommended procedures for this type of mounting are as follows:
/// " '//W//, 1. Drill a hole in the heat sink 0.499 = 001 inch in diameter.
+.0.001 DIA 2. Break the hole edge as shown to prevent shearing off the knurled edge of the rectifier when it is
“ pressed into the hole.
m‘ SINK MOUNTING 3. The depth and width of the break should be 0.010 inch maximum to retain maximum heat sink
surface contact.
ADDITIONAL . 4. To prevent damage to the rectifier during press-in, the pressing force should be applied only on
RIvEr HEAT SINK PLATE the shoulder ring of the rectifier case as shown in the figure.
S. The pressing force should be applied evenly about the shoulder ring to avoid tilting or canting
7 "/// _____________________ of the rectifier case in the hole during the press-in operation. Also, the use of a light industrial
INTIMATE COMPLETE KNURL . THIN will be of aid,
CONTACT AREA CONTACT AREA CHASSIS

THIN-CHASSIS MOUNTING

1-54



1n3580, A, B+ 1n3583, A, B

For Specifications, See 1N2163 Data.

1n36491n3650

Obsolete, discontinued types, replace with devices from the MR1120 series.

IN3659:hru 1 N3663 (SILICON)

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,

CASE 43
(DO-21)

MAXIMUM RATINGS (Tc = 25°C unless otherwise noted)

. IN3659 | 1IN3660 | 1N3661 | 1N3662 | 1N3663 .
Rating Symbol | 1yag5aR | 1N3GGOR | INGGGIR | IN3662R | IN3ge3R |  Units
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 Amp
@ 150°C case 25 Amp
Peak One Cycle Surge Current I 400 Amp
(150°C case temp, 60 Hz) FM(surge)
Operating Junction Temperature TJ —65 to +175 °C
Storage Temperature TSt g —65 to +200 °C

ELECTRICAL CHARACTERISTICS

: INGG59 | IN3660 | IN3G6T | IN3GoZ | 1N36H3 -
Characteristic Symbol | yysgson | 1N360R | 1N3GeIR | INaeeR | ies [ Unit

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 v
Forward Voltage Drop @ Rated F(AV) 0.7 0.7 0.1 0.7 0.7 Volts
PIV and Current .

Maximum Full Cycle Average
Reverse Current @ Rated PIV and

Current (as half-wave rectifier, IR(AV) 5.0 4.5 4.0 3.5 8.0 mA
resistive load, 150°C) )
Thermal Resistance 6JC 1.0 °c/w
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1N3659 thru 1N3663 (continued)
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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 0.010 inch maximum to retain maximum heat sink 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.

.01 NOM
TYPICAL THERMAL .
RESISTANCE, CASE l
TO SINK, fics = 0.2°C/W T—

.01 NOM

.01 ‘4

505
DIA

'
: 707 ek s A

—>1 r<- 0.499 = 0.001 DIA

HEAT SINK MOUNTING

ADDITIONAL
HEAT SINK PLATE

Y,

| et IS I T T s nrands Tatatinni ittt

INTIMATE

COMPLETE
CONTACT AREA KNURL CONTACT
AREA

THIN CHASSIS

THIN-CHASSIS MOUNTING
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1N3675 thru 1N3703 (siLICON)

CATHODE ~

CASE 59 Recommended for applications requiring an exact replacement only.
(DO-41) For new designs and industry preferred replacement devices, see
1N4728 series.
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1N3785 thru 1n3820

CASE 55 Low silhouette single-ended package for printed cir-
cuit or socket mounting. Cathode connected to case.

MAXIMUM RATINGS
Junction and Storage Temperature: -65°C to +175°C.
D C Power Dissipation: 1.5 Watts at 25°C Ambient, (Derate 10 mW/°C).

The type numbers shown have a standard tolerance of +20% on the zener volt-
age. Standard tolerances of +10% and +5% on individual units are also available
and are indicated by suffixing ""A" for +10% and ""B'" for +5% units to the standard
type number.

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)
Ve =1.5V max @ 300 mA

Max Zener Impedance Typical
Reverse Leakage Current* Zener
Nominal Test Voitage
Zener Voltage @1, Current Max DC Zener Temp. Coeff.
Type No. (V) Volts (Iz) 1n@lg| n@lu| lu Current 1n Max %/°C
mA ohms ohms mA (1) MA (1A) Vu Vi
1N3785 6.8 55 2.1 700 1.0 195 150 5.2 4.9 . 040
1N3786 7.5 50 3.0 700 0.5 175 75 5.7 5.4 . 045
1N3787 8.2 46 3.5 700 0.5 155 50 6.2 5.9 .048
1N3788 9.1 41 4.0 700 0.5 140 25 6.9 6.6 .051
1N3789 10 37 5 700 ]0.25 125 10 7.6 7.2 . 055
1N3790 11 34 6 700 0.25 115 5 8.4 8.0 . 060
1N3791 12 31 7 700 [ 0.25 105 5 9.1 8.6 . 065
1N3792 13 29 8 700 0.25 98 5 9.9 9.4 . 065
1N3793 15 25 10 700 }10.25 85 5 11.4 10.8 .070
1N3794 16 23 11 700 10.25 80 5 12.2 11.5 .070
1N3795 18 21 13 750 ]0.25 70 5 13.7 13.0 .075
1N31796 20 19 15 750 10.25 62 5 15.2 14.4 .075
1N3797 22 17 16 750 | 0.25 56 5 16.7 15.8 . 080
1N3798 24 16 17 750 | 0.25 51 5 18.2 17.3 .080
1N3799 27 14 20 750 _10.25 46 5 20.6 19.4 .085
1N3800 30 12 25 1,000 |0.25 41 5 22.8 21.6 . 085
1N3801 33 11 30 1,000 |0.25 38 5 25.1 23.8 . 085
1N3802 36 10 35 1,000 |0.25 35 5 27.4 25.9 . 085
1N3803 39 10 40 1,000 |0.25 31 5 29.7 28.1 .090
1N3804 43 9.0 45 1,500 |0.25 28 5 32.7 31.0 ., 090
1N3805 47 8.0 55 1,500 |0.25 26 5 35.8 33.8 . 090
1N3806 51 7.4 65 2,000 |0.25 24 5 38.8 | 36.6 . 090
1N3807 56 6.7 75 2,000 |0.25 22 5 42.6 | 40.3 . 090
1N3808 62 6.0 85 2,000 |0.25 20 5 417.1 44.6 . 090
1N3809 68 5.5 95 2,000 ]0.25 18 5 51.7 ] 49.0 .090
1N3810 75 5.0 110 2,000 |0.25 16 5 56.0 | 54.0 . 090
IN3811 82 4.5 130 3,000 {0.25 14 5 62.0 59.0 . 090
1N3812 91 4.1 150 3,000 {0.25 13 5 69.2 | 65.5 . 090
1N3813 100 3.7 200 3,000 |0.25 12.0 5 76.0 72.0 . 090
1N3814 110 3.4 300 4,000 |0.25 11.0 5 83.6 79.2 . 095
1N3815 120 3.1 350 4,500 |0.25 10.5 5 91.2 | 86.4 . 095
1N3816 130 2.9 400 5,000 |0.25 9.0 5 98.8 | 93.6 .095
1N3817 150 2.5 700 6,000 |0.25 8.0 5 114.0 | 108.0 . 095
1N3818 160 2.3 750 6,500 |0.25 8.0 5 121.8 | 115.0 .095
1N3819 180 2.1 800 7,000 |0.25 7.0 5 137.0 | 130.0 .095
1N3820 200 1.9 1,000 | 8,000 [0.25 6.0 5 152.0 | 144.0 . 100

SPECIAL SELECTIONS AVAILABLE INCLUDE: (See Selector Guide for details)
1 — Nominal zener voltages between those shown.
2 — Matched sets: (Standard Tolerances are +5.0%, *=3.0%, =2.0%, =1.0%) depending on voltage per device.
a. Two or more units for series connection with specified tolerance on total voltage. Series matched sets make possible higher
zener voltages and provide lower temperature coefficients, lower dynamic impedance and greater power handling ability.
b. Two or more units matched to one another with any specified tolerance.
3 — Tight voltage tolerances: 1.0%, 2.0%, 3.0%.

*VR1 — Test Voltage for 5% Tolerance Device. VRg — Test Voltage for 10% Tolerance
Device. No Leakage Specified as 20% Tolerance Device.



1 N382| thru 1 N3830 (SILICON)

SERIES
(1M3.3AZ10 thru 1M7.5AZ10)

1 N30| 6 thru 1 N305 I

SERIES
(1M6.8Z thru 1M200Z)

Data Sheet

1.0 WATT METAL SILICON ZENER DIODES

. a complete series of 1.0 Watt Zener Diodes with limits and
operating characteristics that reflect the superior capabilities of
silicon-oxide-passivated junctions. All this in an axial-lead, metal
package offering protection in all common environmental conditions.

® To 100 Watts Surge Rating @ 10 ms
® Maximum Limits Guaranteed on Five Electrical Parameters
® Power Capability to MIL-S-19500 Specifications

Designer’s Data for "Worst Case’’ Conditions

The Designers Data sheets permit the design of most circuits entirely from the in-
formation presented. Limit curves — representing boundaries on device characteris-
tics — are given to facilitate “‘worst case’’ design.

1.0 WATT
ZENER REGULATOR DIODES

3.3-200 VOLTS

*MAXIMUM RATINGS

Rating Symbol Value Unit
DC Power Dissipation @ Tp = 25°C Pp 1.0 Watt
Derate above 25°C (See Figure 1) 6.67 mw/°C
Operating and Storage Junction T3.Tseg -65 to +175 °c
Temperature Range

Lead Temperature 230°C at a distance not less than 1/16"' from the case for 10 seconds.

MECHANICAL CHARACTERISTICS
CASE: Welded, hermetically sealed metal and glass.

DIMENSIONS: See outline drawing.

FINISH: All external surfaces are corrosion-resistant and leads are readily solderable
and weldable.
POLARITY: Cathode connected to the case. When operated in zener mode, cathode will
be positive with respect to anode.
WEIGHT: 1.4 Grams (approx)

MOUNTING POSITION: Any

FIGURE 1 — POWER-TEMPERATURE DERATING CURVE
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All JEDEC dimensions and notes apply

CASE 52
DO-13

*Indicates JEDEC Registered Data.
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ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted)

VE = 1.5V max @ Ig = 200 mA for all types

1N3821 thru 1N3830, 1N3016 thru TN3051 (continued)

*Nominal *Max Zener Impedance Max Reverse Current

JEDEC Zener Voltage | *Test (Note 8) (Note 5) *Max DC Zener
Type No. vzelizr Current Current

(Flangeless) Volts Izt Z27@IzT |22k @12K Iz IR Max VR1 VR2 i1zm mA

(Note 1 & 2) (Note 3) mA Ohms Ohms mA (uA) 5% 10% (Note 6)
1N3821 3.3 76 10 400 1.0 *100 *1.0 1.0 276
1N3822 3.6 69 10 400 1.0 *100 *1.0 1.0 252
1N3823 3.9 64 9.0 400 1.0 *50 *1.0 1.0 238
1N3824 4.3 58 9.0 400 1.0 *10 *1.0 1.0 213
1N3825 4.7 53 8.0 500 1.0 *10 *1.0 1.0 194
1N3826 5.1 49 7.0 550 1.0 *10 *1.0 1.0 178
1N3827 5.6 45 5.0 600 1.0 *10 *2.0 2.0 162
1N3828 6.2 a1 2.0 700 1.0 *10 3.0 3.0 146
1N3829 6.8" 37 1.5 500 1.0 *10 *3.0 3.0 133
1N3830 7.5 34 1.5 250 1.0 *10 *3.0 3.0 121
1N3016 6.8 37 35 700 1.0 10 5.2 a9 140
1N3017 7.5 34 4.0 700 0.5 10 5.7 5.4 125
1N3018 8.2 31 45 700 0.5 10 6.2 5.9 115
1N3019 9.1 28 5.0 700 0.5 7.5 6.9 6.6 105
1N3020 10 25 7.0 700 0.25 5.0 7.6 7.2 95
1N3021 1 23 8.0 700 0.25 5.0 8.4 8.0 85
1N3022 12 21 9.0 700 0.26 2.0 9.1 8.6 80
1N3023 13 19 10 700 0.25 1.0 9.9 9.4 74
1N3024 15 17 14 700 0.25 1.0 1.4 10.8 63
1N3025 16 15.5 16 700 0.25 1.0 12.2 1.5 60
1N3026 18 14 20 750 0.25 0.5 13.7 13.0 52
1N3027 20 125 22 750 0.25 .5 15.2 14.4 a7
1N3028 22 1.5 23 750 0.25 0.5 16.7 15.8 43
1N3029 24 10.5 25 750 0.25 0.5 18.2 17.3 40
1N3030 27 9.5 35 750 0.25 0.5 20.6 19.4 34
1N3031 30 8.5 40 1000 0.25 0.5 228 21.6 31
1N3032 33 7.5 45 1000 0.25 0.5 25.1 238 28
1N3033 36 7.0 50 1000 0.25 0.5 27.4 25.9 26
1N3034 39 6.5 60 1000 0.25 0.5 29.7 28.1 23
1N3035 43 6.0 70 1500 0.25 0.5 32.7 31.0 2
1N3036 47 5.5 80 1500 0.25 0.5 35.8 33.8 19
1N3037 51 5.0 95 1500 0.25 0.5 38.8 36.7 18
1N3038 56 4.5 110 2000 0.25 0.5 42.6 40.3 17
1N3039 62 4.0 125 2000 0.25 0.5 47.1 44.6 15
1N3040 68 3.7 150 2000 0.25 0.5 51.7 49.0 14
1N3041 7% 3.3 175 2000 0.25 0.5 56.0 54.0 12
1N3042 82 3.0 200 3000 0.25 0.5 62.2 59.0 1
1N3043 91 2.8 250 3000 0.25 0.5 69.2 65.5 10
1N3044 100 25 350 3000 0.25 0.5 76.0 72.0 9.0
1N3045 110 23 450 4000 0.25 0.5 83.6 79.2 8.3
1N3046 120 2.0 550 4500 0.25 0.5 91.2 86.4 8.0
1N3047 130 1.9 700 5000 0.25 0.5 98.8 93.6 6.9
1N3048 150 1.7 1000 6000 0.25 0.5 114.0 108.0 5.7
1N3049 160 1.6 1100 6500 0.25 05 121.6 115.2 5.4
1N3050 180 1.4 1200 7000 0.25 0.5 136.8 129.6 4.9
1N3051 200 1.2 1500 8000 0.256 0.5 152.0 144.0 4.6

* JEDEC Registered Data on 1N3821 thru 1N3830 and 1N3016 thru 1N3051
NOTE 1 — TOLERANCE AND TYPE NUMBER DESIGNATION
(B) MATCHED SETS: (Standard Tolerances are +5.0%, +2.0%,

1N3821 thru 1IN3830 — The JEDEC type numbers shown have a
standard tolerance for the nominal zener voltage of +10%. A
standard tolerance of +5% for individual units is also available and
is indicated by adding suffix “A’’ to the standard type number.

1N3016 thru 1N3051 — The JEDEC type numbers shown have a
standard tolerance of +20% for the nominal zener voltage. Suffix
“A" for £10% units or "'B"’ for £5% units.

NOTE 2 — SPECIALS AVAILABLE INCLUDE:
(A) NOMINAL ZENER VOLTAGES BETWEEN THE VOLT-

+1.0%).

Zener diodes are available in sets consisting of two or more
matched devices. The method for specifying matched sets
is similar to the one described in (A) except that two addi-
tional suffixes are added to the code number described.
These devices are marked with code letters to identify the
matched sets and, in addition, each unit in a set is marked
with the same serial number, which is different for each
set ordered.

AGES SHOWN AND TIGHTER VOLTAGE TOLER- 1 1 A 5 B 1

ANCES: To designate units with zener voltages other than T 1 VI | T T T

those assigned JEDEC numbers and/or tight voltage toler- Device (easch d:vti::e) "‘:3?21 ?vrvall

ances (+3%, 2%, +1%), the Motorola type number should Description 1N38u30 Tolerance 0:’;?&::%)

be use1d‘ o1 A , s Motorola only ts%:r(gsnvi'f?or

il —1— -T- T T +20% units)
Device :|- Nominal 1N3821 Zener Tolerance Code
Description Motorola Voltage thru  Diode (£%) A — Not used

N3830 EXAMPLE 1M512581 B — Two devices in series
only C — Three devices in series

EXAMPLE 1M5.1AZ3
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1N3821 thru 1N3830, TN3016 thru TN3051(continued)

(C) ZENER CLIPPERS: (Standard Tolerance+10% and +5%).

Special clipper diodes with opposing Zener junctions built
into the device are available by using the following nomen-

clature:
A ﬁ_ _T_ 10
Zener Clipper
Diodes

M 7.5
Motorola —lr
1N3821 Tolerance for each of

Device Nominal  thru the two Zener voltages
Description Voltage 1N3830 (not a matching require-
only ment)
Example: 1M7.5AZ2Z10

NOTE 3 — ZENER VOLTAGE (VZz) MEASUREMENT

Motorola guarantees the zener voltage when measured at 90
seconds while maintaining the lead temperature (T_) at 30°C + 1°C,
3/8"" from the diode body.

NOTE 4 — ZENER IMPEDANCE (Zz) DERIVATION
The zener impedance is derived from the 60 cycle ac voltage,

which results when an ac current having an rms value equal to 10%
of the dc zener current (I 2T or I zK) is superimposed on I zT or I zK.

NOTE 56 — REVERSE LEAKAGE CURRENT IR
Reverse leakage currents are guaranteed only for 5% and 10%

zener diodes and are measured at VR as shown in the Electrical
Characteristics Table.

NOTE 6 — MAXIMUM ZENER CURRENT RATINGS (Izp)

1N3821 thru 1N3830 — Maximum zener current ratings are based
on maximum voltage of 10% tolerance units.

1N3016 thru 1IN3051 — Maximum zener current ratings are based
on maximum voltage of 5% tolerance units.

NOTE 7 — SURGE CURRENT (i)

Surge current is specified as the maximum allowable peak, non-
recurrent square-wave current with a specified pulse width, PW.
The data presented in Figures 8 and 9 may be used to find the
maximum surge current for a square wave of any pulse width
between 0.01 ms and 1000 ms.

APPLICATION NOTE

Since the actual voltage available from a given zener diode is
temperature dependent, it is necessary to determine junction tem-
perature under any set of operating conditions in order to calculate
its value. The following procedure is recommended:

Lead Temperature, T, should be determined from:
TL=0_LaPD*+Ta

6 A is the lead-to-ambient thermal resistance (°C/W) and
Pp is the power dissipation. The value for 6 _a will vary
and depends on the device mounting method. eLA is gen-
erally 30-40°C/W for the various clips and tie points in
common use and for printed circuit board wiring.

The temperature of the lead can also be measured using a thermo-
couple placed on the lead as close as possible to the tie point. The
thermal mass connected to the tie point is normally large enough
so that it will not significantly respond to heat surges generated in
the diode as a result of pulsed operation once steady-state condi-
tions are achieved. Using the measured value of TL. the junction
temperature may be determined by:

Ty=TL+ATyL

AT is the increase in junction temperature above the lead
temperature and may be found from Figure 6 for a train of
power pulses (L = 3/8 inch) or from Figure 7 for dc power.

ATy =04 Pp

For worst-case design, using expected limits of Iz, limits of Py
and the extremes of T j(ATj) may be estimated. Changes in voltage,
Vz, can then be found from:

AV = 0yz AT,

8\/ 2. the zener voltage temperature coefficient, is found from
Figures 2 and 3.

Under high power-pulse operation, the zener voltage will vary
with time and may also be affected significantly by the zener resist-
ance. For best regulation, keep current excursions as low as possible.

Data of Figure 6 should not be used to compute surge capability.
Surge limitations are given in Figure 8. They are lower than would
be expected by considering only junction temperature, as current
crowding effects cause temperatures to be extremely high in smali
spots resulting in device degradation should the limits of Figure 8
be exceeded.
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1N3821 thru 1N3830, 1N3016 thru TN3051(continued)

TEMPERATURE COEFFICIENTS AND VOLTAGE REGULATION
(90% OF THE UNITS ARE IN THE RANGES INDICATED)

FIGURE 2 — TEMPERATURE COEFFICIENT-RANGE FIGURE 3 — TEMPERATURE COEFFICIENT-RANGE
FOR UNITS TO 12VOLTS FOR UNITS 10 TO 220 VOLTS
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FIGURE 4 — TYPICAL VOLTAGE REGULATION

7.0
5.0

+—t—t+++H

o +—+++H

3.0 127=0.11z2M 10 0.5 Izm

20

1.0
07

N
03 N pd
02

\Vz, CHANGE OF ZENER VOLTAGE (VOLTS)

0.1

20 30 5.0 10 20 30 50 100 200

Vz, ZENER VOLTAGE AT IzT (VOLTS)

FIGURE 5 — MAXIMUM REVERSE LEAKAGE
(95% OF THE UNITS ARE BELOW THE VALUES SHOWN)
100

¥ (DOES NOT INCLUDE 1N3828, 1N3829, AND 1N3B30)
50 Y
o
. 3 T
es W Ta = 1259C
SEa 1 H
igg w0 8 X
vl A X
@
2 L2 50 A Ay
= EB g \ A
e N v
=S N
w Qo
® W \
c L 10 =
Yo E= N Ta=250CS
2 EE o5 \ W 4
2egol \J ~ =
=2 03
0.1
3.0 5.0 10 30 50 100 150 200

NOMINAL Vz (VOLTS)

1-62



1N3821 thru 1N3830, TN3016 thru TN3051 (continued)

FIGURE 6 — TYPICAL THERMAL RESPONSE L, LEAD LENGTH = 3/8 INCH
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FIGURE 7 — TYPICAL THERMAL RESISTANCE
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FIGURE 8 — MAXIMUM NON-REPETITIVE SURGE CURRENT
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1N3821 thru 1N3830, 1N3016 thru 1N3051 (continued)

FIGURE 9 — SURGE-POWER FACTOR
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'IN3879 thru 'IN3883
MR1366

Designers Data Sheet

FAST RECOVERY
POWER RECTIFIERS
STUD MOUNTED 50-600 VOLTS

FAST RECOVERY POWER RECTIFIERS 6 AMPERES

.. . designed for special applications such as dc power supplies, inverters,
converters, ultrasonic systems, choppers, low RF interference, sonar power
supplies and free wheeling diodes. A complete line of fast recovery rectifiers

having typical recovery time of 100 nanoseconds providing high efficiency

at frequencies to 250 kHz.

Designer’s Data for ‘‘Worst Case’” Conditions
The Designers Data sheets permit the design of most circuits entirely from the
information presented. Limit curves — representing boundaries on device character-
istics — are given to facilitate “‘worst case’’ design.

Ve
0.424
0.437
*MAXIMUM RATINGS
Rating Symbol | 1N3879 [ 1n3880 | 1n3881 [ 1N3882 [1N3883 [MR1366] UNit 0420 o
Peak Repetitive Reverse Voltage VRRM Voits MAX _"—__-LD 250
Working Peak Reverse Voltage VAWM 50 100 | 200 300 | 400 | 600 - A
OC Blocking Voltage VR T @™
Non-Repetitive Peak Reverse Voltage Vasm 75 150 | 250 | 350 | 450 | 650 | Voits |
RMS Reverse Voltage VRiAms) | 35 70 140 710 280 | 420 | Voits t OMDISU
Average Rectified Forward Current lo Amps u.éou N
(Single phase, resistive load, 6.0 MAX
T¢ = 100°C)
Non-Repetitive Peak Surge Current TFsm Amps 1
(surge applied at rated load 150 0.060 0.405
continuous) (one cycle) MAX
Operating Junction Temperature Range| T, 265 to +150 o¢ 1
Storage Temperature Range Toto 6510 +175 TC t
/oo
THERMAL CHARACTERISTICS - / 0.17%
[ Characteristic T Symbol Max Onit ] gE:LIENG
[ Thermal Resistance, Junction to C:se—[ Reuc 30 1 SCIW |
Motorola guarantees the listed value, although parts having higher values of thermal resistance will meet the current rating.
Thermal resistance is not required by the JEDEC registration. 10-32UNF-2A
*ELECTRICAL CHARACTERISTICS “Dimension is a diameter
" - All JEDEC dimensions and notes apply
Characteristic Symbol Min Typ Max Unit
Instantaneous Forward Voltage e Voits
(I = 19 Amp, T = 150°C) - 1.2 15
Forward Voltage Ve Voirs CAgg 368
(I = 6.0 Amp, T = 25°C) - 1.0 . -
Reverse Current (rated dc voltage) T = 26°C [ - 10 15 HA
T¢ =100°C - 05 1.0 mA

REVERSE RECOVERY CHARACTERISTICS

Characteristic Symbol Min Tye Max Unit MECHANICAL CHARACTERISTICS
Reverse Recovery Time ter ns
*(lgM = 1.0 Amp to VR = 30 Vdc, Figure 16) - 100 200 CASE: Welded, hermetically sealed
(Igm = 36 Amp, di/dt = 25 Alus, Figure 17) 200 400
Reverse Recovery Current TRM(REC) Amp FINISH: All external surfaces corrosion
*(1g = 1.0 Amp to Vg = 30 Vdc, Figure 16) - - 20 resistant and readily solderable

POLARITY: Cathode to Case
WEIGHT: 5.6 Grams (approximately)

*Indicates JEDEC Registered Data for 1N3879 Series.
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TN3879 thru 1N3883, MR1366 (continued)

FIGURE 1 — FORWARD VOLTAGE . FIGURE 2 — MAXIMUM SURGE CAPABILITY
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30 Prior to surge, the rectitier | |
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To determine maximum junction temperature of the diode in a given situation,
the following procedure is recommended
1.0
" ; The temperature of the case should be measured using a thermocouple placed
1 1 on the case at the temperature reference point (see Note 3), The thermal mass
0.7 T 1T connected to the case is normally large enough so that it will not significantly
respond to heat surges generated in the diode as a result of pulsed operation once
05 1 , steady-state conditionsare achieved. Using the measured value of T¢, the junction
: ' , temperature may be determined by:
Ty=Tc+ -Tuc
0.3 where T is the increase in junction above the case
- 1t may be determined by
ATye =Ppk -Royc (D +(1-D) - rlty +tp) +rltg) — r(ty)]
02 where
04 0.8 1.2 1.6 20 24 2.8 3.2 r(t) = normalized value of transient thermal resistance at time, t, from Figure
3ie:
VF, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) r (13 + tp) = normalized value of transient thermal resistance at time ty ¢ tp,

FIGURE 3 — THERMAL RESPONSE
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TN3879 thru 1N3883, MR1366 (continued)

SINE WAVE INPUT SQUARE WAVE INPUT
FIGURE 4 — FORWARD POWER DISSIPATION FIGURE 5 — FORWARD POWER DISSIPATION
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1N3879 thru TN3883, MR1366 (continued)

TYPICAL DYNAMIC CHARACTERISTICS
FIGURE 10 — FORWARD RECOVERY TIME

FIGURE 11 — JUNCTION CAPACITANCE
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TN3879 thru TN3883, MR1366 (continued

)

FIGURE 16 — REVERSE RECOVERY CIRCUIT

AMA AMA- A — TEKTRONIX 5454, K PLUG IN
10k Rj 3002 PRE-AMP, P6000 PROBE OR EQUIVALENT
115 Vac
goHz 2W 30 50W
2%BW NON-INDUCTIVE R1 - ADJUSTED FOR 1.4 Q BETWEEN
UNIT POINT 2 OF RELAY AND RECTIFIER
UNDER TEST INDUCTANCE ~ 38 uH
R2 — TEN-1W, 10 £, 1% CARBON CORE
C.P. CLARE IN PARALLEL
HPG 1002 1 AMP +10
= 0
SLO-BLO R Ta=25_ 0 C FOR RECTIFIER
FUSE ‘:1 Q N MINIMIZE ALL LEAD LENGTHS
o——4 Siow
30 Vde C NON-INDUCTIVE | €1 $7—C 1.0 Adc FROM CONSTANT VOLTAGE SUPPLY
CONSTANT VOLTAGE A= 1.0uF 1.0 uF AR RIPPLE =3 mVrms MAX
SUPPLYO+ 300v 300 vV ‘:) Zout = 1% SEMAX, DC to 2 kHz
FIGURE 17 — JEDEC REVERSE RECOVERY CIRCUIT
o fyﬁf\
- L1
R1 = 50 Ohms - di/dt ADJUST
R2 = 250 Ohms
D1=1N4723 7
D2 = 1N4001
D3 - 1N4933 120 VAC 03 Bire
60 H =& '(PK) ADJUST wi( VW
SCR1=MCR729-10 z 1 - i
C1=051050 uF "
€2 ~ 4000 uF : +
L1=1.0-27uH €2 i’f
T1 = Variac Adjusts |(pK) and di/dt TSR 1
T2=11 R<025Q
T3 = 1:1 (to trigger circuit) o1 B<~~ SCR1 L <001 uH
1 oA el
1€ 1 W
0SCILLOSCOPE i ECUHRENT
VIEWING
RESISTOR
NOTE 2
Reverse recovery time is the period which elapses from the
time that the current, thru a previously forward biased rectifier |
diode, passes thru zero going negatively until the reverse current FM
recovers to a point which is less than 10% peak reverse current.
Reverse recovery time is a direct function of the forward -
current prior to the application of reverse voltage.
For any given rectifier, recovery time is very circuit depend-
ent. Typical and maximum recovery time of all Motorola fast IRM(REC)
recovery power rectifiersare rated under a fixed set of conditions

using Ig = 1.0 A, VR = 30 V. In order to cover all circuit
conditions, curves are given for typical recovered stored charge
versus commutation di/dt for various levels of forward current
and for junction temperatures of 25°C, 75°C, 100°C, and
150°C.

To use these curves, it is necessary to know the forward
current level just before commutation, the circuit commutation
di/dt, and the operating junction temperature. The reverse re-
covery test current waveform for all Motorola fast recovery
rectifiers is shown.

From stored charge curves versus di/dt, recovery time (tg)
and peak reverse recovery current (IRM(REC)) can be closely
approximated using the following formulas:

1/2
Q
. __R_]
[di/dt

IRM(REC) = 1.41 x [OR X di/dt]

trr = 1.41

1/2
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1N3879 thru 1N3883, MR1366 (continued)

NOTE 3

CASE TEMPERATURE
REFERENCE POINT

NYLON BUSHING
276 190 041

MICA WASHE RS x x
286 * 195 * 051

560 195 .002

570 * 200 * 003

FLAT WASHER
Steel, Electro-deposited zinc plate
510 225 050

QERD

INSULATING HARDWARE KIT
AVAILABLE UPON REQUEST

o .195 SOLDER TERMINAL
200 Copper, Electro-deposited tin
Ip 965 plate

095 885 425 .020

915 * ass * 023

LOCK WASHER

Steel, Electro -deposited zinc
plate,Internal tooth

.381 204 025

NUT

1018 Steel, Electro-deposited zinc
plate, 10-32NF-2-8

.362

q e Y

Nom. across flats

.375
x 1.8._2 Thick '4—19 across points
192 433

7/16 STUD (MH 745)

CASE TO HEAT SINK THERMAL RESISTANCE
UNDER VARIOUS CONDITIONS:

Metal-to-Metal Mica Insulation
Dry Lubrication Dry Lubrication
0.41 0.22 1.24 1.06

Torque: 15 in-lbs



1N3889 thru 1N3893
MR1376

STUD MOUNTED
FAST RECOVERY POWER RECTIFIERS

. . . designed for special applications such as dc power supplies, inverters,
converters, ultrasonic systems, choppers, low RF interference, sonar power
supplies and free wheelingdiodes. A complete line of fast recovery rectifiers
having typical recovery time of 100 nanoseconds providing high efficiency
at frequencies to 250 kHz.

FAST RECOVERY
POWER RECTIFIERS

50-600 VOLTS
12 AMPERES

Designer’s Data for ““Worst Case’” Conditions
The Designers Data sheets permit the design of most circuits entirely from the
information presented. Limit curves — representing boundaries on device character-
istics — are given to facilitate "‘worst case’’ design.

*MAXIMUM RATINGS

Rating Symbol | IN3889| 1N3890 | TN3891 | 1IN3892 | 1N3893 [MR 1376 Unit
Peak Repetitive Reverse Voltage | VRRM Volts
Working Peak Reverse Voltage | VRwm 50 100 200 300 400 600
DC Blocking Voltage VR
Non-Repetitive Peak Reverse VRsM 75 150 250 350 450 650 Volts
Voltage
RMS Reverse Voltage VR(RMS)| 35 70 140 210 280 420 | Volts
‘Average Rectified Forward o Amps
Current {Single phase, resistive 12
load, Tc = 100°C)
Non-Repetitive Peak Surge IFSM Amp
Current (Surge applied at 200
rated load conditions) (one cycle)
Operating Junction T Ty -65 to +150 °c
Range
Storage Temperature Range Tstg -65to +175 °c

THERMAL CHARACTERISTICS

[ Characteristics [ symbol [ Max | uait ]

[ Thermal Resistance, Junction to Case [ Rac ] 20 [ eemw 1}

Motorola guarantees the listed value, although parts having higher values of thermal resistance
will meet the current rating. Thermal resistance is not required by the JEDEC registration.

*ELECTRICAL CHARACTERISTICS

Characteristic Symbol Min Typ Max Unit
Instantaneous Forward Voltage VE Volts
(If =38 Amp, T = 150°C) - 1.2 15
Forward Voltage Ve Volts
(I = 12 Amp, T¢ = 25°C) - 1.0 1.4
Reverse Current (rated dc voltage) Tc=25°C IR - 10 15 uA
Tc = 100°C - 05 1.0 mA

Pows
0175
SEATING
PLANE

10-32UNF-2A

*Dimension is a diameter
Al JEDEC dimensions and notes apply

CASE 568
DO-4

*REVERSE RECOVERY CHARACTERISTICS

Characteristic Symbol | Min Typ Max Unit

Reverse Recovery Time

trr ns
{lg = 1.0 Amp to VR = 30 Vdc, Figure 16) - 100 200
(lgm = 36 Amp, di/dt = 25 Al/us, Figure 17) - 200 400
Reverse Recovery Current |RM(REC)| Amp
(Ig = 1.0 Amp to Vg = 30 Vdc, Figure 16) - - 2.0

MECHANICAL CHARACTERISTICS
CASE: Welded, hermetically sealed

FINISH: All external surfaces corrosion
resistant and readily solderable

POLARITY: Cathode to Case
WEIGHT: 5.6 grams (approximately)

*Indicates JEDEC Registered Data for 1N3889 Series.
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1N3889 thru 1N3893, MR1376 (continued)

FIGURE 1 — FORWARD VOLTAGE - FIGURE 2 — MAXIMUM SURGE CAPABILITY

300 100
T TTT TTTT]
90 N Prior to surge, the rectifier | |
200 b is operated such that Ty = 1500C;
7 £ 80F N VRRM may be applied between -+
2 N each cycle of surge.
~ - w70
= zsﬂg,/ L+ 3 N
100 P 5 g 60
7 > par-
a ™.
70 Ty = 1500C wg 50 N
SEa S
4 ~
50 1 w= \\~
z / = e Ta YW a WA ==
=
<
C % /4 & 2 ~——LicveLe
= y/4 w
g EREEERIE
E} 20 0
N 4 1.0 20 30 50 10 0 30 50 100
< NUMBER OF CYCLES AT 60 Hz
z
o 1
«Q J
3 I NOTE 1
g 10 7
=
= 50 i Pok Ppi
z " I DUTY CYCLE, D = 1p/ty
= tp-a=] PEAK POWER, Ppi, is peak of an
2 I TIvE equivalent square power pulse.
v 30 1 [ ——
’ To determine maximum junction temperature of the diode 1n a given situation,
20 the fallowing procedure is recommended
The temperature of the case should be measured using a thermocouple placed
on the case at the temperature reference point (see Note 3). The thermal mass
connected to the case is normally large enough so that it will not significantly
1.0 111 respond to heat surges generated in the diode as a result of pulsed operation once
111 steady-state conditionsare achieved. Using the measured value of T¢, the junction
07 111 temperature may be determined by
’ 1 Ty=Te+ Tic
05 ’ , where T is the increase in junction above the case
- ’ It may be determined by
4 TyC = Ppk “Roye [D+ (1-D) - rlty +1p) +rltp) - rlty)]
i 11
) r(t) = normalized value of transient thermal resistance at time, t, from Figure
04 0.8 12 16 20 24 28 32 3ie
vF, INSTANTANEQUS FORWARD VOLTAGE (VOLTS) r (1] + tp) = normalized value of transient thermal resistance at time 1)+ tp,

FIGURE 3 — THERMAL RESPONSE
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1N3889 thru 1N3893, MR 1376 (continued)

SINE WAVE INPUT

FIGURE 4 — FORWARD POWER DISSIPATION
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FIGURE 5 — FORWARD POWER DISSIPATION
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1N3889 thru 1N3893, MR1376 (continued)

QR, RECOVERED STORED CHARGE (uc) tfr, FORWARD RECOVERY TIME (us)

4 QgR, RECOVERED STORED CHARGE (uc)

TYPICAL DYNAMIC CHARACTERISTICS

FIGURE 10 — FORWARD RECOVERY TIME

FIGURE 11 — JUNCTION CAPACITANCE
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TN3889 thru TN3893, MR1376 (continued)

FIGURE 16 — REVERSE RECOVERY CIRCUIT

A - TEKTRONIX 545A, K PLUG IN

AAA AAA

0k R 00 PRE-AMP, PG000 PROBE OR EQUIVALENT
Hsvae oy 30 50W
60 Hz 25w NON-INDUCTIVE Ry — ADJUSTED FOR 1.4 Q BETWEEN
o YY) e POINT 2 OF RELAY AND RECTIFIER
UNDER TEST INDUCTANCE ~ 38 uH
R2 — TEN-1W, 10 ©, 1% CARBON CORE
CP. CLARE ) A IN PARALLEL
HPG 1002 1 AMP +10
Ta = [
SLOBLO 2 A=25"19C FOR RECTIFIER
FUSE sia MINIMIZE ALL LEAD LENGTHS
Siow
v & £ non-noucTive | C1 $C 1.0 Adc FROM CONSTANT VOLTAGE SUPPLY
CONSTANT VOLTAGE < LO4F 1.0 uF 3 RIPPLE = 3 mVrms MAX
SUPPLY _+ 300 v 300 v &5 Zout= A QMAX, DC to 2 khz
FIGURE 17 — JEDEC REVERSE RECOVERY CIRCUIT
Rl z
r_——MVAv L]
R1 = 50 Ohms " di/dt ADJUST
R2 = 250 Ohms
D1=1N4723 T2
D2 = 1N4001
120 VAC < ¢l
D3 = 1N4933 03 _!* I(pK) ADJUST
SCR1=MCR729-10 60 Hz |§ A 7~ K DUT.
C1=0510 50 uF
€2 ~ 4000 uF 1 e+ 02
L1=10-27 uH s
T1 = Variac Adjusts I(pK) and di/dt _ < R2 '_—ﬂ-_
12=11 _ R<0250
T3 = 1:1 (to trigger circuit) 01 3 SCRI L <0.01 uH
ldl- .l AAA
< ¢ e
0SCILLOSCOPE CURRENT
VIEWING
RESISTOR

NOTE 2

Reverse recovery time is the period which elapses from the
time that the current, thru a previously forward biased rectifier
diode, passes thru zero going negatively until the reverse current
recovers to a point which is less than 10% peak reverse current.

Reverse recovery time is a direct function of the forward -
current prior to the application of reverse voltage.

For any given rectifier, recovery time is very circuit depend-
ent. Typical and maximum recovery time of all Motorola fast
recovery power rectifiersare rated under a fixed set of conditions
using Ig = 1.0 A, VR = 30 V. In order to cover all circuit

'em

'RM(REC)

conditions, curves are given for typical recovered stored charge
versus commutation di/dt for various levels of forward current
and for junction temperatures of 25°C, 76°C, 100°C, and
150°C.

To use these curves, it is necessary to know the forward
current level just before commutation, the circuit commutation
di/dt, and the operating junction temperature. The reverse re-
covery test current waveform for all Motorola fast recovery
rectifiers is shown.

From stored charge curves versus di/dt, recovery time (tg)
and peak reverse recovery current (IRpM(REC)) can be closely
approximated using the following formulas:

1/2
QR
try = 1.41 x| ——
" [di/dt]

IRM(REC) = 1.41 x [QR X di/dt] 172
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TN3889 thru TN3893, MR 1376 (continued)

NOTE 3

CASE TEMPERATURE
REFERENCE POINT

NYLON BUSHING
276 .190 041
—_— x = ==

.286 * 195 * 051

MICA WASHERS
560 195  .002
570 * 200 * 003

FLAT WASHER
Steel, Electro-deposited zinc plate
.510 .225 .050

QG0 =

INSULATING HARDWARE KIT

AVAILABLE UPON REQUEST Ip ‘195 SOLDER TERMINAL

.200 Copper, Electro-deposited tin
065 é plate

1p -965
095 .885 425 .020

915 .455 .023

LOCK WASHER

Steel, Electro-deposited zinc
plate,Internal tooth

.381 .204 .025

g e Y

NUT

1018 Steel, Electro-deposited zinc
N\ 7) plate, 10-32NF-2-B

362 Nom. across flats

.375 '

x :8—;2 Thick :172 across points

7/16 STUD (MH 745)

CASE TO HEAT SINK
THERMAL RESISTANCE UNDER
VARIOUS CONDITIONS

Metal-to-Metal Mica Insulation
Dry Lubrication Dry Lubrication
0.41 0.22 1.24 1.06

TORQUE: 15 IN-LBS




1N3899 thru 1N3903
MR1386

Data She

FAST RECOVERY

POWER RECTIFIERS
STUD MOUNTED 50.600 VOLTS

FAST RECOVERY POWER RECTIFIERS 20 AMPERES

. . . designed for special applications such as dc power supplies, inverters,
converters, ultrasonic systems, choppers, low RF interference, sonar power
supplies and free wheelingdiodes. A complete line of fast recovery rectifiers

having typical recovery time of 100 nanoseconds providing high efficiency

at frequencies to 250 kHz.

Designers Data for ‘Worst Case’”” Conditions
The Designers Data sheets permit the design of most circuits entirely from the
information presented. Limit curves — representing boundaries on device character-
istics — are given to facilitate "‘worst case’’ design.

*MAXIMUM RATINGS

Rating Symbol [1N3899 | 1N3900 | IN3901 [ 1N3902 |1N3903 |[MR1386| Unit
Peak Repetitive Reverse Voltage | VRRM Volts
Working Peak Reverse Voltage | VRWM 50 100 200 300 400 600
DC Blocking Voltage VR
Non-Repetitive Peak Reverse VRSM 75 150 250 350 450 650 | Volits
Voltage
RMS Reverse Voltage VRiRMS) | 35 70 140 210 280 420 | Volts
Average Rectified Forward o Amps]
Current (Single phase, resistive 20
load, T¢ = 100°C)
Non-Repetitive Peak Surge IFsm Amps
Current (surge applied at 250
rated load conditions) (one cycle)
Operating Junction T T, -65 10 150 ——————————e | OC
Range
Storage Temperature Range Tsly -  -65t0 +175 ————= | OC

*THERMAL CHARACTERISTICS

Characteristic I Symbol I Max Unit I :
I Thermal Resistance, Junction to Case l Rouc I 18 ocw | MmN uz 1/4-28 UNF-2A
*ELECTRICAL CHARACTERISTICS L_ Terminal 2
Characteristic Symbol Min Typ Max Unit
Instantaneous Forward Vol;age 73 . Volts *Dimension is a diameter.
(I = 63 Amp, T, = 150°C) = 12 15 Al JEDEC dimensions and notes apply
Forward Voltage Vg Volts
{IF =20 Amp, T¢ = 25°C) - 1.1 1.4 CASE 257
Reverse Current (rated dc voltage) Tc = 25°C IR - 10 25 uA DOS
Tc = 100°C - 0.5 1.0 mA
*REVERSE RECOVERY CHARACTERISTICS
5 Characteristic Symbol Min Typ Max Unit
Toverse Recovery Time _ ter ns MECHANICAL CHARACTERISTICS
{IF = 1.0 Amp to VR = 30 Vdc, Figure 16) - 100 200
(IFm = 36 Amp, di/dt = 25 A/us, Figure 17) - 200 400 CASE: Welded, hermetically sealed
Reverse Recovery Current IRM(REC)! Amp
(I = 1.0 Amp to VR = 30 Vdc, Figure 16) _ _ 20 FINISH: All external surfaces corrosion
*Indicates JEDEC Registered Data for 1N3899 Series, resistant and readily solderable

POLARITY: Cathode to Case
WEIGHT: 17 Grams (Approximately)
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TN3899 thru TN3903, MR1386 (continued)

iF, INSTANTANEOUS FORWARD CURRENT (AMP)

EFFECTIVE TRANSIENT THERMAL
RESISTANCE (NORMALIZED)

r(t),

FIGURE 1 — FORWARD VOLTAGE

“"FIGURE 2 — MAXIMUM SURGE CAPABILITY

500 100 TTTT T 1T 1T
= N ; ;
90 Prior to surge, the rectitier | |
300 ] \\ is operated such that T = 1500C;
P A o 80 ™ VRRM may be applied between
e 10 N each cycle of surge
200 Ty=250C = 23 g
f/ <= 60 N
o« U
55 50
€T
100 w3 N\_/\_[\
o« 3 \\~
20 7/ & 2 30— l-——L'I CYCLE
o
- 2
50 /A
10
0
30 1.0 20 30 60 70 10 .20 30 50 70 100
I' ’ NUMBER OF CYCLES AT 60 Hz
20 l I
/ I NOTE 1
10 1T Ppk
1 DUTY CYCLE, D = tp/ty
7.0 I tp PEAK POWER, Ppy, is peak of an
h ' equivalent square power pulse.
L TIME
50 1 fo—t—
junction ) of the diode in a given situation,
the following procedure is recommended:
30 The temperature of the case should be measured using a thermocouple placed
on the case at the temperature reference point (see Note 3). The thermal mass
20 connected to the case is normally large enough so that it will not significantly
- respond to heat surges generated in the diode as a result of pulsed operation.once
steady-state conditionsare achieved. Using the measured value of T, the junction
temperature may be determined by:
Ty=Te+ATye
1.0 where & T is the increase in junction above the case
It may be determined by:
07 ATye=Ppk -Rgyc [0+ (1-0) - rlty +tp) +rltp) — rlty))
where .
05 r(t) = normalized value of transient thermal resistance at time, t, from Figure
0 04 O 12 1.6 20 24 28 32 36 4 3ie: o . . .
- ¢ (1 + tp) = normalized value of transient thermal resistance at time t1+ tp
VF, INSTANTANEOUS FORWARD VOLTAGE (VOLTS)
FIGURE 3 — THERMAL RESPONSE
10
05 B =
03
0.2 A
1
1 (See Note 1)
0.1
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1N3899 thru TN3903, MR1386 (continued)

SINE WAVE INPUT SQUARE WAVE INPUT
FIGURE 4 — FORWARD POWER DISSIPATION FIGURE 5 — FORWARD POWER DISSIPATION
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1N3899 thru TN3903, MR 1386 (continued)

FIGURE 16 — REVERSE RECOVERY CIRCUIT

AA A~ TEKTRONIX 5454, K PLUG IN
00 PRE-AMP, P6000 PROBE OR EQUIVALENT
NON~Il{|’ﬂDgCTIVE R1— ADJUSTED FOR 1.4 2 BETWEEN
POINT 2 OF RELAY AND RECTIFIER
UNIT INDUCTANCE ~ 38 uH
R2 — TEN-1 W, 10 ©, 1% CARBON CORE
P CLARE IN PARALLEL
HPG 1002 1AMP 10
TA=25"00C FOR RECTIFIER
SLO-BLO R2 AT® o
FUSE e R MINIMIZE ALL LEAD LENGTHS
- Sow
vt o T NoN-INDUCTIVE | €1 $7C 1.0 Adc FROM CONSTANT VOLTAGE SUPPLY
CONSTANT VOLTAGE = 1.0 uF 1.0 uF AR RIPPLE = 3 mVrms MAX
SUPPLYC+ 300V 300 V 5 Zout = 1% S2MAX, BC to 2 kHz

FIGURE 17 — JEDEC REVERSE RECOVERY CIRCUIT

o

A o
R1 = 50 Ohms n difdt ADJUST
R2 =250 Ohms
D1=1N4723 T2
= 1 ‘
o2 1
SCR1=MCR729-10 60 Hz ., LY DUT.
C1=051050 uF b
C2 ~ 4000 puF : c2
L1=1.0-27 uH w2 02
T1 = Variac Adjusts | and di/dt L |
T2=1:1 . P - R<0.25Q
T3 = 1:1 (to trigger circuit) D1 SCR1 L <0.01pH
_N A
0SCILLOSCOPE g iﬁﬁ’é‘m’,‘.ﬁ?
RESISTOR
NOTE 2
Reverse recovery time is the period which elapses from the di/d
time that the current, thru a previously forward biased rectifier , i(t) V/dt
diode, passes thru zero going negatively until the reverse current Fm
recovers to a point which is less than 10% peak reverse current.
Reverse recovery time is a direct function of the forward -1
current prior to the application of reverse voltage.
For any given rectifier, recovery time is very circuit depend-
ent. Typical and maximum recovery time of all Motoroia fast IRM(REC)
recovery power rectifiers are rated under a fixed set of conditions

using Ig = 1.0 A, VR = 30 V. In order to cover all circuit
conditions, curves are given for typical recovered stored charge
versus commutation di/dt for various levels of forward current
and for junction temperatures of 256°C, 76°C, 100°C, and
150°C.

To use these curves, it is necessary to know the forward
current level just before commutation, the circuit commutation
di/dt, and the operating junction temperature. The reverse re-
covery test current waveform for all Motorola fast recovery
rectifiers is shown.

From stored charge curves versus di/dt, recovery time (ty)
and peak reverse recovery current (IRM(REC)) can be closely
approximated using the following formulas:

Qg ‘I 1/2
di/dt

ter = 1.41 x[

IRM(REC) = 141 x [Qg x di/a] /2

1-80




TN3899 thru TN3903, MR1386 (continued)

TYPICAL DYNAMIC CHARACTERISTICS

FIGURE 10 — FORWARD RECOVERY TIME

FIGURE 11 — JUNCTION CAPACITANCE
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10 2.0 5.0 10 20 50 100 1.0 2.0 50 10 20 50 100
IF, FORWARD CURRENT (AMP) VR, REVERSE VOLTAGE (VOLTS)
TYPICAL RECOVERED STORED CHARGE DATA
(See Note 2)
FIGURE 12 — T = 25°C FIGURE 13 — T, = 75°C
10 — 20 »
= IEM=20 A —
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[~
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di/dt (AMP/us) di/dt, (AMP/us)
STORED CHARGE DATA
FIGURE 14 — T = 100°C FIGURE 15 — Ty = 150°C
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1N3899 thru TN3903, MR1386 (continued)

INSULATING HARDWARE KIT AVAILABLE UPON REQUEST

CASE TEMPERATURE
REFERENCE POINT

MICA WASHERS
997 .255 .004
I x == x —

1.003 .265 .006

=

NYLON BUSHING
.362 X .264 x .060
372 .274 .070

FLAT WASHER
Steel, Electro-deposited

OUTSIDE DIA. Zinc plate

469 727 276 055
J .749 .296 071

160 Bl

MAX.

i
-~

t : 437 HOLE DIA
085 MIN. 1265 +.005
MIN.  fe.625 MaX

SOLDER TERMINAL
Coppér, electro-tinned
(AMP #34124)

LOCK WASHER
Steel, spring, Electro-deposited
Zinc plate, Internal tooth

034 460 .250 017
x x

ORI

480  .270 027

NUT
e 1018 Steel, Electro-deposited
\_ ‘ Zinc plate
- %-28 NF-28
.42

425 across tlats x 178 Thick
.437 9

.485 .
11/16 STUD (MH 746) 505 'O Po"®

CASE TO HEAT SINK
THERMAL RESISTANCE UNDER

VARIOUS CONDITIONS
Metal-to-Metal Mica Insulation
Dry Lubrication Dry Lubrication
0.38 0.20 0.89 0.70

TORQUE: 25IN LBS
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'IN3909 thru 'IN39 l 3
MR1396

FAST RECOVERY
POWER RECTIFIERS

50-600 VOLTS
30 AMPERES

STUD MOUNTED
FAST RECOVERY POWER RECTIFIERS

. . . designed for special applications such as dc power supplies, inverters,
converters, ultrasonic systems, choppers, low RF interference, sonar power
supplies and free wheelingdiodes. A complete line of fast recovery rectifiers

‘having typical recovery time of 100 nanoseconds providing high efficiency

at frequencies to 250 kHz. :

Designer’s Data for “Worst Case’ Conditions

The Designers Data sheets permit the design of most circuits entirely from the
information presented. Limit curves — representing boundaries on device character-
istics — are given to facilitate “‘worst case’’ design.

*MAXIMUM RATINGS
Rating Symbol | 1N3909 | 1n3910 [ 1n3911] 1N3912 [ 1N3913] MR1306{ Unit
Peak Repetitive Reverse Voltage | VRRMm Volts
Working Peak Reverse Voltage] VRwm | 50 100 200 300 400 600
DC Blocking Voltage VR
Non-Repetitive Peak Reverse Vasm | 75 150 250 350 450 650 | Volts
Voltage o e 03
RMS Reverse Voltage Vamms)| 35 70 140 210 280 |° 420 | Voits Terminal 1 \1 | WAX
Average Rectified Forward o Amps
Current (Single phase, 30
resistive load, T = 100°C) t
Non-Repetitive Peak Suri [ A f 0.140
ge FSM mp o5
Current (surge applied at rated] 300 {%‘3 } 1.000
load conditions) - 4 MAX
Operating Junction T Ty -65 to +150 °c 0.450
Range ‘ I MAX
Storage Temperature Range Tstg -65 10 +175 °c —L '
oot ¥ &
THERMAL CHARACTERISTICS WIN 0.2 O UNE2A
Characteristic [ symbor | Max | unit | 0453
I Thermal Resistance, Junction to Case I Royc | 12 I ocw J _*__ Terminal 2

*ELECTRICAL CHARACTERISTICS

Characteristic Symbol | Min | Typ | Max | Unit . J;‘;:‘:::::ﬂ::ﬂ‘:‘::"ﬂ';m .
Instantaneous Forward Voltage 3 = 12 1.5 Volts e
(1 =93 Amp, T = 150°C) CASE 257
Forward Voltage VE = 1 14 | Voits 005
(If = 30 Amp, T = 25°C)
Reverse Current (rated dc voltage) TC = 260C IR - 10 25 A
T¢ = 100°C - 05 1.0 mA
*REVERSE RECOVERY CHARACTERISTICS .
Characteristi Symbol Min Typ | Max | Unit MECHANICAL CHARACTERISTICS
Reverse Recovery Time T ns . :
(IF = 1.0 Amp to VR = 30 Vdc, Figure 16) _ 100 200 CASE: Welded, hermetically sealed
(Igm = 36 Amp, di/dt = 25 Alus, Figure 17) - 200 400 FINISH: All external surfaces corrosion
Reverse Recovery Current IRM(REC) - 15 20 Amp " i
(I = 1.0 Amp to Vg = 30 Vdc, Figure 16) resistant and readily solderable
'|n‘dica(es JEDEC Registered Data for 1N3909 Series. POLARlTY: cathOde to Case

WEIGHT: 17 Grams (Approximately)
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1N3909 thru 1N3913, MR1396 (continued)

EFFECTIVE TRANSIENT THERMAL

(),

" i, INSTANTANEQUS FORWARD CURRENT

FIGURE 1 — FORWARD VOLTAGE

FIGURE 2 — MAXIMUM SURGE CAPABILITY

———- 100
500 5= 250C = ] T T T 1T ]
/ L~ 90 NG Prior to surge, the rectitier
\\ is operated such that Tj = 1500C;
300 o 8 - VRRM may be applied between
o N each Cycle of Surge.
1500C af 10
200 =3 N
I//:/ E- N
/ w= N
o% 50
Ex
100 LA £ )| N a
17 o« w -Q—Cl—g- -
7 1/4 @2 s —licveie Bt
/A =
- 20
50
10
[ 0
%0 1 10 20 30 50 70 10 20 30 50 70 100
/[ NUMBER OF CYCLES AT 60 Hz
20 /[
/ I NOTE 1
10 N
l' Ppk Ppk
1 DUTY CYCLE, D = tp/tg
7.0 tpo) PEAK POWER, Py, is peak of an
TIvE equivalent square power pulse.
|
5.0 S —
To determine maximum junction temperature of the diode in a given situation,
30 the following procedure is recommended:
: The temperature of the case should be measured using a thermocouple placed
, on the case at the temperature reference point (see Note 3). The thermal mass
20 connected to the case is normally large enough so that it will not significantly
respond to heat surges generated in the diode as a result of pulsed operation once
steady-state conditionsare achieved. Using the measured value of T¢, the junction
temperature may be determined by:
Ty=Te+2Tye
10 where X T is the increase in junction above the case
It may be determined by
o7 ATye =Ppk “ReJC (D + (1-D) - rity +tp) +rltp) — rity)]
where .
05 r(t) = normalized value of transient thermal resistance at time, t, from Figure
0 04 08 12 16 20 24 28 32 36 40 3ie: .
r(t1 + tp) = normalized value of transient thermal resistance at time t;+ tp.
VvE, INSTANTANEOUS FORWARD VOLTAGE (VOLTS)
FIGURE 3 — THERMAL RESPONSE
10
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N 03
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2 1
w
= 0.03
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t, TIME (ms)



TN3909 thru 2N3913, MR1396 (continued)

PF(AV), AVERAGE FORWARD POWER

IR, REVERSE CURRENT (uA)

SINE WAVE INPUT SQUARE WAVE INPUT
FIGURE 4 — FORWARD POWER DISSIPATION FIGURE 5 — FORWARD POWER DISSIPATION
50 50
] L1 [ [ |
} } | « CAPACITIVE LOADS
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0 ' 'PK) _ g
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0 2 2 W
/ RESISTIVE-INDUCTIVE LOAD & ///
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0 40 80 12 16 20 2% 28 32 0 40 80 12 16 20 2 28 32
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FIGURE 6 — CURRENT DERATING FIGURE 7 — CURRENT DERATING
Y o T _ 3
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FIGURE 8 — TYPICAL REVERSE CURRENT FIGURE 9 — NORMALIZED REVERSE CURRENT
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1N3909 thru 1N3913, MR1396 (continued)

TYPICAL DYNAMIC CHARACTERISTICS

FIGURE 10 — FORWARD RECOVERY TIME

10 o —
w0 Ty =250¢
3 sofF Wi j\gr
w
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z 20 A
w
3
g 1 ‘ A v - 11 v
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£ 05 —~
g g
el
€ 03 =
£ 02
0.1
10 20 50 10 2 50 100

IF, FORWARD CURRENT (AMP)

Cy, CAPACITANCE (pF)

100

FIGURE 11 — JUNCTION CAPACITANCE

TYPICAL RECOVERED STORED CHARGE DATA

(See Note 2)
FIGURE 12 — Ty = 25°C
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FIGURE 13 — T = 75°C
2.0
A
IFM=20A /%
10 i
40 IA 7
05 A
pd 1 1A
02 el -
/<</ LT
s A
0.1 i e
oA 10A 71
L
005} S ~ 50A-
A 1A 10A
[
0.02
10 20 5.0 10 20 50 100
difdt, (AMP/us)
20 FIGURE 15 — T = 150°C
IFm =40 A /
1.0 :
< Z
05 7 ,
1 A
LA
02 - 7
//r /éx
0.1 A 20A
- =\
7T A\ 10A
0.05 M
|
0.02 A
1.0 20 5.0 10 20 50 100

di/dt (AMP/us)



1N3909 thru 1N3913, MR1396 (continued)

FIGURE 16 — REVERSE RECOVERY CIRCUIT

AAA

A -~ TEKTRONIX 545A, K PLUG IN

VWA

302

w
NON-INDUCTIVE

50
@D UNIT
UNDER TEST

PRE-AMP, P6000 PROBE OR EQUIVALENT

Ry -~ ADJUSTED FOR 1.4 Q BETWEEN
POINT 2 OF RELAY AND RECTIFIER
INDUCTANCE ~ 38 uH

R2 — TEN-1W, 10 , 1% CARBON CORE
IN PARALLEL

C.P. CLARE
HPG 1002 1 AMP e 10,
SLO-BLO M TA 25_0 C FOR RECTIFIER
FUSE ‘:] Q . MINIMIZE ALL LEAD LENGTHS
Siow
Ve Y O T non-anoucTive | €1 $C 10 Adc FROM CONSTANT VOLTAGE SUPPLY
CONSTANT VOLTAGE ?F 1.0 uF 1.0 uF AR RIPPLE = 3 mVrms MAX
SUPPLY _+ 300 v 300 V = Zout = 1% 2MAX, DC to 2 kHz
O- O
FIGURE 17 — JEDEC REVERSE RECOVERY CIRCUIT
R1
WA o
L
A1 = 50 Ohms. " difdt ADJUST
R2 =250 Ohms
D1 = 1N4723 T2
D2 = 1N4007
120 VAC 4]
D3 = 1N4933 D3 -!* 1(PK) ADJUST
SCR1 = MCR729-10 60 Hz | 7w Ut
C1=05to050uF
€2 ~ 4000 uF B [+ 02
L1=1.0-27uH o
T1 = Variac Adjusts I(pK) and di/dt _ R2 L]
T2=11 [ R<0.25Q
T3 = 1:1 (to triyger circuit) D1 T3NM L <0.01uH
'_K“ ¢ 1< VWA
0SCILLOSCOPE E iCURR ENT
VIEWING
RESISTOR
NOTE 2
Reverse recovery time is the period which elapses from the
time that the current, thru a previously forward biased rectifier |
diode, passes thru zero going negatively until the reverse current FM
recovers 10 a point which is less than 10% peak reverse current.
Reverse recovery time is a direct function of the forward -
current prior to the application of reverse voltage.
For any given rectifier, recovery time is very circuit depend-
ent. Typical and maximum recovery time of all Motorola fast IRM(REC)
recovery power rectifiers are rated under a fixed set of conditions T

using lg = 1.0 A, VR = 30 V. In order to cover all circuit
conditions, curves are given for typical recovered stored charge
versus commutation di/dt for various levels of forward current
and for junction temperatures of 25°C, 75°C, 100°C, and
150°C. .

To use these curves, it is necessary to know the forward
current level just before commutation, the circuit commutation
di/dt, and the operating junction temperature. The reverse re-
covery test current waveform for all Motorola fast recovery
rectifiers is shown.

From stored charge curves versus di/dt, recovery time (t, )
and peak reverse recovery current (IRM(REC)) can be closely
approximated using the following formulas:

QR] 1/2

ter = 1.41x
" [di/dt

IRM(REC) = 141 x [QR » di/dt] 172
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1N3909 thru 1N3913, MR1396 (continued)

INSULATING HARDWARE KIT AVAILABLE UPON REQUEST

CASE TEMPERATURE
REFERENCE POINT
MICA WASHERS
997 255
1.003 ~ 265

o
o
S

x

x

NYLON BUSHING
362 264 .060
372 © 274 * 070

FLAT WASHER
Steel, Electro-deposited

Zinc plate
727 276  .085
.749 .296 .071

SOLDER TERMINAL
Copper, electro-tinned
(AMP #34124)

LOCK WASHER
Steel, spring, Electro-deposited
Zinc plate, Interna! tooth

0l e@ag

460 250 017
480 = 270 ~ 027
NUT

1018 Steel, Electro-deposited
Zinc plate

.l’@
W

%-28 NF-28B .
:Gig across flats x ‘};_2 Thick

.485 .
11/16 STUD (MH 746) .05 2°To%sPoints

OUTSIDE DIA.

.469
160 i
MAX. L
r ‘ 437 1 HOLE DIA.
MIN. .265 +.005
.085
MIN. le—.625 MAX.I
- - | .028
i l 032
"n
LX)
Galilad
i ‘ t

CASE TO HEAT SINK
THERMAL RESISTANCE UNDER
VARIOUS CONDITIONS

Metal-to-Metal

Mica Insulation

Dry Lubrication

Dry

Lubrication

0.38 0.20

0.89

0.70

TORQUE: 25 IN-LBS




1IN3993 ihrv 1N4000 (zEnER DIODES)

Low-voltage, alloy-junction zener diodes in hermeti-
cally sealed package with cathode connected to case.

CASE 56

(DO.4) Supplied with

MAXIMUM RATINGS

Junction and Storage Temperature:
D C Power Dissipation:

mounting hardware.

-65°C to +175°C.
10 Watts. (Derate 83.3 mW/°C above 55°C).

The type numbers shown in the table have a standard tolerance on the nominal

zener voltage of +10%.
available and is indicated by suffixing

ELECTRICAL CHARACTERISTICS

A standard tolerance of +5% on individual units is also

""A'" to the standard type number.

(Te = 30°C = 3, Vk = 1.5 max @ Ir = 2 amp for all units)

Nominal Reverse
Zener Voltage Test Max Zener Impedance Max DC Zener | Leakage Current
V: @ Current Current
Type No. Volts b 1 @l L @ lu = 10 mA l:.w mA I Ve
mA Ohms Ohms vA Volts
1N3993 3.9 640 2.0 400 2380 100 0.5
1N3994 4.3 580 1.5 400 2130 100 0.5
1N3995 4.7 530 1.2 500 1940 50 1.0
1N3996 5.1 490 1.1 550 1780 10 1.0
1N3997 5.6 445 1.0 600 1620 10 1.0
1N3998 6.2 405 1.1 750 1460 10 2.0
1N3999 6.8 370 1.2 500 1330 10 2.0
1N4000 7.5 335 1.3 250 1210 10 3.0
SPECIAL SELECTIONS AVAILABLE INCLUDE: (See Selector Guide for details)
(A) NOMINAL ZENER VOLTAGES BETWEEN THE 10 5 1
VOLTAGES SHOWN AND TIGHTER VOLTAGE
TOLERANCES: Device 5.1 Volts Zener Overall
To designate units with zener voltages other than Description | (each device) | Diodes Tfolerance
those assigned JEDEC numbers and /or tight voltage Motorola Alloy ? + ls;: )
tolerances (+3%, +2%, +1%), the Motorola type Tolerance .
number should be used. per device (+5%) g"de
10 M 5.0 A z 3 *Code : ‘ (?mlt for +20% units) (A-Not used)
T T T T g - ;I_‘Iw:/‘o d;vufes in series
Device orola i Zener Tolerance — Three devices In Serics
Description Motor I*\I;)(:’{\;;l Alloy Diode  (+%) D — Four devices in series

Example: 10MS5.0AZ3
(B) MATCHED SETS: (Standard Tolerances are +5.0%,
+2.0%, +1.0%).

Zener diodes can be obtained in sets consisting
of two or more matched devices. The method for
specifying such matched sets is similar to the one
described in (A) for specifying units with a special
voltage and/or tolerance except that two extra
suffixes are added to the code number described.

These units are marked with code letters to
identify the matched sets and, in addition, each unit
in a set is marked with the same serial number,
which is different for each set being ordered.

Example: 10M5.1AZ5B1

(C) ZENER CLIPPERS: (Standard Tolerance +10% and
+5%).
Special clipper diodes with opposing Zener
junctions built into the device are available by using
the following nomenclature

M47

llg
Device Nomm Zener
Description | Voltage Diodes
Motorola Alloy Clipper

Tolerance for each of
the two Zener voltages
(not a matching require-

Example: 10M4.7AZZ10  ment)
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1n4001 v 184007

_— CATHODE

Surmetic rectifiers, subminiature size, axial lead

mounted rectifiers for general purpose low-power ap-

CASE 59 plications.
(DO-41)

MAXIMUM RATINGS

—  N|@o g | v o~ -
; g1 8|8|18/8|8|8 .
Rating Symbol | S | S| S| S| S| F| S| Unit
= =z -4 =z =z = =
Peak Repetitive Reverse Voltage VRM (rep)
Working Peak Reverse Voltage VRM (wkg) 50 | 100 | 200 | 400 | 600 | 800 | 1000| Volts
DC Blocking Voltage VR
Non-Repetitive Peak Reverse Voltage
(halfwave, single phase, 60 Hz peak) VRM(non-rep) 75 | 150 | 300 | 600 | 900 (1200/1500| Volts
RMS Reverse Voltage V. 35 | 70 | 140 | 280 | 420 | 560 | 700 | Volts
Average Rectified Forward Current
(single phase, resistive load, Io 1.0 Amp
60 Hz, see Figure 6, T = 75°C)
Non-Repetitive Peak Surge Current
(surge applied at rated load I 30 (for 1 cycle) Amp
conditions, see Figure 2) FM(surge)
Operating and Storage Junction _ °
Temperature Range Tp Tstg 85 to +175 ¢
ELECTRICAL CHARACTERISTICS
Characteristic and Conditions Symbol Max Unit
Maximum Instantaneous Forward Voltage Drop VF Volts
(iF = 1.0 Amp, TJ =25°C) Figure 1 1.1
Maximum Full-Cycle Average Forward Voltage Drop VF( AV) Volts
(IO =1.0 Amp, TL = T5°C. 1 inch leads) 0.8
Maximum Reverse Current (rated dc voltage) TJ =25°C Ip 0.01 mA
T 5= 100°C 0.05
Maximum Full-Cycle Average Reverse Current IR (AV) mA
(I0 =1.0 Amp. TL = 75°C. 1 inch leads) 0.03
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G0(t), JUNCTION-TO-LEAD

TN4001 thru 1TN4007 (continued)

MECHANICAL CHARACTERISTICS

CASE: Void free, Transfer Molded

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 350°C, 3" from
case for 10 seconds at 5 Ibs. tension

FINISH: All external surfaces are corrosion-resistant, leads are readily solderable
POLARITY: Cathode indicated by color band
WEIGHT: 0.40 Grams (approximately)

FIGURE 1 — FORWARD VOLTAGE FIGURE 2 — MAXIMUM SURGE CAPABILITY
SO T T = 5 100 -
o1 = N AWAWAY
T, = 25°C PP z — I.-——l—l CYCLE
20 £ 50 SURGE APPLIED AT NO B
7 3 LOAD CONDITIONS 4
10 / w ~ Vi (rep) APPLIED AFTER SURGE
£ £ 30 T, = 25°C 4
7.0 y AP o < N~ ™
50 2 5 ™ ™~
117 E ™ N
30 S g
TveicaL|/ ff MAxiMuM 5 SURGE APPLIED AT RATED M~
20 & LOAD CONDITIONS
s 10 Viw(rep) APPLIED AFTER SURGE
10 [ H T,=175°C -
! H-H 2
iz i T
Y 50 SN ENEEE
05 11 10 20 30 50 70 10 200 30 50 70 100
03 I NUMBER OF CYCLES AT 60 Hz
02
FIGURE 3 — FORWARD VOLTAGE TEMPERATURE COEFFICIENT
0.1 = 45
0.07 ¥ 40
= T
0.05 + 35
0.03 ] 30
’ 11 s 25 4
0.02 =
I £ %
= 15
001 I g
¥ 2 [TYPICAL RANGE
0.007—F E 05 ”
0.005—H 8
-05 afillin=a
0.003 —10 L]
0 e
0.002 —15
2 o SR
oI [ sH] [T
04 08 1z 16 20 24 28 32 36 40 0001 0005001 005 01 05 10 50 10 50
v¢. INSTANTANEQUS FORWARD VOLTAGE (VOLT) is. INSTANTANEOUS FORWARD CURRENT (AMP)
FIGURE 4 —TYPICAL TRANSIENT THERMAL RESISTANCE
L= =it
_ = —t L— =
§ 50—
e — 1]
2] S HeAT SINK 1 L= 12
= |t G
£ > L= 1/32"
210
£,
[l >~
=50
z =
230 —
g 20 el
| e
19l et -
30 50 70 10 20 30 50 70 100 200 300 500 700 1000 7000 3000 5000 7000 10K 20k 30

PW, PULSE WIDTH (ms)

FOR #,(y; VALUES AT PULSE WIDTHS LESS THAN 3.0 ms, THE ABOVE CURVE
CAN BE EXTRAPOLATED DOWN TO 10 s AT A CONTINUING SLOPE OF 1/2
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1N4001 thru TN4007 (continued)

Ig, FORWARD CURRENT (AMP)

IF(avg) AVERAGE FORWARD CURRENT (AMP)

1, THERMAL RESISTANCE, JUNCTION-TO-LEAD (°C/W)

CURRENT DERATING DATA

FIGURE 5— LEAD TEMPERATURE DERATING (DC ONLY)

FIGURE 6 — RESISTIVE,INDUCTIVE LOADS

80 40
S
= <
=
50— g 10 ™~
N s T~ \\ 1= 60H
o L=1/32"
N Ed U=
40P \\ g 2 P \\
N~ L= 38" § N L=t \‘ N,
N & S T \ N
[~ = I~~~l."(SEE NOTE 1)
20 El\ \\ - 10 o \\\\
N ol N
- 20 40 60 8 100 120 140 160 180 200 20 40 60 80 100 120 140 160 180 200
Ti, LEAD TEMPERATURE (°C) T, LEAD TEMPERATURE (°C)
FIGURE 7 — CAPACITIVE LOADS NOTES
20
NOTE 1
Data shown for thermal resistance junction-to-ambient (6,) for the mountings
=60 Hz shown is to be used as typical guideline values for p y eng g or in
15 case the tie point temperature cannot be measured.
- ~
N~ I =10x1,,, TYPICAL VALUES FOR #,, IN STILL AIR
—
L=1/32" l-j ]-L
10 \ L=1"
T~ T~ N '//////////////////////////////////////////////////////
\\\‘ NG
}\\ ~J MOUMING METHIJII 1 MOUNTING METHOD 2
L ———AN MOUNTING | LEAD LENGTH, L(N)
05— = 13~ ~ METHOD 1A
st/ BRI vy 1|
- 1 — | 75 | 8 |°C/W
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6 can be used for 60 Hz half-wave resistive/inductive load (Rating vs.
Ambient Temperature). The abscissa of Figure 6 then indicates T, in °C.

NOTE 2

P
P P DUTY CYCLE, D = t,/t,
}-t,’— PEAK POWER, Py, is peak of an
TIME

equivalent square power pulse.

t
To determine maximum junction temperature of the diode in a
given situation, the following procedure is vecommend_ed:

The temperature of the lead should be measured using a thermocouple placed
on the lead as close as possible to the tie point. The thermal mass connected to
the tie point is normally large enough so that it will not significantly respond to
heat surges generated in the diode as a result of pulsed operation once steady-
state conditions are achieved. Using the measured value of T, the junction
temperature may be determined by:

Ty=To+ ATy

where A T is the increase in junction temperature above the lead temperature.
It may be determined by:

ATy =Ppe [ Batfoer O+ (1 = Db+ Byigey 4 o + Aoiieg) ~ fuweey)
where f(y) = value of transient thermal resistance at time t, i.e.:
(e, +1,) = value of Oy (o) attime ¢ 4o,
Burp) = value of 6y (¢) at end of pulse width ¢,

B ey = value of Gy v) at time ¢y




1N4001 thru TN4007 (continued)

TYPICAL DYNAMIC CHARACTERISTICS

FIGURE 9 — FORWARD RECOVERY TIME FIGURE 10— REVERSE RECOVERY TIME
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FIGURE 13 — SINGLE-PHASE HALF-WAVE RECTIFIER CIRCUIT V’; '
TR
T +100% - — - 100% - 406% (2
O (sine) V2m w?
R, 1[ } 4R 2
Rg Vo ALY
For a square wave input of amplitude V,,. R e ke
—0 the efficiency factor becomes: 9 (square) z 100% - 0% @
R
I . (A full wave circuit has twice these efficiencies)
The rectification efficiency factor o shown in Figure 11 was calculated using the
formula: As the frequency of the input signal is increased, the reverse recovery time of the diode
Viglde) (Figure 10) becomes smmhcant resulting in an increasing ac voltage component across
S o 2 Ry which is opposite in polarity to the forward current, thereby reducing the value of the
o= :ﬁ o Ry -100% - — v o(dtl L100% (1) efficiency factor o, as shown on Figure 11.
™ Volrms) Violac) + V'ofde) It should be emphasized that Figure 11 shaws waveform efficiency only; it does not
R provide a measure of diode losses. Data was obtained by measuring the ac component of
For a sine wave input V,, sin {c,t) to the diode, assumed lossless, the maximum theorehcal Vo with a true rms ac voltmeter and the dc comp with a dc ter. The data was
efficiency factor becomes: used in Equation 1 to obtain points for Figure 11.

1n4057, A 1o 1n4085, A

For Specifications, See 1N429 Data.



1 N4099 thru 'IN4I 35 (SILICON)

(MZ4614 thru MZ4627) *

LOW-LEVEL SILICON PASSIVATED ZENER DIODES

. . . designed for 260 mW applications requiring low leakage, low
impedance, and low noise.

® Voltage Range from 1.8 to 100 Volts

® First Zener Diode Series to Specify Noise—50% Lower than
Conventional Diffused Zeners

® Zener Impedance and Zener Voltage Specified for Low-Level
Operation at |zT = 250 uA

® | ow Leakage Current —
IR from 0.01 to 10 uA over Voitage Range

® Expanded Temperature Range —
Ty = -65 to +200°C

SILICON
ZENER DIODES

(£5.0% TOLERANCE)

250 MILLIWATTS
1.8-100 VOLTS

SILICON OXIDE
PASSIVATED JUNCTION

MAXIMUM RATINGS

Rating Value Unit
DC Power Dissipation, 256°C Ambient 250 mW
Derating Factor 1.43 mw/°C
Junction and Storage Temperature -65 to +200 oc

MECHANICAL CHARACTERISTICS

CASE: Hermetically sealed, all-glass.
DIMENSIONS: See outline drawing.

FINISH: All external surfaces are corrosion resistant and leads are readily
solderable and weldable.

POLARITY: Cathode indicated by polarity band.
WEIGHT: 0.2 gram (approx)
MOUNTING POSITION: Any

POWER TEMPERATURE DERATING CURVE
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CASE 51
(DO-7)

*ldentical to 1N4614 registration, except registration has a minimum package diameter of 0.115 inches.
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TN4099 thru 1N4135, MZ4614 thru MZ4627 (continued)

ELECTRICAL CHARACTERISTICS

(TA = 25°C unless otherwise noted) !ZT = 250 pA and VF = 1.0 V max @ I = 200 mA on all Types

Max Noise Density
Nominal Max Zener Max AtlzT = 250 A
Zener Voltage impedance Reverse Test Np Max Zener Current

Type vz 277 Current Voltage (Fig 1) Izm
Number (Note 1) (Note 2) IR (Note 4) VR (micro-volts per (Note 3)
(Note 1) (Volts) (Ohms) (uA) (Volts) Square Root Cycle) (mA)
MZ4614 1.8 1200 7.5 1.0 1.0 120
MZ4615 2.0 1250 5.0 .0 1.0 110
MZ4616 2.2 1300 4.0 1.0 1.0 100
MZ4617 24 1400 2.0 1.0 1.0 95
MZ4618 2.7 1500 1.0 1.0 1.0 90
MZ4619 3.0 1600 0.8 1.0 1.0 85
MZ4620 3.3 1650 7.5 5 1.0 80
MZ4621 3.6 1700 75 20 1.0 75
MZ4622 3.9 1650 5.0 2.0 1.0 70
MZ4623 4.3 1600 4.0 2.0 1.0 65
MZ4624 4.7 1550 10 3.0 1.0 60
MZ4625 5.1 1500 10 3.0 2.0 55
MZ4626 5.6 1400 10 4.0 4.0 50
MZ4627 6.2 1200 10 5.0 5.0 45
1N4099 6.8 200 10 5.2 40 35
1N4100 7.5 200 10 5.7 40 31.8
1N4101 8.2 200 1.0 6.3 40 29.0
1N4102 8.7 200 1.0 6.7 40 27.4
1N4103 9.1 200 1.0 7.0 40 26.2
1N4104 10 200 1.0 7.6 40 24.8
1N4105 1 200 0.05 8.5 40 216
1N4106 12 200 0.05 9.2 40 20.4
1N4107 13 200 0.05 9.9 40 19.0
1N4108 14 200 0.05 10.7 40 17.5
1N4109 15 100 0.05 14 40 16.3
1N4110 16 100 0.05 12.2 40 15.4
1N4111 17 100 0.05 13.0 40 145
1N4112 18 100 0.05 13.7 40 13.2
1N4113 19 150 0.05 145 40 125
1N4114 20 150 0.01 15.2 40 19
1N4115 22 150 0.01 16.8 40 10.8
1N4116 24 150 0.01 18.3 40 9.9
1N4117 25 150 0.01 19.0 40 9.5
1N4118 27 150 0.01 205 40 8.8
1N4119 28 200 0.01 213 40 8.5
1N4120 30 200 0.01 228 40 7.9
1N4121 33 200 0.01 25.1 40 7.2
1N4122 36 200 0.01 27.4 40 6.6
1N4123 39 200 0.01 29.7 40 6.1
1N4124 43 250 0.01 32.7 40 5.5
1N4125 47 250 0.01 35.8 40 5.1
1N4126 51 300 0.01 38.8 40 4.6
1N4127 56 300 0.01 426 40 4.2
1N4128 60 400 0.01 45.6 40 4.0
1N4129 62 500 0.01 47.1 40 3.8
1N4130 68 700 0.01 51.7 40 3.5
1N4131 75 700 0.01 57.0 40 3.1
1N4132 82 800 0.01 62.4 40 29
1N4133 87 1000 0.01 66.2 40 2.7
1N4134 91 1200 0.01 69.2 40 2.6
1N4135 100 1500 0.01 76.0 40 23

NOTE 1: TOLERANCE AND VOLTAGE DESIGNATION

The type numbers shown have a standard tolerance of
+5.0% on the nominal zener voltage.

NOTE 2: ZENER IMPEDANCE (ZzT) DERIVATION

The zener impedance is derived from the 60 cycle ac volt-
age, .which results when an ac current having an rms value
equal to 10% of the dc zener current (IZT) is superimposed

onIzT.

NOTE 3: MAXIMUMZENER CURRENT RATINGS (IzZM)
Maximum zener current ratings are based on maximum

zener voltage of the individual units.

NOTE 4: REVERSE LEAKAGE CURRENT IR

Reverse leakage currents are guaranteed and are measured
at VR as shown on the table.




1N4099 thru 1N4135, MZ4614 thru MZ4627 (continued)

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 phenomenon and is .

called microplasma.noise. This microplasma noise is gener-
ally considered “white” noise with equal amplitude for all
frequenciesfromaboutzerocyclestoapproximately 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.

Motorola is rating this series with a maximum noise den-
sity at 250 microamperes. The rating of microvolts RMS
per square root cycle enables calculation of the maximum

RMS noise for any bandwidth.

Noise density decreases as zener current increases. This
can be seen 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. Thus the noise rating must indicate bandwidth,
current level and temperature. i

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.

FIGURE 1 — NOISE DENSITY MEASUREMENT METHOD

51K AMPLIFIER
+0O- m ANN j\
LOAD RESISTOR FILTER l
AMMETER fo= 2 kHz TRUE
v, rms
D.C. POWER TEST ZENER vz f1=1kHz out vors
fn =3 kHz
SUPPLY a oL
BW = 2 kHz
—© Vout

" NOISE DENSITY (VOLTS PER SQUARE ROOT CYCLE) =

OVERALL GAIN / BW

WHERE: BW = FILTER BANDWIDTH (CYCLES)
Vour = OUTPUT NOISE (VOLTS RMS)

40

FIGURE 2 — TYPICAL NOISE DENSITY versus ZENER CURRENT
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TN4099 thru 1N4135, MZ4614 thru MZ4627 (continued)

FIGURE 3 — TYPICAL CAPACITANCE FIGURE 4 — TYPICAL FORWARD CHARACTERISTICS
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1N4370 thro 184372
1N4370A o 1n4372A

For Specifications, see 1N746 Data.
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1n4387 (siLicon)

(MV1804)

CASE 44
(DO-4)

MAXIMUM RATINGS

Silicon varactor diode for high-power frequency mul-
tiplication applications.

cathode connected to stud

Rating Symbol Valve Unit
Reverse Voltage VR 150 Vdc
RF Power Input in 40 Watts
Total Device Dissipation @ Tc =175°C PD 20 Watts
Derate above 75° C 200 mW/°C
Operating and Storage Junction
Temperature Range T, T -65 to +175 °C
J’ Tstg
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted)
Characteristic Symbol Min Typ Max Unit
Reverse Breakdown Voltage BVR Vde
(Ig = 10 pAdc) 150 200 -
Series Resistance RS Ohms
(Vg = 6.0 Vdc, f = 50 MHz) - 1.0 1.5
Junction Capacitance * Crp PF
(VR=6.0 Vdc, f =1.0MHz) - 25 35
Figure of Merit Q -
(VR = 10 Vdc, f = 50 MHz) 150 200 -
FUNCTIONAL TESTS
Power Output Tripler Circuit P ¢ 15 18 - Watts
P, =30W, f =150 MHz, ou
Efficiency fout = 450 MHz n 50 60 - %
*Cp=Cy + Ce
POWER QUTPUT versus OUTPUT FREQUENCY SERIES RESISTANCE AND FIGURE OF MERIT
FOR HARMONIC TRIPLING versus REVERSE VOLTAGE
30 I 1400 14
‘ P, = 40 WATTS
25 = 1200 12
g . 1000 1.0 g
g 2 P =[ 30 WATTS \‘ é P R g
— =
3 : N~ z 80 g 08 &
S5 b—— Py = 20 WATTS < - A a
g - ' - N g o '/f f = 50 MHz 06 &
F3 | S~ e \ / a
210 = : / &
" P = 10 WATTS < 400 04 8
H A T~ Rs &
a ~ 4 o
5 200 02
0 ; i o [ 0
100 200 400 600 800 20 40 60 80 100 120 140 160 180 200

f.r» OUTPUT FREQUENCY (MHz)

Vy, REVERSE VOLTAGE (VOLTS)




1n4388 (siticon)

(MV1806)

Silicon varactor diode for high-frequency harmonic
generation applications.

CASE 44 cathode connected to stud

(DO-4)

MAXIMUM RATINGS

Rating Symbol Value Unit
Reverse Voltage VR 100 Vdc
Forward Current IF 1.0 Amp
RF Power Input Pin 25 Watts
Total Device Dissipation @ TC =175°C PD 10 Watts
Derate above 75°C 0.10 w/°C
Operating and Storage Junction
Temperature Range TJ, TStg -65 to +175 °C

ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)

Characteristic Symbol Min Typ Max | Unit
Reverse Breakdown Voltage BVR Vdc
(IR =10 pAdc) 100 150 -
Reverse Current IR nAdce
(VR = 75 vVdc) - 0.5 2.0
(Vg = 75 Vde, T, = 150°C) - - 100
Diode Capacitance Cr* pF
(VR = 6.0 Vdc, f=1.0MHz) - 10 20
(VR =90 Vdc, f =1.0MHz) - 5.0 10
Series Resistance RS Ohms
(Vg = 6.0 Vdc, f= 50 MHz) 3 12 9.0
Figure of Merit Q -
(Vg = 10 Vde, = 50 MHz) 200 300 -
(VR =90 Vdc, f = 50 MHz) 1000 - -
FUNCTIONAL TESTS
Power Output Doubler Circuit P 11.0 12.0 - Watts
. out
(Figure 1)
P, =20W, =500 MHz,
in in
Efficiency Lt = 1000 MHz n 55 60 - %
Cr=C5+Cc
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1N4388 (continued)

POWER OUTPUT versus OUTPUT FREQUENCY

2000 FIGURE OF MERIT versus REVERSE VOLTAGE » DOUBLING (X2)
I [ 1
2000} f = 50 MHz . : ! -
25 1
1000 e
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FIGURE 1 — HARMONIC DOUBLER EFFICIENCY TEST CIRCUIT
500 MHz COAX CAVITY 1000 MHz COAX CAVITY
r T/t
500 MHz o——-|—|( * + * * o 1000 MHz
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| |
! 05-12pF
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1N4549 ihro 1n4556
1N4557 o 1n4564

For Specifications, See IN2804 Data
1n4565-1n4584
1v4775-1n4784
1v4765- 14774

Low level temperature-compensated zener reference
diodes—highly reliable reference sources utilizing an
oxide-passivated junction for long-term voltage stability.
RamRod construction provides a rugged, glass-enclosed,
hermetically sealed structure.

CASE 51
(DO-7)

MAXIMUM RATINGS

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

DC Power Dissipation: 400 Milliwatts at 50°C Ambient
(Derate 3.2 mW/°C Above 50°C)

MECHANICAL CHARACTERISTICS

CASE: Hermetically sealed, all-glass
DIMENSIONS: See outline drawing.

FINISH: All external surfaces are corrosion resistant and leads are readily solderable and
weldable.

POLARITY: Cathode indicated by polarity band.
WEIGHT: 0.2 Gram (approx)
MOUNTING POSITION: Any
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1N4565-1N4584/1N4775-1N4784/1N4765-1N4774 (continued)

AVz Test Temperature Dynamic AVz @ Test Temperature Dynamic
(Note 1) Temperature Coefficient Imped. (Note 1) Temperature Coefficient Imped.
Volts for Reference Ohms Volts for Reference Ohms
TYPE Max °c 9%/°C Max TYPE Max °¢ . %/°C Max
(Note 1) (Note 2) (Note 1) (Note 2)
Vz = 8.5 Volts +5% (Izr = 0.5 mA)
1N4775 0.064 0.01
Vz = 6.4 Volts 5% (Izr = 0.5 mA) 1N4TT8 0032 0.005
1N4565 0.048 0.01 1N4777 0.013 0, +25, 0.002 200
1N4566 0.024 0.005 1N4778 0.006 +75 0.001
1N4567 0.010 0, 425, 0.002 200 1N4779 0.003 0.0005
sea 0005 w5t | oo e o w01
. - 1N4776A 0.066 —55,0, 0.005
1N4565A 0.099 0.01 1N4TTIA 0.026 +25, 475, 0.002 200
1N4566A 0.050 —55,0, 0.005 1N4778A 0.013 +100 0.001
1N4567A 0.020 +25, +75, 0.002 200 1N4779A 0.007 0.0005
1N4568A 0.010 +100 0.001
1N4569A 0.005 0.0005 Vz = 8.5 Volts =5% (Izr = 1.0 mA)
Vz = 6.4 Volts 5% (Izr = 1.0 mA) 1N4780 0.064 0.01
1N4781 0.032 0.005
1N4570 0.048 o.01 1N4782 0.013 0, +25, 0.002 100
N4ST1 0.024 0.005 1N4783 0.006 +75 0.001
1N4572 0.010 0, 425, 0.002 100 1N4784 0.003 0.0005
1N4573 0.005 +75 0.001
1N4s74 0.002 0.0005 1N4780A 0.132 0.01
1N4781A 0.066 —55,0, 0.005
1N4570A 0.099 0.01 1N47824 0.026 425, 475, 0.002 100
1N4571A 0.050 —55,0, 0.005 1N4783A 0.013 +100 0.001
1N45728 0.020 +25, +75, 0.002 100
1N4784A 0.007 0.0005
1N4573A 0.010 +100 0.001
1N4574A 0.008 0.0005 Vz = 9.1 Volts £5% (lzv = 0.5 mh)
Vz = 6.4 Volts +5% (Izr = 2.0 mA
: il ) 1N4765 0.068 0.01
1N4575 0.048 0.01 1N4766 0.034 0.005
1N4576 0.024 0.005 1N4767 0.014 0, +25, 0.002 350
1N4s77 0.010 0, 425, 0.002 50 1N4768 0.007 +75 0.001
1N4578 0.005 +75 0.001 1N4769 0.003 0.0005
TNasT9 0.002 0.0005 1N4765A 0.141 0.01
1N4575A 0.099 0.01 1N4766A 0.070 —55,0, 0.005
1N4576A 0.050 —55,0, 0.005 1N4767A 0.028 425, 475, 0.002 350
1N4577A 0.020 +25, +75, 0.002 50 1N4768A 0.014 +100 0.001
1N4578A 0.010 +100 0.001 1N4769A 0.007 0.0005
1N4579A 0.005 0.0005
- & =1
V2 = 6.4 Voits =5% {1z = 4.0 mA) Vz = 9.1 Volts £5% (Izr = 1.0 mA)
1N4580 0.048 0.01 1N4770 0.068 0.01
1N4581 0.024 0.005 14771 0.034 0.005
1N4582 0.010 0, 425, 0.002 25 1N4772 0.014 0, +25, 0.002 200
1N4583 0.005 75 0.001 1N4773 0.007 +75 0.001
1N4584 0.002 0.0005 1N4774 0.003 0.0005
1N4580A 0.099 0.01 1N4770A 0.141 0.01
1N4581A 0.050 —55,0, 0.005 1N4TT1A 0.070 —55,0, 0.005
1N45824 0.020 +25, +75, 0.002 25 1N47724 0.028 +25, 475, 0.002 200
1N4583A 0.010 100 0.001 1N47738 0.014 +100 0.001
1N4584A 0.005 0.0005 1N47748 0.007 0.0005
NOTE 1: NOTE 2:

Voltage Variation (aVz) and Temperature Coefficient.

All reference diodes are characterized by the ““box method’’. This
guarantees a maximum voltage variation (aVz) over the specified
temperature range, at the specified test current (Iz7), verified by
tests at indicated temperature points within the range. This method
of indicating voltage stability is now used for JEDEC registration as
well as for military qualification. The former method of indicating
voltage stability — by means of temperature coefficient — accurately
reflects the voltage deviation at the temperature extremes, but is not
necessarily accurate within the temperature range because reference
diodes have a nonlinear témperature relationship. The temperature
coefficient, therefore, is given only as a reference.

The dynamic zener impedance, ZzT, is derived from the 60-Hz ac
voltage drop which results when an ac current with an rms value
equal to 10% of the dc zener current, I 2T, is superimposed on IzT.
A cathode-ray tube curve-trace test on a sample basis is used to en-
sure that the zener has a sharp and stable knee region.
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IN4719 thro 1N4725 (siLIcON)
1N4997 thre IN5003

MR1030 thru MR1036, MR1038, MR1040

L

CASE 60 CASE 70
1N4719 THRU 1N4725 1N4997 thru 1N500
MR1030A THRU MR1040A MR1030B Tr:-,mu MR?O«;OB

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. IN4719R

MAXIMUM RATINGS (Both Package Types) T = 25°C unless otherwise noted

al%e |a720 |42 4T 4723 | a72s | 4725
Rating Symbol | R wr | = AR Unit

M MR [ MR | MR | MR
1030 | 1031|1032 [ 1033 | 1034|1035 | 1036 | 1038 | 1040

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-re
(one half-wave, single phase, (non-rep) 100 | 200 | 300 | 400 | 500 | 600 | 720 |[1000|1200 Volts

60 cycle peak)

RMS Reverse Voltage Vr 35 | 70 | 140 | 210 | 280 | 350 | 420 | 560 | 700 Volts

Average Rectified Forward Current I
(single phase, resistive load, 3.0 Amp
60 cps, T, = 75°C) see figure 4

Peak Repetitive Forward Current IFM (rep)

(TA = 7500) 25 Amp
Non-Repetitive Peak Surge Current | Ipy (surge)
(superimposed on rated current
at rated voltage, T4 = 759C) 300 (for 1/2 cycle) Amp
see figure 1
lzt Rating (non-repetitive, 2t 185 A(rms) 29
1 msec <t <8.3 msec)
Operating and Case Temperature Ty Tstg -65to + 175 oc
Thermal Resistance 2N 30 oc/watt
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1N4719 thru TN4725 (Continued)

ELECTRICAL CHARACTERISTICS

Pt (av)» AVERAGE FORWARD POWER (WATTS)

CYCLES AT 60 CYCLES PER SECOND

MAXIMUM FORWARD POWER

DISSIPATION versus AVERAGE FORWARD CURRENT

T T T
T, =150°C 10 175°C

I /Yavﬁ ,/
60 //

/,

/%

3 7z
2 V&4
WA
/ P

It (ev1» AVERAGE FORWARD CURRENT (AMP)

Characteristic Symbol | Max Limit Unit
Full Cycle Average Forward Voltage Drop Vp( AV) Volts
(Iop = 3.0 Amps and Rated Vp, 0.45
Tp = 175°C, Half Wave Rectifier)
DC Forward Voltage Drop Vg Volts
(Ip = 3.0 Ade, T, = 25°C) 0.9
Full Cycle Average Reverse Current IR( AV) mA
(I = 3.0 Amps and Rated V,, 1.5
Ta = 175°C, Half Wave Rectifier)
DC Reverse Current Ig mA
(Rated Vg, T, '= 25°C) 0.5
MAXIMUM SURGE CURRENT T, = 75°C)

:_; 400

T ~

3

& = 300

g & e

o

£33 H—

5y —

2 = 100 ]
2 ‘{
£5 ]
H 0
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ir, INSTANTANEOUS FORWARD CURRENT (AMP)

400

200

100
80
60

40

20

10
8.0
6.0

4.0

2.0

10
0.8
0.6

04

0.2

FORWARD VOLTAGE CHARACTERISTICS
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Ve, INSTANTANEOUS FORWARD VOLTAGE (VOLTS)

MAXIMUM FORWARD CURRENT versus AMBIENT TEMPERATURE
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1N4728 s 184764 siLicon)
'|Ml l OZSI 0 thru IMZOOZSI 0

1.0 WATT SURMETIC 30 SILICON ZENER DIODES

. a complete series of 1.0 Watt Zener Diodes with limits and
operating characteristics that reflect the superior capabilities of
silicon-oxide-passivated junctions. All this in an axial-lead, transfer-
molded plastic package offering protection in all common environ-
mental conditions.

® To 80 Watts Surge Rating @ 1.0 ms

® Maximum Limits Guaranteed on Six Electrical Parameters

® Package No Larger Than the Conventional 400 mW Package
Designer’s Data for ""Worst Case’’ Conditions

The Designers Data sheets permit the design of most circuits entirely from the in-

formation presented. Limit curves — representing boundaries on device characteris-
tics — are given to facilitate “‘worst case’’ design.

T.OWATT
ZENER REGULATOR DIODES

3.3-200 VOLTS

MAXIMUM RATINGS

Rating Symbol Value Unit
*DC Power Dissipation @ T =50°C Pp 1.0 Watt
Derate above 50°C 6.67 mW/°C
DC Power Dissipation @ T)_= 75°C Pp 3.0 Watts
Lead Length = 3/8"
Derate above 75°C 24 mwW/°C
*Operating and Storage Junction Ty Tstg -65 to +200 oc
Temperature Range

MECHANICAL CHARACTERISTICS

CASE: void-free, transfer-molded, thermosetting plastic

FINISH: Al external surfaces are corrosion resistant and leads are readily solderable
and weldable

POLARITY: cathode indicated by polarity band. When operated in zener mode, cathode
will be positive with respect to anode

MOUNTING POSITION: Any
WEIGHT: 0.4 gram (approx)

FIGURE 1 — POWER-TEMPERATURE DERATING CURVE
5.0

N R
0 N
w0 ‘\‘ L=1/8" \

SN
i, ~_ BN

Pp, MAXIMUM POWER DISSIPATION (WATTS)

0 20 40 80 80 100 120 140 160 180 200
TL, LEAD TEMPERATURE (°C)

0.100
"I LUI_EW DIA

o=
=
Sz
SR

POLARITY MARK
{CATHODE)

To convert inches to millimeters multiply by 25.4
All JEDEC dimensions and notes apply

CASE 59
DO-41

*Indicates JEDEC Registered Data
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1N4728 thru 1N4764 (continued)
1M110ZS10 thru 1M200ZS10

ELECTRICAL CHARACTERISTICS (Ta =25°C unless otherwise noted) *VE = 1.5 V max, |g = 200 mA for all types

*Nominal *Max Zener Impedance *Leakage *Surge
Zener Voltage *Test (Note 4) Current Current
JEDEC Motorola vze@izr Current @Ta = 25°C
Type No.: Type No. Volts Izt 221 @121 | 22 @12 | 2K R VR | ig—mA
(Note 1) (Note 2) (Note 2 & 3) - mA . Ohms Ohms ‘mA pA Max @ Volts | (Note 5)
1N4728 1M3.32510 3.3 .76 T 400 1.0 100 1.0 | - 1880 -
1N4729 1M3.6Zs10 3.6 69 10 400 1.0 100 1.0 1260
1N4730 1M3.9Zs10 3.9 64 9.0 400 1.0 50 1.0 1190
1N4731 1mM4.32s10 | 43 58 9.0 400 1.0 10 1.0 “1070
1N4732 1M4.7Zs10 4.7 53 8.0 500 1.0 10 1.0 970
1N4733 1MS5.12810 ‘ 5.1 49 7.0 650 1.0 10 1.0 890
1N4734 1M5.62S10 5.6 - 45 © 5.0 600 1.0 10 2.0 810
1N4735 1M6.2ZS10 6.2 41 2.0 700 1.0 10 3.0, 730
1N4736 1M6.8ZS10 6.8 37 3.5 700 1.0 10 4.0 660
1N4737 1M7.6Z2S10 7.5 34 4.0 700 0.5 10 5.0 605
1N4738 1M8.2Z510 8.2 31 4.5 700 0.5 10 6.0 550
1N4739 1M8.1ZS10 9.1 28 5.0 700 0.5 10 7.0 500
1N4740 1M102s10 10 25 7.0 700 0.25 10 7.6 454
1N4741 iM11zZs10 1 23 8.0 700 0.25 5.0 8.4 414
1N4742 1M12zs10 12 21 9.0 700 0.25 5.0 9.1 . 380
1N4743 1M13zs10 13 19 10 700 0.25 5.0 9.9 344
1N4744 1M15ZS10 15 17 14 700 0.25 5.0 1.4 304
1N4745 1M16Z2s10 16 15.5 16 700 0.26 5.0 12.2 285
1N4746 1M182s10 18 14 20 750 0.25 5.0 13.7 250
1N4747 1M20zs10 20 12,5 22 750 0.26 5.0 15.2 225
1N4748 1M22Z2s10 . 22 115 23 750 0.25 5.0 16.7 | 205
1N4749 1M24Zs10 24 10.5 25 750 0.25 5.0 18.2 190
1N4750 1M272s10 27 9.5 35 750 0.25 5.0 20.6 170
1N4751 1M302s10 30 8.5 40 1000 0.25 5.0 228 150
1N4752 1M332s10 33 7.5 45 1000 0.25 5,0 25.1 135
1N4753 1M362ZS10 36 7.0 50 1000 0.25 5.0 27.4 126
1N4754 1M392s10 39 . 6.5 60 1000 0.25 5.0 29.7 115
1N4755 1M43z2s10 43 6.0 70 1500 0.25 5.0 32.7 . 110
“1N4756 1M472s10 47 5.5 80 1500 0.26 5.0 35.8 95
1N4757 1M512s10 51 5.0 95 1500 0.25 5.0 38.8 ‘90
1N4758 1M562S10 56 . 4.5 110 - 2000 0.25 5.0 42.6 80
1N4759 1M622s10 62 40 1256 2000 0.26 5.0° 47.1 70
1N4760 1M68ZS10 68 3.7 150 2000 0.25 5.0 51.7 65
1N4761 1M75Zs10 75 | 33 178 2000 0.25 5.0 56.0 60
1N4762 1mM82Zs10 82 3.0 200 3000 0.25 5.0 62.2 55
1N4763 1M91ZS10 91 . 2.8 250 3000 0.25 5.0 69.2 50
1N4764 1M1002s10 100 25 350 3000 0.25 5.0 76.0 45
- 1M110ZS10 110 23 450 4000 0.25 5.0 83.6 —
- 1M1202s10 120 2.0 550 4500 0.25 5.0 91.2 -
- 1M130Zs10 130 1.9 700 5000 0.25 5.0 98.8 -
- 1M150ZS10 150 . 1.7 1000 6000 0.26. 5.0 114.0 -
- 1M160ZS10 160 1.6 1100 6500 0.25 5.0 121.6 -
- 1M180ZS10 180 1.4 1200 7000 0.26 5.0 136.8 -
- 1M200ZS10 200 1.2 1500 8000 0.25 5.0 152.0. -
*Indi JEDEC Registered Data
NOTE 1 — TOLERANCE AND TYPE NUMBER DESIGNATION
The JEDEC type numbers listed have a standard tolerance on (B) MATCHED SETS: (Standard Tolerances are +5.0%, +3.0%,
the nominal zener voltage of +10%. A standard tolerance of +5% +2.0%, £1.0%).
on individual units is also available and is indicated by suffixing
“A’ to the standard type number. Zener diodes can be obtained in sets consisting of two
or more matched devices. The method for specifying such
NOTE 2 — SPECIALS AVAILABLE INCLUDE: - matched sets is similar to the one described in (A), except
. that two extra suffixes are added to the code number
(A) NOMINAL ZENER VOLTAGES BETWEEN THE VOLT- described.
AGES SHOWN AND TIGHTER VOLTAGE TOLER- . . . . .
ANCES: To designate units with zener voltages other These units are marked with code letters to identify the
than those assigned JEDEC numbers and/or tight voltage matched sets and, in addition, each unit in a set is marked
tolerances (+5%, +3%, +2%, +1%), the Motorola type with the same serial number, which is different for each set
number should be used. being ordered.
Devi S 3 1 M 5 1
evice T |
Description —T Tolerance De]::e . T . 51 Volts s Overall
: . P otorola urrnetlc
(+%) Description (each device) Tolerance
of set
. +1%.
Motorola  Nominal Surmetic “Code: r‘z‘:::' (%)
Voltage B — Two devices in series todes
Zener C — Three devices in series Tolerance A 3"?3 sed)
Diode D — Four devices in series per device (+5%) ot u
(omit for +20% units)
Example:  1M902S3 Example: 1M512ZS58B1
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1N4728 thru 1N4764 (continued)
1M110ZS10 thru 1TM200Z2S10

(C) ZENER CLIPPERS: (Standard Tolerance +10% and +5%).

Special clipper diodes with opposing Zener junctions built
into the device are available by using the following nomen-
clature:

Z s 10

Surmetic
Device Nommal T

Description Voltage Clipper

Zener

Motorola N
Diode

Tolerance for each of
the two Zener voltages
(not a matching require-
ment) —

Example: 1M2022510

NOTE 3 — ZENER VOLTAGE (Vz) MEASUREMENT

Motorola guarantees the zener voltage when measured at 90
seconds while maintaining the lead température (T ) at 30°C + 1°C,
3/8" from the diode body.

NOTE 4 — ZENER IMPEDANCE (Zz) DERIVATION

The zener impedance is derived from the 60 cycle ac voltage,
which results when an ac current having an rms value equal to 10%
of the dc zener current (I zT or I zk) is superimposed on Iz or I 7K.

NOTE 5 — SURGE CURRENT (i) NON-REPETITIVE

The rating listed in the electrical characteristics table is maxi-
mum peak, non-repetitive, reverse surge current of 1/2 square wave
or equivalent sine wave pulse of 1/120 second duration super-
imposed on the test current, | 2T, per JEDEC registration, however,
actual device capability is as described in Figures 4 and 5.

APPLICATION NOTE

Since the actual voltage available from a given zener diode is
temperature dependent, it is necessary to determine junction tem-
perature under any set of operating conditions in order to calculate
its.value. The following procedure is recommended:

Lead Temperature, T, should be determined from:
TL=0LAPD+TA

0 a is the lead-to-ambient thermal resistance (°C/W) and
Pp is the power dissipation. The value for 8 o will vary
and depends on the device mounting method. 8 A is gen-
erally 30-40°C/W for the various clips and tie points in
common use and for printed circuit board wiring.

The temperature of the lead can also be measured using a thermo-
couple placed on the lead as close as possible to the tie point. The
thermal mass connected to the tie point is normally large enough
so that it will not significantly respond to heat surges generated in
the diode as a result of pulsed operation once steady-state condi-
tions are achieved. Using the measured value of T, the junction
temperature may be determined by:

Ty=TL+ATyL

AT is the increase in junction temperature above the lead
temperature and may be found from Figure 2 for a train of
power pulses (L = 3/8 inch) or from Figure 3 for dc power.

ATy =0y Pp

For worst-case design, using expected limits of |z, limits of P
and the extremes of T (AT j) may be estimated. Changes in voltage,
Vz, can then be found from:

AV = 0yz ATy

6y z. the zener voltage temperature coefficient, is found from
Figures 6 and 7.

Under high power-puise operation, the zener voltage will vary
with time and may also be affected significantly by the zener resist-
ance. For best regulation, keep current excursions as low as possible.

Data of Figure 2 should not be used to compute surge capability.
Surge limitations are given in Figure 4. They are lower than would
be exp d by idering only j temperature, as current
crowding effects cause temperatures to be extremely high in small
spots resulting in device degradation should the limits of Figure 4
be exceeded.
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1N4728 thru 1N4764 (continued)
TM110ZS10 thru 1IM200ZS10

041, JUNCTION-TO-LEAD THERMAL RESISTANCE (0C/W) 6JL(t,D) TRANSIENT THERMAL RESISTANCE

NORMALIZED SURGE POWER FACTOR

FIGURE 2 — TYPICAL THERMAL RESPONSE, LEAD LENGTH L=3/8 INCH
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1N4728 thru TN4764 (continued)
1M110ZS10 thru 1M200Z2S10

TEMPERATURE COEFFICIENTS AND VOLTAGE REGULATION
(90% OF THE UNITS ARE IN THE RANGES INDICATED)

6Vz, TEMPERATURE COEFFICIENT (mv/oC)@ IzT

FIGURE 6 — TEMPERATURE COEFFICIENT-RANGE FIGURE 7 — TEMPERATURE COEFFICIENT-RANGE
FOR UNITS TO 12 VOLTS FOR UNITS 10 TO 200 VOLTS
-
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FIGURE 8 — VOLTAGE REGULATION
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FIGURE 9 — MAXIMUM REVERSE LEAKAGE
(95% OF THE UNITS ARE BELOW THE VALUES SHOWN)
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N7 65 o 1WATT4
G775 o 1n4784

For Specifications, See 1N4565 Data.

thru

thﬂl * @ Low Power Drain

N 4932 . A ond 7.5mA

, LOW NOISE
.1N4896, A . TEMPERATURE-COMPENSATED

ZENER REFERENCE DIODES

l" 4916, A ® | ow Noise Density Specified for Critical Applications

l" 4915 A : Highly reliable reference sources utilizing an oxide-passivated junc-
y v . tion for long-term voltage stability. RamRod construction provtdes
12.8 V £ 5.0% a rugged glass-enclosed, hermetically sealed structure.

Devices Specified @ 0.5 mA, 1.0 mA, 2.0 mA, 4.0 mA,

® Maximum Voltage Change Specified over Test Temperature Range

19.2V £5.0% ® Temperature Compensation Guaranteed over Two Standard Oper-
ating Temperature Ranges:
+25 to +100°C
-55to +100°C
MAXIMUM RATINGS ,
Junction and Storage Temperature: -65°C to +175°C
DC Power Dissipation: 400 Milliwatts at 50°C Ambient
(Derate 3.2 mW/°C Above 50°C)
—<$—
— 32 g
L~ 0018 o
1.00 MIN
MECHANICAL CHARACTERISTICS
CASE:  Hermetically sealed, all-glass
DIMENSIONS: See outline drawing. ‘ o f
. 0.300 MAX
FINISH: All external surfaces are corrosion resistant and leads are readily cnnoo[—/ i
solderable and weldable. . ’
POLARITY: Cathode indicated by polarity band.
WEIGHT: 0.2 Gram (approx) 100 MIN
MOUNTING POSITION: Any
CASE 51
DO-7
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1N4896, A thru TN4915A, TN4916, thru TN4932, A (continued)

Dynamic
Temp. Coeff. Imped.
avz for Ref. Ohms
Type Volts %/°C Max
Number {Note 1) {Note 1) (Note 2)
v
127 =05mA "Np = 0.8
'Hz
1N4896 0.096 0.01
1N4BIEA 0.198 0.01
1N4897 0.048 0.005
1N4B97A 0.099 0.006
1N4898 0.019 0.002 400
1N4B9BA 0.040 0.002
1N4899 0.010 0.001
1N4899A 0.020 0.001
Hv
121=1.0mA *Np = 0.4 —
JH:
1N4900 0.096 0.01
1N49S00A 0.198 0.01
1N4901 0.048 0.005
1N4901A 0.099 0.005
1N4902 0.019 0.002 200
= 1N4902A 0.040 0.002
Vz=128V || \ie03 0.010 0.001
1N4903A 0.020 0.001
121 =2.0mA *Np =0.25 ad
TEMPERATURE 27 =20mA No =02
RANGE: 2
1N4904 0.096 0.01
STANDARD 1N4904A 0.198 0.01
DEVICES 1N4905 0.048 0.005
+25 4 +100°C 1N4905A 0.099 0.005
25,475, +1 1N4906 0.019 0.002 100
1N4906A 0.040 0.002
viner 1N4907 0.010 0.001
‘A" SUFFIX 1N4907A 0.020 0.001
-55, 0 + 25, uv
+75, +100°C 127 =4.0mA *Np = 0.22—
‘ ./Mz
1N4908 0.096 0.01
1N4908A 0.198 0.01
1N4909 0.048 0.005
1N4909A 0.099 0.005
1N4910 0.019 0.002 50
1N4910A 0.040 0.002
1N4911 0.010 0.001
1N4911A 0.020 0.001
my
I27=75mA *Np = 0.20 —
A ’Hl
1N4912 0.096 0.01
1N4912A 0.198 0.01
1N4913 0.048 0.005
1N4913A 0.099 0.005
1N4914 0.019 0.002 25
1N4914A 0.040 0.002
1N4915 0.010 0.001
1N4915A 0.020 0.001
NOTE 1:
Voltage Variation (AV2) and Temperature Coefficient.
All reference diodes are characterized by the “box method’’. This
guarantees a maximum voltage variation (AVz) over the specified
temperature range, at the specified test current (lzT), verified by
tests at indicated temperature points within the range. Vz is meas-
ured and recorded at each temperature specified. The AV between
the highest and lowest values must not exceed the max AV 2 given.
This method of indicating voltage stability is now used for JEDEC
registration as well as for military qualification. The former method
of indicating voltage stability — by means of temperature coefficient —
accurately reflects the voltage deviation at the temperature ex-
tremes, but is not necessarily accurate within the temperature range
because reference diodes have a nonlinear temperature relationship.
The temperature coefficient, therefore, is given only as a reference.
NOTE 2: Zener Impedance Derivation
The dynamic zener impedance, ZzT, is derived from the 60-Hz ac
voltage drop which resuits when an ac current with an rms value
equal to 10% of the dc zener current, I zT, is superimposed on lzT.
A cathode-ray tube curve-trace test on a sample basis is used to en-
sure that the zener has a sharp and stable knee region.

Dynamic
Temp. Coeff. Imped.
avgz for Ref. Ohms
Type Volts %/°C Max
Number (Note 1) (Note 1) (Note 2)
uv
17 =05mA *Np = 1.0 —
»JH:
1N4916 0.144 0.01
1N4916A 0.208 0.01
1N4917 0.072 0.005
1N4917A | 0.149 0.005 600
1N4918 0.029 0.002
1N4918A 0.060 0.002
uv
12r=1.0mA *Np = 0.5 —
JHz
1N4919 0.144 0.01
1N4919A 0.208 0.01
1N4920 0.072 0.005
1N4920A | 0.149 0.005 300
1N4921 0.029 0.002
Vz =19.2V 1N4g21A 0.060 0.002
v
17 = 2.0mA *Np = 0.25 -~
TEMPERATURE ,\lm
RANGE:
1N4922 0.144 0.01
STANDARD 1N4922A 0.208 0.01
DEVICES 1N4923 0.072 0,005
1N4923A 0.149 0.005 150
+25, 475, +100°C 1N4924 0.029 0.002
1N4924A 0.060 0.002
“A" SUFFIX
A\
ey ';""25' 127 = 4.0 mA *Np = 0.22 \/_“__
’ Hz
1N4926 0.144 0.01
1N4925A 0.298 0.01
1N4926 0.072 0.005
1N4926A 0.149 0.005
1N4927 0.029 0.002 7%
1N4927A 0.060 0.002
1N4928 0.014 0.001
1N4928A 0.030 0.001
m
127 =75mA *Np = 0.20 —
JHz
1N4929 0.144 0.01
1N4929A | 0.298 0.01
1N4930 0.072 0.005
1N4930A 0.149 0.005 36
1N4931 0.029 0.002
1N4931A 0.060 0.002
1N4932 0.014 0.001
1N4932A 0.030 0.001

*NOISE DENSITY MEASUREMENT METHOD

Load

Amplifi
Ammeter Resistor mplifier
. o—O—w»——
Filt —T True
Test ‘g Hter RMS
Dé: Po\:ver Zener # Vz fo=2.0kHz | Vour Volt
upply ‘ BW = 1.4 kHz ¢ Meter
- o .

Noise Density
(Volts per Square Root Bandwidth) =

Vout

Overall Gain BW

= Filter Bandwidth (Hz)
Output Noise (Volts RMS)

Where BW
Vout

The input voltage and load resistance are high so that the zener diode
is driven from a urrent source. The lifier is low noise
so that the amplifier noise is negligible compared to that of the test
TC zener. The filter bandpass is known so that the noise density
can be calculated from the formula shown.
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1 N4933 thru IN4937
MR2271

Designers Data Sheet

FAST RECOVERY

" SUBMINIATURE SIZE, AXIAL LEAD MOUNTED POWER RECTIFIERS

FAST RECOVERY POWER RECTIFIERS | 50-600 VOLTS
1 AMPERE

. . . designed for special applications such as dc power supplies,
inverters, converters, ultrasonic systems, choppers, low RF interfer-

ence and free wheeling diodes. A complete line of fast recovery

rectifiers having typical recovery time of 100 nanoseconds providing
high efficiency at frequencies to 250 kHz.

0.100
_" L‘o.uﬂ oiA

Designer’s Data for ““Worst Case’” Conditions
The Designers Data Sheet permits the design of most circuits entirely from the
information presented. Limit curves — representing device characteristics boundaries — 110 —= g—g—%?
are given to facilitate ‘‘worst case’’ design. - MIN
0.185
0205
*MAXIMUM RATINGS POLARITY MARK
Rating Symbol | 1N4933| 1N4934| 1N4935 [ MR2271] 1N4936| 1N4937| uUnit (CATHODE)
Peak Repetitive Reverse Voltage VRRM Volts
Working Peak Reverse Voltage VRwM 50 100 200 300 400 600
DC Blocking Voltage VR o
Non-Repetitive Peak Reverse Voitage VRSM 7% 150 250 350 450 650 | Voits N
RMS Reverse Voltage Vr(rms)| 35 70 140 210 280 420 | Volts
Average Rectified Forward Current o 10 Amp
{Single phase, resistive load,
Ta = 75°C)
Non-Repetitive Peak Surge Current IEsm 30 Amps
(surge applied at rated load )
conditions)
Il ECd ons and notes app!
Operating Junction Temperature Range Ty -85 to +150 °c All JEDEC dimensi i
Storage Temperature Range Tog 65 t0 +175 oc CASE 59
“THERMAL CHARACTERISTICS Do-41
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Ambient Rguc . 65 oc/w
(Typical Printed Circuit
Board Mounting)
*ELECTRICAL CHARACTERISTICS
Characteristic Symbol Min Typ Max | Unit
*Instantaneous Forward Voltage VE - 10 12 Volts
(If =3.14 Amp, T s = 150°C)
Forward Voltage VE - 1.0 11 Volts
(IF = 1.0 Amp, Ta = 25°C) MECHANICAL CHARACTERISTICS
*Reverse Current (rated dc voltage) T = 25°C [ - 10 50 HA .
20% TA To0°C R - 100 CASE: Void Free, Transfer Molded
A -
FINISH: External leads are goid
*REVERSE RECOVERY CHARACTERISTICS lated, leads are 'ezz“y
Characteristic Symbol | Min | Typ | Max | Unit P d ,ble
Reverse Recovery Time trr - 100 200 ns soldera L
(Ig = 1.0 Amp to VR = 30 Vdc) (Figure 21) POLARITY: Cathode indicated by
(IEM = 15 Amp, di/dt = 10 A/us) (Figure'22) - 150 300 Polarity band.
Reverse Recovery Current IAM(REC) | — 10 20 Amp . i
(I = 10 Amp 1o Vgt = 30 Vd) (Figure 21) WEIGHT: 0.4 Gram (Approximately)

*indicates JEDEC Registered Data for TN4933 Series .
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TN4933 thru 1N4937, MR2271 (continued)

iF, INSTANTANEOUS FORWARD CURRENT (AMP)

PF(AV), AVERAGE FORWARD
POWER DISSIPATION (WATTS)
&

FIGURE 1 — FORWARD VOLTAGE
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1N4933 thru 1N4937, MR2271 (continued)

IF(AV), AVERAGE FORWARD

IF(Av), AVERAGE FORWARD CURRENT (AMP) IF(AV). AVERAGE FORWARD CURRENT (AMP)

CURRENT (AMP)

MAXIMUM CURRENT RATINGS

SINE WAVE INPUT

FIGURE 6 — EFFECT OF LEAD LENGTHS,
RESISTIVE LOAD
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FIGURE 8 — 1/8" LEAD LENGTH, VARIOUS LOADS
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FIGURE 10 — PRINTED CIRCUIT BOARD MOUNTING,
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SQUARE WAVE INPUT

FIGURE 7 — EFFECT OF LEAD LENGTHS,
RESISTIVE LOAD
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TN4933 thru 1N4937, MR2271 (continued)

FIGURE 12 — THERMAL RESPONSE
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FIGURE 13 — THERMAL RESISTANCE
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NOTE 1 NOTE 2
1 Ppk Ppk DUTY CYCLE, 0 = Data shown for thermal resistance junction-to-ambient (6 a) for the
PEAK Powén H tp/th § mountings shown is to be used as typical guideline values for preliminary
tp k. 1s peak of an engineering or in case the tie point temperature cannot be measured.
equivalent square power pulse.
- TIME TYPICAL VALUES FOR 644 IN STILL AIR
o L . LEAD LENGTH, L (IN)
To junction of the diode in a given situation, MOUNTING
the following procedure is recommended: METHOD | 1/8 | 174 | 1/2 | 3/4 |ResA
1 65 | 72 | 82 | 92 [C/W
The temperature of the case should be measured using a thermocouple placed 2 74 | 81 | 91 [ 101 [°Cc/w
on the case at the temperature reference point (see Note 3). The thermal mass 3 40 oc/w

connected to the case is normally large enough so that it will not significantly
respond to heat surges generated in the diode as a result of pulsed operation once
steady-state conditionsare achieved. Using the measured value of Tg, the junction
temperature may be determined by:
Ty=Te+aTy

where & T is the increase in junction temperature above the case temperature.
It may be determined by:

ATyC =Ppk “RJC (D +(1-D) - rltq +tp) +rltp) = ritq)]
where

r(t) = normalized value of transient thermal resistance at time, t, from Figure

, i.e.0
7 (t1 + tp) = normalized value of transient thermal resistance at time t+ tp

MOUNTING METHOD 1 MOUNTING METHOD 3

}~£—l l-L—-1 P. C. Board with

1-1/2" x 1-1/2" copper surface

L=3/8"
MOUNTING METHOD 2 -
L i

Vector pin mounting Board Ground
Plane

FIGURE 14 — THERMAL CIRCUIT MODEL
(For Heat Conduction Through The Leads)

RosSA

TLA TLK

l

—TAA TAK_‘;

sink. Terms in the model signify:

Use of the above model permits junction to lead thermal resistance for any
mounting configuration to be found. For agiven total lead length, lowest values
occur when one side of the rectifier is brought as close as possible to the heat

TA = Ambient Temperature Rgg = Thermal Resistance, Heat Sink to Ambient
TL = Lead Temperature Rg = Thermal Resistance, Lead to Heat Sink
Tc = Case Temperature Rgy = Thermal Resistance, Junction to Case
Ty = Junction Temperature Pp = Power Dissipation
(Subscripts A and K refer to anode and cathode sides respectively.)
Values for thermal resistance components are:
Rg = 112°C/W/IN. Typically and 128°C/W/IN Maximum
Rgy = 18°C/W Typically and 30°C/W Maximum

The maximum lead temperature may be calculated as follows:

TL=150° —aTy

ATy can be calculated as shown in NOTE 1 or it may be approximated
as follows:

ATy FRg L @ Pr; P may be formulated for sine-wave operation from
Figure 3 or from Figure 4 for square-wave operation.




T1N4933 thru TN4937, MR2271 (continued)

TYPICAL DYNAMIC CHARACTERISTICS

FIGURE 15 — FORWARD RECOVERY

TIME FIGURE 16 — JUNCTION CAPACITANCE
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TN4933 thru 1N4937, MR2271 (continued)

RECOVERY TIME

FIGURE 21 — REVERSE RECOVERY
CIRCUIT

NOTE 3

O— VWA ‘-;v‘ BALE
10k i e
115 Vac
g0Hz W 3Q

50w
NON-INDUCTIVE
UNIT

C.P.CLARE

1.0 Ade FROM
HPG 1002 1 AMP CONSTANT
5'-&‘&0 R2 VOLTAGE SUPPLY

) :':OS}N RIPPLE = 3 mVrms MAX
° 3 o
30 Vde 1 NON-INDUCTIVE | €1 +

CONSTANT VOLTAGE < 1.04F 1.0uF 2

SuPpLY _+ 300 v 300 v -

o
MINIMIZE ALL LEAD LENGTHS Zout = 1% 2MAX,

DC to 2 kHz
A~ TEKTRONIX 545A, K PLUG IN
. R2 - TEN-1W, 10 ©2, 1% CARBON CORE
PRE-AMP, P6000 PROBE OR EQUIVALENT IN PARALLEL
A1~ ADJUSTED FOR 1.4 Q2 BETWEEN o
POINT 2 OF RELAY AND RECTIFIER Ta=25_°C FOR RECTIFIER
INDUCTANCE = 38 uH
FIGURE 22 — JEDEC REVERSE RECOVERY
CIRCUIT
Rl
b ¥l
di/dt ADJUST
1
T2
120 VAC c1ld.
60 Hz | . 7! _ pK) ADJUST ouT @)
11 alr 0
'
R1 = 50 Ohms T SR > R<0259
50 Ohms — p
N4723 o1 ”[-w-q SCRI L <001 M
D2 = 1N4001 @ 4 N
D3 = 1N4934 i L

SCR1=MCR729-10

\Ad
0SCILLOSCOPE t iCURRENT

Reverse recovery time is the. period which elapses from the
time that the current, thru a previously forward biased rectifier
diode, passes thru zero going negatively until the reverse current
recovers to a point which is less than-10% peak reverse current.

Reverse recovery time is a direct function of the forward
current prior to the application of reverse voltage.

For any given rectifier, recovery time is very circuit depend-
ent. Typical and maximum recovery time of all Motorola fast
recovery power rectifiers are rated under a fixed set of conditions
using Ig = 1.0 A, VR = 30 V. In order to cover all circuit
conditions, curves are given for typical recovered stored charge
versus commutation di/dt for various levels of forward current
and for junction temperatures of 25°C, 76°C, 100°C, and
150°C.

To use these curves, it is necessary to know the forward
current level just before ion, the circuit i
di/dt, and the operating junction temperature. The reverse re-
covery test current waveform for all Motorola fast recovery
rectifiers is shown.

em

'RM(REC)

From stored charge curves versus di/dt, recovery time (te)
and peak reverse recovery current (IRp(REC)) can be closely
P il using the ing f

1/2

QR
tp = 1.41 x| =1
" x[di/d(]

IRM(REC) = 141 x [Qg x dirad] 2

C1=051t0 50 uF T1 = Variac Adjusts 1(pK) and dv/dt VIEWING
€2 ~ 4000 uF T2=11 RESISTOR
L1=1.0-27uH T3 = 1:1 (to trigger circuit)
FIGURE 23 — TYPICAL
REVERSE LEAKAGE FIGURE 24 — NORMALIZED REVERSE CURRENT
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For Specifications, See 1N4719 Data.
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IN... JEDEC REGISTERED
DEVICE SPECIFICATIONS



2N 173 (GERMANIUM)

For Specifications, See 2N277 Data.

2N 174 (GErmaNIUM)
2N1100
2N1358.A

PNP germanium power transistors. Power dissipa-
tion and junction temperature ratings exceed those of

CASE 5 EIA registration.
(TO-36)

MAXIMUM RATINGS

Rating Symbol 2N174 | 2N1100 | 2N1358 Unit
Collector -Base Voltage VCB 80 100 80 Vdce
Emitter-Base Voltage VEB 60 80 60 Vdc
Emitter Current (Continuous) IE 15 15 15 Amp
Base Current (Continuous) IB 4,0 4.0 4.0 Amp
Junction and Storage Temperature TJ»Tstg -65 to +110 °C
Thermal Resistance, Junction to Case 01c 0.5 °C/wW




2N174, 2N1100, 2N1358 (continued)
ELECTRICAL CHARACTERISTICS

Characteristic Symbol Minimum | Typical | Maximum | Unit
Collector -Base Cutoff Current Iego pA |
2N174 - 100 -
(VCB = 2 volts) 2N1100 - 100 -
2N1358 - 100 200
Collector -Base Cutoff Current I mA
(Vgp = 1.5volts, Vop = 80 volts)  2N174 CBO - 2.0 8.0
100 2N1100 - 2.0 8.0
80 2N1358 - 2.0 8.0
Emitter-Base Cutoff Current IEBO mA
(VEB = 60 volts) 2N174 - 1.0 8.0
80 2N1100 - 1.0 8.0
60 2N1358 - 1.0 8.0
Collector -Base Cutoff Current ICB o mA
(VCB = - 80 volts, 71°C) 2N174 - - 15
100 2N1100 - - 15
60 2N1358 - 4.0 6.0
Emitter-Base Cutoff Current IEBO mA
(VEB = 30 volts, 71°C) 2N1358 - 4.0 6.0
Collector -Emitter Voltage BVCES* Vdce
(IC =300 mA, VEB =0) 2N174 70 - -
2N1100 80 - -
2N1358 70 - -
Collector -Emitter Voltage BVCE O‘ vde
(Ic =1.0 amp, IB = 0) 2N174 55 - -
1.0 amp, I =0 2N1100 65 - -
300 mA, Ig=0 2N1358 40 - -
Floating Potential VEBF volt
(Ig =0, VcB= 80 volts) 2N174 - - 1.0
100 2N1100 - - 1.0
80 2N1358 - 0.15 1.0
Current Gain hFE -
(Ic =1.2 amp, VCB = 2 volts) 2N1358 40 55 80
(Ic =5amp, Vcp= 2volts) 2N174 25 - 50
2N1100 25 - 50
2N1358 25 35 -
(Ic =12 amp, Vcp= 2 volts) 2N174 - 20 -
2N1100 - 20 -
Base-Emitter Voltage VBE Vdce
(Ic =1.2 amp, Vcp = 2 volts) 2N1358 - 0.35 0.5
(Ic =5amp, Vcp= 2 volts) 2N174 - 0.65 0.9
2N1100 - 0.65 0.9
2N1358 - 0.65 0.9
Saturation Voltage v Vde
(I = 12 amp, Ig = 2 amp) 2N174 CE(sat) - 0.3 0.9
2N1100 - 0.3 0.7
2N1358 - 0.3 0.7
Common-Emitter
Cutoff Frequency fae kHz
(Ic = 5 amp, Vg = 6 volts) 2N174 - 10 -
2N1100
Common-Base
Cutoff Frequency f b kHz
(Ig.= 1 amp, Vcp = 12 volts) 2N1358 b 100 - -
Rise Time (""on" Ic = 12 Adc, tr us
Ig = 2 Adc, VCE = 12 volts) - 15 -
Fall Time ("'off" IC = 0, tf us
VEB = -6 volts, Rgp = 10 ohms) - 15 -

* In order to avoid excessive heating of the collector junction, perform test by the sweep method.




2N174, 2N1100, 2N1358 (continued)

CURRENT TRANSFER CHARACTERISTICS

I, COLLECTOR CURRENT (AMPERES)

COLLECTOR CURRENT (AMPERES)

The Safe Operating Area Curves indicate Ic —
Vcg 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.

TRANSCONDUCTANCE CHARACTERISTICS

12 12
Pas
P
10 > 10
A = /
$<( 80°C &
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The maximum continuous power is related to maximum
junction temperature by the thermal resistance factor.
This curve has a value of 150 Watts at case tempera-
tures of 25°C and is 0 Watts at 110°C with a linear relation
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COLLECTOR-EMITTER VOLTAGE (VOLTS)
(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.

COLLECTOR-EMITTER VOLTAGE (VOLTS)
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28176 (cermanium)

2N669
PNP germanium power transistors for economical
power switching circuits and commercial grade power
amplifier applications.
CASE 11
(TO-3)

MAXIMUM RATINGS

Rating Symbol Valuve Unit
Collector-Base Voltage VCB 40 Vdc
Collector-Emitter Voltage VCFS 30 Vde
Collector Current (Continuous) Io 3.0 Amp
Storage and Junction Temperature TJ, Tstg —65 to +100 °c
Total Device Dissipation Pp 90 Watts

(At 25°C Case Temperature)
Thermal Resistance 03¢ 0.8 °c/wW
(Junction to Case)
266, 2N176 SAFE OPERATING AREAS
5s 90-W;11Y —
POWER DISSIPATION
4 25°C CASE TEMPERATURE ~——f
3
2 \ J \
g \ . Sms The Safe Operating Area Curves indicate
: onuess Ic — Vce limits below which the device will
g ! X N176; not go into secondary breakdown. Collector
H] N\t 2ness load lines for specific circuits must fqll
g I =<a W within the applicable Safe Area to avoid
505 \\ causing a collector-emitter short. (Case
804 temperature and duty cycle of the excur-
03 sions make no significant change in these
safe areas.) To insure operation below the
02 maximum Ty, the power-temperature de-
rating curve must be observed for both
steady state and pulse power conditions.
0.1

0 10 20 30 40 50
COLLECTOR-EMITTER VOLTAGE (VOLTS)



2N176, 2N669 (continued)

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

Characteristic Symbol Minimum |  Typical Maximum | Unit
Collector-Base Cutoff Current IcBO
VCB=30V, IE=0 -_ - 3.0 mA
VCB=2.0V, IE =0 - 50 —_ M.A
Vep =30V, Ig =0, Tc =90°C —_ — 20 mA
Emitter-Base Cutoff Current Irpo mA
VEp=10V, Ic =0 — —_ 2.0
Collector-Emitter Breakdown Voltage Vdce
Ic =330 mA, Rpgy = 10 Ohms 2N176 BVegr 30 — —
2N669 BVcgs 30 — —
Collector-Emitter Saturation Voltage VCE(SAT Vde
Ic=3A, Ig =300 mA CE(SAT) | - 0.4
DC Forward Current Transfer Ratio hpp —
Veg=2.0V, Ic=0.5A 2N176 25 — —
2N669 75 — 250
Power Gain ' Gpg dB
Pout = 2 Watts, Ve = 12V, Ic = 0.5 Amp, i
f = 1kHz, Rg = 10 Ohms, Ry =26.6 Ohms 2N176 34 — 37
2N669 38 — —
Total Harmonic Distortion . %
(under same conditions of power gain) - - 5.0
Small-Signal Current Gain Cutoff Frequency foe kHz
Veg =12V, Ic =0.5 Amp, f =1kHz ref  2N176 ' 4.0 7.0 —
2N669 3.0 5.0 —
Small-Signal Forward-Current Transfer Ratio h —_
Vog = 2.0V, Ic = 0.5 Amp, f =1kHz 2N176 fe — 45 —
2N669 — 90 —
Small-Signal Input Impedance hj Ohms
Veg = 2.0V, In = 0.5 Amp, f =1 kHz 2N176 € 7.0 —_ 25
2N669 10 — 50
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an178 (GERMANIUM)

2N554
2N555
PNP germanium power transistor for non-critical
power amplifier and power switching applications re-
CI(\?OE:JI quiring economical components.
MAXIMUM RATINGS
Rating Symbol 2N178 2N554 | 2N555 | Unit
Collector-Emitter Voltage VCER 30 16 30 Vdc
Collector-Base Voltage VCB 30 15 30 vde
Emitter-Base Voltage VEB 20 15 15 Vde
Collector Current IC 3.0 Adc
Total Device-Dissipation @ T = 80°C PD 10 Watts
Operating and Storage Junction T B0 T " -40 to +90 °C
Temperature Range stg
50
E
<
g N
g 5 N,
3 N
POWER-TEMPERATURE DERATING CURVE § A\
a 20 \
g N
£
a.
S 10
0 2040 —g— 1
Tc, CASE TEMPERATURE (°C)
2N178, 2N555 SAFE OPERATING AREAS 2N554
: M)-JIATT ! :
4 SO CASE TewpERATORe .
s s M
) \/\:—M 2
g \ Lnsl"i;ss i 2"55“\
E —t 1 Y
£ o ] =
§ =\ & 1 Sé'#’:i'ﬁlssr.u%n
05 \ 03 A '30°C CASE TEM| TURE’
Bo4 A\ 04—
03 03
02 0.2
0.1 0.1
o 10 20 30 40 50 o 10 20 30 40 50
CCOLLECTOR-EMITTER VOLYAGE (VOLTS) CCOLLECTOR-EMITTER VOLTAGE (VOLTS)

The Safe Operating Area Curves indicate Ic —
Vck 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.



2N178, 2N554, 2N555 (continued)
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted)

[ Characteristic | Symbol l Min | Typ I Max ] Unit l
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage BVCER Vde
(I = 330 mAde, Ryp =109) 2N178 30 - -
2N554 16 - -
2N555 30 - -
Collector-Base Cutoff Current ICBO mA
(Vop =2.0Vde, I =0) 2N178 - 0.05 -
(VVB = 30 Vdc, IE =0) 2N178 - - 3.0
(VCB =15 Vde, IE =0) 2N554 - - 10.0
(Vop = 30 Vde, I, =0) 2N555 - - 20.0
(Vop = 30 Vde, I =0, T, =90°C) 2N178 - - 20.0
Emitter-Base Cutoff Current IEBO mA
(Vg =10 Vde, 1, =0) 2N178 - - 2.0
ON CHARACTERISTICS
DC Current Gain hFE -
(I =0.5 Ade, Vi =2.0 Vdc) 2N178 15 - 45
2N554 - 50 -
2N555 - 50
Collector-Emitter Saturation Voltage v CE(sat) Vde
(I = 3.0 Ade, I = 300 mAdc) sa - 0.6 -
SMALL-SIGNAL CHARACTERISTICS
Common-Emitter Cutoff Frequency fae kHz
(IC =0.5 Adc, VCE =12 Vde, f = 1.0 kHz ref) 2N178 5.0 - -
2N554 - 6.0 -
2N555 - 6.0 -
Small-Signal Current Gain h N -
(I, = 0.5 Ad¢, Vi = 2.0 Vde, f = 1. 0kHz ref) 2N178 € - 30 -
2N554 , - 55 -
2N555 - 55 -
Input Impedance h, Ohms
(I =0.5 Adc, Vo =2.0 Vdc, f = 1.0kHz)  2N178 1e 8.0 25 -
2N554 - 25 -
2N555 - 25 -
FUNCTIONAL TESTS
Power Gain GPE dB
(V =12 Vde, I, =0.5 Adc, P =2.0 2N178 28 - 33
CE ¢ out 2N554 20 | 35 -
Watts, f = 1.0 kHz, Rg = 10 Ohms, 2N555 25 3 _
R, = 26.6 Ohms)
L
Total Harmonic Distortion %
(Under same conditions as power gain) 2N178 - - 5.0
COLLECTOR CHARACTERISTICS INPUT CURRENT versus INPUT DRIVE VOLTAGE
3.0 1o 9,0 240
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2N242 (GERMANIUM)

2N307, A
PNP germanium power transistors for general pur-
CASE 11 pose power amplifier and switching applications.
(TO-3)

MAXIMUM RATINGS

Rating Symbol 2N242 2N307, 307A Unit
Collector -Base Voltage VCB 45 35 Volts
Collector-Emitter Voltage (RBE =309Q) VCER 45 —_ Volts
Collector - Emitter Voltage VCEO — 35 Volts
Emitter - Base Voltage VEB —_ 10 Volts
Collector Current IC 5.0 5.0 Amp
Junction Temperature Range TJ -65 to + 110 -65 to +110 °c
Collector Dissipation (at T, = 25°C) Py 106 106 Watts
ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted)
Characteristic Symbol Min Max Unit
Collector - Base Cutoff Current IcBO mAdc
(Ve = 2 vdc) 2N307 —_ 0.5
(Ve = 25 Vdc) 2N307 —_ 5.0
2N307A — 2.0
(Vep = 1Vde, Ig = 0,Tg= 85°C) 2N242 - 5.0
Emitter - Base Cutoff Current IeBO mAdc
(VEB = 10Vdc) - 2.0
Collector - Emitter Cutoff Current ICER mAdc
(Vg = 45Vde, Rpg =309) 2N242 - 5.0
(VCE = 25Vdc, Rg =309) 2N242 — 1.0
(VCE = 35Vdc, Rg =309) 2N307 — 15
2N307A - 7.0
Base - Emitter Voltage VBE Vdc
(VCg = 1.5 Vde, Ig = 1.0Adc) 2N242 0.3 0.8
Collector - Emitter Saturation Voltage VCE(sat) Vdc
(Ic = 2.0 Adc, Ig = 200 mAdc) 2N242 — 0.8
(Ic = 0.2 Adc, IB = 20 mAdc) 2N307 — 1.0
(IC = 1.0 Adc, I = 100 mAdc) 2N307A —_ 0.8
DC Current Gain hgg —
(VCE = 12 Vdc, Ic = 500 mAdc) 2N242 30 120
(VCE = 1Vdc,, Ic = 200 mAdc) 2N307 20 —
2N307A 30 -
Common Emitter Cutoff Frequency foe kHz
(Vcg = 12V, Ic=0.5A) 2N242 5.0 —
2N307A 3.5 —
(Veg = 6V,Ic=1A) 2N307 3.0 —
Power Gain Ge dB
(Ic = 0.5A, VCE = -14V, Ry, = 309, 2N242 30
Rg =10Q)




2N27 7 (GERMANIUM)

2n278

2N173
2N1099
PNP germanium power transistors for general pur-
CASE 5 pose power amplifier and switching applications. Pow-
(TO-36) er and temperature ratings exceed EIA registration.

MAXIMUM RATINGS

Rating Symbol | 2N277 | 2N278 | 2N173| 2N1099 | Unit
Collector-Base Voltage VCB 40 50 60 80 Vde
Emitter-Base Voltage Vep 20 30 40 40 | Vde
Emitter Current-Continuous IE 15 Adc
Base Current IB 4.0 Adc
Total Device Dissipation @T, = 25°c P 170 Watts
Derate above 25°C 2.0 w/°c
Operating and Storage Junction stg °C
Temperature Range -65 to +110
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case 93¢ 0.5 °c/w
SAFE OPERATING AREAS
2N173 2N1099 2N277 2N278
] s : s s e  — F—F—F—1
pod N - — [ I [ I ] ] I ] T
» sn: y Ims 500us | 250,s Sms | Ims  |S00,s 250:.: Sms 1ms 50048 250u8 SM\\RM S00us 25048
NN S W NN e NN\ NN i
g N N N \ N
AN N >
3 3 — A Y4 N RN
g - N l\ 7N \\ o, — i e~
g 1 ééovitgumsswmon ‘Iﬂ! \ »éé&!l‘;‘l’”l?kﬂoﬂ Mﬁ \) L
(=] do c
< . e AN N\
04 1
03— —
| T060V,8mA __msov,um 10 50V, 8 mA
o[ e [ e i S
0 10 20 30 40 50 60 7 0 10 20 30 40 50 60 0 80 90 100 10 20 30 4 0 0 10 0 30 0 S
COLLECTOR-EMITTER VOLTAGE (VOLTS) COLLECTOR-EMITTER VOLTAGE (VOLTS) COLLECTOR-EMITTER VOLTAGE (VOLTS) COLLECTOR-EMITTER VOLTAGE (VOLTS)

The Safe Operating Area Curves indicate Ic —
Ve limits below which the device will not ga 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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2N277, 2N278, 2N173, 2N1099 (continued)
ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted)

Characteristic Symbol Minimum Typical Maximum | Unit
Collector-Base Cutoff Current ICBO nA
Vepo= 2V — 100 —
Collector-Base Cutoff Current Icx mA
VEp= 15V, Vog= 40V 2N277 — 2.0 8.0
50 2N2178 — 2.0 8.0
60 2N173 —_ 2.0 8.0
80 2N1099 — 2.0 8.0
Emitter-Base Cutoff Current IgBO mA
VEpo= 20V 2N271 —_ 1.0 8.0
30 2N278 — 1.0 8.0
40 2N173 —_— 1.0 8.0
40 2N1099 — 1.0 8.0
Collector-Base Cutoff Current IcBoO mA
Vepo = 40V, T1°C 2N277 — — 15
50 2N278 — — 15
60 2N173 — — 15
80 2N1099 — — 15
Collector-Emitter Voltage BVcgs™* Vdc
Ic =300 mA, VEg =0 2N277 40 — —_
2N2178 45 — —_
2N173 50 _— —
2N1099 70 — —
Collector-Emitter Voltage BVcgo* Vde
Ic=1Amp, Ig=0 2N277 25 — —_
2N278 30 — —_—
2N173 45 — —_
2N1099 55 — —
Floating Potential Vi volt
Ig =0, Vog= 40V 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 hpg —_
Ic=5Amp, Vcg= 2V 35 — 70
Ic =12 Amp, Vcp= 2V — 25 —
Base-Emitter Voltage VBE Vdc
lIc =5Amp, Vcp= 2V 2N277 — 0.65 —
2N278 — 0.65 —
2N173 — - 0.65 —
2N1099 — 0.65 0.9
Saturation Voltage \4 Vdc
Ic = 12 Amp, Ig = 2 Amp aN277 CE(SAT) — 0.3 —
2N278 — 0.3 1.0
2N173 — 0.3 1.0
2N1099 — 0.3 0.7
Common-Emitter Current Amplification f e kHz
Cutoff Frequency o
Ic =5Amp, Vcg= 6V 0.3 10 —
Rise Time % us
"on" Ig = 12 Adc, — 15 —
IB =2 Adc, VCE = 12V
Fall Time tg us
"off" Ic =0, —_ 15 —
Vgp = 6V, Rgp = 10 Ohms

* To avoid excessive heating of the collector junction, perform these tests with the sweep method.
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2N277, 2N278, 2N173, 2N1099 (continued)
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2N297 A (Germanium)

PNP germanium power transistor for military and

industrial power switching and amplifier applications.

CASE 11 Operating temperature range and collector dissipation
(T0-3) rating exceeds military specifications.

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Base Voltage VCB 60 Vdc
Collector-Emitter Voltage vCES 50 Vdc
Collector-Emitter Voltage VCEO 40 Vdc
Emitter-Base Voltage VEB 40 Vdc
Emitter Current L 5.0 Amp
Operating Temperature Range 'I‘J —65 to +110 °C
Collector Dissipation at 25°C PD 85 Watts

Case Temperature
(6 c=1 C/W max)
POWER-TEMPERATURE DERATING CURVE
100
'g 80 N\
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TC’ Case Temperature (OC)
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2N297 A (continued)
ELECTRICAL CHARACTERISTICS (Tc =25°C unless otherwise noted)

Characteristic Symbol Minimum Maximum Unit
DC Current Transfer Ratio hpg 40 100 —_
Veg= 2V
) Ic = 0.5Adc
DC Current Transfer Ratio . hpg - 20 — —
Ic = 2.0Ade )
Small-Signal Current Transfer Ratio fhe 5.0 - kHz
Cutoff Frequency
Vecg = 14 Vde
Ic= 0.5Amp
Emitter-Base Cutoff Current IEBO — 3.0 mAdc
Vgg = 40 Vdc
Ic=0
Collector-Base Cutoff Current IcBO —_ 200 rAde
Vep= 2 Vde
Ig= 0
Collector-Base Cutoff Current IcBO — 3.0 mAdc
Vep = 60 Vde
Ig= 0
Base Current ' Ig 5.0 12.5 mAdc
Veg = 2 Vde
Ic= 0.5Adc v
Base Current I —_— . 100 mAdc
Veg = 2 Vde
Ic= 2Ade
Emitter-Base Voltage VeB — 1.5 Vde
VCE = 2 Vde
Ic = 2Ade
Floating Potential Vi 0.18 Vde
Vep = 60 Vde
(Voltmeter input resistance
= 10 Megohm min)
Collector-Emitter Saturation Voltage VCE(S AT) ) 1.0 Vdc
Ic = 2 Adc
Ig = 200 mAdc
Collector-Emitter Voltage BVcero 40 — Vde
Ic = 300 mAdc
Ig= 0
Collector-Emitter Voltage i BVcEgs 50 — Vde
Ic = 300 mAdc
VEB = 0
High-Temperature Operation
T = +71°C min
Collector Cutoff Current IcBo — 6.0 mAdc
Ig= 0
aN307 (GErmANIUM)
2N3o7 A For Specifications, See 2N242 Data.
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2N3| 9 thru 2N321 (Germanium)

CASE 31(1) PNP germanium transistors for audio amplifier
(T0-5) and low-frequency switching applications.

Base connected to case

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Base Voltage VCB 25 Vde
Collector-Emitter Voltage VCEO 20 Vde
Emitter-Base Voltage vEB 5.0 Vde
Collector Current Ic 500 mAdc
Junction and Storage Temperature TJ, Tstg -65 to + 100 °C
Power Dissipation at 25°C Ambiont p 225 P~
ELECTRICAL CHARACTERISTICS (Ta =25°C unless otherwise noted)
Characteristics Symbol Min Max Unit
Collector Cutoff Current ICBO
Vep = -25 Vde, I = 0 - 16  HAdc
Emitter Cutoff Current
Vg =-15Vde, I, =0 'eBO - 10 pAde
Collector-Emitter Voltage BVC ER
IC =0, 6 mAdc, RBE=10K 20 - Vde
DC Current Gain hFE
Ic = 20 mAdc, VCE = -1Vdc
2N319 25 42 -
2N320 34 65
2N321 53 121
DC Current Gain hFE
lc = 100 mAdc, V., = -1 Vdc
CE
2N319 23 - -
2N320 30 -
2N321 47
Base Input Voltage VBE mVdc
V. = -1Vde, I, =20 mAde 180 320
CE C
Output Capacitance; Input AC Open Circuit (o} ob
VCB=-5Vdc, IE=lmAdc, f=1MHz - 35 pF
Frequency Cutoff fab
VCB = -5 Vdc, IE =1 mAdc
2N319 1.0 - MHz
2N320 L5 -
2N321 2.0 -




2N322 thru 28324 (GERMANIUM)

2N508
PNPgermanium transistors for audio driver and low
power output service in entertainment equipment.
CASE 31(1)
(TO-5)

Base connected to case

MAXIMUM RATINGS

Rating - Symbol Value Unit
Collector-Base Voltage v cB 18 Vdce
Collector-Emitter Voltage VCEO 18 - Vde
Emitter-Base Voltage Ve 5.0 Vde
Collector Current IC 500 mAdc
Junction and Storage Temperature T Tstg -65 to + 100 °C
Power Dissipation at 25°C Ambient. Py 225 mW

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

Characteristics Symbol Min Max Unit
Collector Cutoff Current ICBO
Vep = -16 Vde, Iy = 0 - 16 uAde
Emitter Cutoff Current IEBO
Vgp= -3 Vde, Ic=0 - 16 uAde
Collector-Emitter Voltage BVCER
1= 0.6 mAde, Rpp=5K ) 18 _ Vde
DC Current Gain hFE
Veg = -1 Vde, I = 20 mAdc
2N322 34 65 -
2N323 53 121
2N324 . 72 198
2N508 . 99 198
Base Input Voltage VBE
Vg = -1 Vde, I = 20 mAde 180 320 mVde
Output Capacitance; Input AC Open Circuit Cob
VCB = -5 Vde, IE = 1 mAde, f = 1 MHz _ 35 oF
Frequency Cutoff
Vg = =5 Vde, I = 1 mAdc ) f
cB TE 2N322 ab 1.0 - Mz
2N323 1.5 -
2N324 2,0 -
2N508 2.5 -




2N33] (Germanium)

PNP germanium transistor for audio range amplifier
and switching service in military equipment. Have col-

CASE 31(1) lector dissipation and storage temperature ratings sig-
(TO-5) nificantly higher thanthose of the military specification
Al leads isolated (see maximum ratings table below).

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Base Voltage Ves 30 Volts
Emitter-Base Voltage VeB 12 Volts
Storage Temperature Tstg -65 to + 85 °C
Storage Temperature Tstg -65 to + 100 °c
Collector Dissipation at T A= 25°C P 75 mw
(MIL-S-19500/4C b
(Derate 1.25 mW/°C above 25°C)
Collector Dissipation at T A= 25°C Pp 200 mwW
(JAN 2N331)
(Derate 2. 67 mW/°C above 25°C)
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted)
Characteristics Symbol Min Max Unit
Emitter Cutoff Current 1 Ade
(Vgp = -12 Vde, 1, = 0) EBO - 10 i
Collector Cutoff Current Icpo rAdc
(Vg = -30 Vde, I = 0) _ 10
Small-Signal Open-Circuit Output Admittance hob pmho
(VCB = -6 Vdc, IE = 1.0 mAdc, f = 1 kHz) _ 1.0
Small-Signal Short-Circuit Input Impedance h.b Ohms
(Vg = -6 Vde, I = 1.0 mAdc, f = 1kHz) e _ 50
Small-Signal Short-Circuit Forward-Current
Transfer Ratio hfe —
(VCE = -6 Vde, IC = 1,0 mAdc, f = 1 kHz) 30 0
Small-Signal Short-Circuit Forward-Current
Transfer Ratio Cutoff Frequency f ob MHz
(VCB = -6 Vdec, L= 1 mAdc) 0.4 -
Output Capacitance Cob pF
(VCB = -6 Vdc, I.E = 1 mAdc) _ 50
Noise Figure NF dB
(VCB = -6 Vdc, I‘E = 1 mAdc, Rs = 1000, ohms,
f=1kHz, f=A1Hz ) - 20
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2N331 (continued)

POWER-TEMPERATURE DERATING CURVE
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2N350A (Germanium)

2n351A

2N376A

CASE 11

PNP germanium power transistors for economical
power switching applications and for power amplifiers

(TO-3) low distortion.

MAXIMUM RATINGS

requiring up to 4 watts of output power at relatively

Rating Symbol Value Unit
Collector-Base Voltage VCB 50 Vdc
Collector-Emitter Voltage VCES 40 Vde
Collector Dissipation P D 90 Watts
at 25°C mounting base temperature
Collector Junction Temperature TJ —65 to +100 °C
Thermal Resistance sJC 0.8 °C/W
(Junction to Case)
CURRENT GAIN versus POWER TEMPERATURE
COLLECTOR CURRENT (COMMON EMITTER) SAFE OPERATING AREAS DERATING CURVE
100, 6 90
AN
1 l NI 1 \
A e—— = 5ms |
\ 2N376A 2N351A \ OR LESS
=8 ‘\v*‘ 3 23504 N
= t 2N3SIA 73
= A% ¢ = 60
z - £ =
2 '\L VCE =2 VOLTS g 1 Foowar A =
prs N S [CPOWER DISSIPATION =
2 \ \ S [ A TewpeaaTuRe —\C & \
£e + S o0s N\ 2
= =1 [=]
\\\ . 3 04 =N =30 \
AN g
2N3504A \m\, e \
20 02
(o] 0.1 o]
2 3 4 S 10 20 30 40 50 0 20 40 60 80 100
COLLECTOR CURRENT (AMPERES) COLLECTOR-EMITTER VOLTAGE (VOLTS) MOUNTING BASE TEMPERATURE (°C)

The Safe Operating Area Curves indicate Ic —
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.



2N350A, 2N351A, 2N376A (continued)

ELECTRICAL CHARACTERISTICS

(at mounting base temperature 25°C = 3°C.)

GENERAL

Symbol

Typical

Maximum

Unit

Collector Cutoff Current
Vep=30V

Vep=2V
Vep =30V, T =100°C

IcBo

50

3.0

30

mA
LA

Emitter Cutoff Current
Vgg=10V

IEBO

2.0

Collector Breakdown Voltage.
Ic=1A (Ree=10Q)
lc =330mA, RBe = 0

(This test should be made

under dynamic conditions only)

BVcEs

40

Vde

ELECTRICAL CHARACTERISTICS (at mounting base temperature 25°C == 3°C.)

COMMON EMITTER

2N350A

2N351A

2N376A

Sym

Min | Typ

Max

Min | Typ

Max | Min

Ty

Max

Power Gain (+ 0.5 db)
Pout =4 Watts, VCE =12V,
Ic =0.7A, f=1KHz

30

33

32

35 | 34

dB
37

Total Harmonic Distortion
under same conditions as power gain

7.0

7.0

7.0l %

DC Forward Current Gain
Veg =2V, Ic=0.TA

20

60

25

90 | 35

120

Current Gain Frequency Cutoff
Veg =12V, Ic =0.TA,
f =1kHz ref

5.0

‘5.0

5.0

kHz

Small-Signal Forward Current Gain
f=1kHz, Vcg =2V, Ic =0.TA

30

45

60

Small-Signal Input Impedance
f=1kHz, Vcg =2V, Ic=0.7A

5.0

17

6.0

20 | 7.0

Ohms
25

Collector Saturation Voltage
Ic =3 A, Ig =300 mA

VCE(SAT)

0.8

1.75

Vde

Base-Emitter Voltage
Ic =3 A, Ig =300 mA

VBE

1.0

2.00

Vdce

Collector Saturation Voltage
IC =4 A, Ig =400 mA

VCE(SAT)

0.8

Vde

Base-Emitter Voltage
IC =4 A, Ig =400 mA

1.0

Vde

Collector Saturation Voltage
Io =5 A, Ig =500 mA

0.8

Vdc
1.75

Base-Emitter Voltage
Ic =5 A, Ig =500 mA

1.0

Vde
2.00




2N350A, 2N351A, 2N376A (continued)

OUTPUT CURRENT versus INPUT CURRENT versus
EMITTER-DRIVE VOLTAGE EMITTER-DRIVE VOLTAGE
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2N37 5 (GERMANIUM)
2N618
2N1359
2N1360

2N1362 thru 2N1365

PNP germanium power transistors for general pur-
pose switching and amplifier applications.

(TO-3)
MAXIMUM RATINGS
. 2N1359 | 2N375]|2N1362|2N1364 .
Rating Symbol | 9N1360 | 2N618| 2N1363 |2N1365| Unit
Collector-Emitter Voltage VCES 40 60 % 100 Vde
Collector-Base Voltage VCB 50 80 100 120 Vde
Emitter-Base Voltage VEB 25 40 50 60 Vde
Collector Current-Continuous IC 3.0 Adc
Peak 10
Total Device Dissipation @ TC = 25%C PD 106 Watts
Derate above 25°C 1.25 w/°c
Operating and Storage Junction T I Tst °c
Temperature Range g -65 to +110
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case %5¢c 0.8 0C/W




2N375, 2N618, 2N1359, 2N1360, 2N1362 thru 2N1365 (continued)

ELECTRICAL CHARACTERISTICS

(T = 25°C unless otherwise noted)

Characteristic Types Symbol  |Minimum | Typical | Maximum|  Unit
Collector-Base Cutoff Current 2N1359, 2N1360 IeBo mA
(Vog =40V, I, =0) -- -- 3,0
(Vig =50V, Ig=0) -- -- 20.0
(Vep=60V, IE = 0 2N375, 2N618 -- -- 3.0
(Vep=80V, IE = 0 -- -- 20.0
Vep=17V, Ig = 0) 2N1362, 2N1363 -- - 3.0
(Vcp=100V, Ig = 0) -- -- 20.0
(Vcp =100V, Ig = 0 2N1364, 2N1365 -- -- 3.0
(Vcp=120V, Ig = 0) -- -- 20.0
Collector-Base Cutoff Current
at Tc = +90°C I -- - 20 mA

CBO

Vcp = 1/2 BVCEg rating
Emitter-Base Cutoff Current
(VEB =12 V, IC = 0) IEBO - - 0.5 mA
(VEg = 25V, Ic = 0) 2N1359, 2N1360 U 20
(VEp = 50V, Ic = 0) 2N1362, 2N1363 - -- 20
(VEB = 60V, Ic = 0) 2N1364, 2N1365 -- - 20
Collector -Emitter Breakdown
Voltage Vde
I = 500 mA, Vgg = 0) 2N1359, 2N1360 BVigps 40 -- --

2N375, 2N618 60 - -

2N1362, 2N1363 75 -- -

2N1364, 2N1365 100 -- --
DC Cdrrent Transfer Ratio hFE -
(Ve =4V, I = 1.04) 2N1359, 375, 1362, 64 35 55 90

2N1360, 618, 1363, 65 60 90 140
(Vcg = 4V,I, = 1.04) 2N1359, 375, 1362, 64 15 22 -

2N1360, 618, 1363, 65 20 35 -
Transconductance mhos
(Vg = 4V, I = 1.04) ggg:g 8FE (l).g i.gs gg

2N1359, 2N1362, 2N1364 0.8 | 1.25 --

2N1360, 2N1363, 2N1365 1.0 | 1.6 --
Frequency Cutoff iae kHz
(VCE = 4V, Ic = 1 4) 2N3175 5.0 8.5 -
(VCcg = 4V, Ic = 14 2N618 5.0 8.5 -
(Veg = 4V, Ig = 34 2N1359, 2N1362, 2N1364 7.0 10 --
(VCE = 4V, Ic = 3 A 2N1360, 2N1363, 2N1365 5.0 8.5 -
Collector Saturation Voltage VCE(sat) Vdc
(Ic = 2.0 A, Ig = 200mA) 2N1359, 375, 1362, 64 -- 0.4 1.0

2N1360, 618, 1363, 65 -- 0.3 0.8
Base-Emitter Drive Voltage VBE Vdc
(I, = 2.04, Ig = 200 mA) 2N1359, 375, 1362, 64 -- 0.7 --

2N1360, 618, 1363, 65 -- 0.6 --
Collector-Emitter Punch-
Through Voltage VEBF Vdc
(Ve = 50V, Ic = 0) 2N1359, 2N1360 - - 1.25
(Vep = 100V, I = 0) 2N1362, 2N1363 - -- 1.25
(Ve = 120V, Ic = 0) 2N1364, 2N1365 - - 1.25
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2N375 (continued)

PD, Power Dissipation (Watts)
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BASE-EMITTER VOLTAGE versus COLLECTOR CURRENT

The maximum continuous 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 Pp = V¢ x Ic
hyperbolic curve. This curve has a
value of 106 Watts at case tempera-
tures of 25°C and is 0 Watts at 110°C
with a linear relation between the two
temperatures such that

Pp allowable = 110° - T¢

0.8

CURRENT GAIN versus COLLECTOR CURRENT

0 10 20 30 40 S0 60 70 80

COLLECTOR-EMITTER VOLTAGE (VOLTS)

The Safe Operating Area Curves indicate Ic —
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.
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2N376 A (GErmANIUM)

For Specifications, See 2N350A Data.

2N378 thru | éN 380 (GEWNlUM)

2N459,A

CASE 11
(T0-3)

MAXIMUM RATINGS

PNP germanium power transistors for general pur-
pose power amplifier and switching applications.

Rating Symbol | 2N378 | 2N379{  2N380 2N459 | 2N459A| Unit
Collector-Emitter Voltage VCEO 20 40 30 60 60 Vdc
Collector-Emitter Voltage v CEX Vdc

(VBE =1.5V) 40 80 60 - -

(VBE =1.0V) - - - 105 105
Collector-Emitter Voltage VCES - - - 70 70 vdce
Collector-Base Voltage VCB - - - - 105 vdc
Emitter-Base Voltage VEB - - - 10 25 Vdc
Collector Current IC 5.0 Adc
Operating Junction T 7 -65 to +110 °C

Temperature Range ¢
Total Device Dissipation @ TC =25°C PD 106 Watts

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)
', Characteristic I Symbol [ Min lMax I Unit l
OFF CHARACTERISTICS '
Collector-Emitter Breakdown Voltage BVCE o Vdc
(IC = 100 mAdc) 2N378 20 -
2N379 40 -
2N380 30 -
2N459, 2N459A 60 -
Collector Cutoff Current o ICEX mAdc
(VCE =40 Vdc, VBE(off) = 1.5 Vdc) 2N378 - 10
(VCE =60 Vdc, vBE(off) =1.5 Vdc). 2N380 - 10
(VCE =80 Vdc, VBE(off) = 1.5 Vdc) 2N379 - 10
(VCE =105 Vdc, VBE(off) =1.5 Vdc) 2N459 - 10
(VCE =105 Vdc, VBE(off) =1.0 Vdc) 2N459A - 10
Collector Cutoff Current I mAdc
(V. =25 Vdc) CBO - los
CB
(VCB =25 Vdc, TC =85°C) - 7.5
Emitter Cutoff Current IEBO mAdc
(VBE =10 Vdc) 2N380 - 1.5
: 2N459 - 2.0
(VBE =25 Vdc) 2N459A’ - 2.0
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2N378, thru 2N380 2N459, 2N459 A (continued)
ELECTRICAL CHARACTERISTICS (continued)

L Characteristic Symbol | Min | Max I Unit l
ON CHARACTERISTICS
DC Current Gain hFE -
(Ic =2.0 Adc, VCE =2.0 Vdc) 2N378 40 80
2N379, 2N459 20 70
2N380 30 70
2N459A 40 70
(IC =5.0 Adc, VCE =2.0 Vdc) 2N459A 20 -
Collector-Emitter Saturation Voltage VCE(sat) Vdc
(IC = 2.0 Adc, IB =0.2 Adc) 2N378-2N380, 2N459 - 1.0
2N459A - 0.3
Base-Emitter Voltage \' Vde
(IC =2.0 Adc, VCE =2.0 Vdc) 2N378 BE(on) - 1.6
2N379, 2N459, 2N459A - 1.3
2N380 - 1.0
DYNAMIC CHARACTERISTICS
Common-Emitter Cutoff Frequency f kHz
(IC = 1.0 Adc, VCE =2.0 Vdc) 2N378-2N380, 2N459 ae 5.0 -
(IC =2.0 Adc, VCE =2.0 Vdc) 2N459A 5.0 -




2N38 1thru 28383 (GERMANIUM)
2N2171

PNP germanium transistors for small-signal audio
CA(% 5?) 1) amplifiers, Class B push-pull output stages and medium -
i speed switching circuits.
Base connected to case

MAXIMUM RATINGS

Rating Symbol Value Unit

Collector-Base Voltage VCB 50 Volts
Collector-Emitter Voltage (RBE = 10K) VCER 25 Volts
Emitter-Base Voltage VEB 20 Volts
Collector Current IC 400 mA
Junction Temperature T 7 -65 to +100 °C
Collector Dissipation PD

T A= 25°C 225 mW

derate 3.0 mwW/°C

TC = 25°C 500 mW

derate 6.7 mw/°C

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

Characteristics Symbol | Min |[Typicall Max | Unit
Collector-Base Cutoff Current I inAdce
(V... = -25 Vdc) CBO
CB~ --- 6.0 10
Emitter-Base cutoff Current IEBO rAdc
(Vo = -20 Vdc)
EB -- - 5.0 10
Collector-Emitter Voltage BVCER Vde
(IC = 500 nAdc, RBE = 10K) 25 I
Collector-Emitter Voltage BVCER Vde
(I =50 HAde, Voo = 1.0 Vdc) IN381 . 50 | ---
2N382, 2N383, 2N2171 --- 45 ---
DC Current Gain hFE - - -
(lC = 20 mAdc, VCE = -1,0 Vdc) 2N381 35 --- 65
2N382 60 | --- 95
2N383 5 --- 120
2N2171 110 --- 250
(lc = 100 mAdc, VCE = -1.0 Vdc) 2N381 30 --- -
2N382 50 - - -
2N383 65 - - -
2N2171 90 - - -
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2N381 thru 2N383 . 2N2171 (continued)

ELECTRICAL CHARACTERISTICS (continued)

Characteristics Symbol [ Min |Typical| Max | Unit
Small Signal Current Gain h, ..
(I =10mA, Voo = -5.0V, f= 1kHz) € .
2N381 35 60 85
2N382 70 90 135
2N383 90 115 155
2N2171 120 210 310
Voltage Feedback Ratio h. x1073
(Ic=10mA, V.= -5V, f=1kHz)
2N381 --- | 0.66 -——
2N382 --- 10869 | ---
2N383 --- | 0.72 -
2N2171 -=- 10,75 -
Input Impedance hie ohms
(g =10mA, V.o =-5.0V, f=1kHz)
2N381 --- 300 ---
2N382 --- 450 ---
2N382 --- 550 ---
2N2171 --- 850 ---
Output Admittance hoe umhos
(I,=10mA, V. =-5.0V, f=1kHz
c ' "CE ! ) 2N381 --- | 420 | ---
2N382 --- 400 ---
2N383 - 380 ---
2N2171 --- 500 ---
Transducer Gain Gy dB
(Rg:soon,RL=5oon) 2N381 --- | 36 ---
(Rg=4509,RL=5009) 2N382 ---| 38 ---
(Rg=5509,RL=5009) 2N383 -=-- 1395 |---
(ng =17859 , R, = 5009 ) 2N2171 =-- ] 425 | ---
Output Capacitance Coo ---120 --- pF
(Ic=1mA, Vo= -6V)
Noise Figure NF dB
(I~=1mA, V. =-6V, R_=1ke, f=1kHz)
c > 'CE e ’ 2N381 ---] 60 | ---
2N382 --- 5.5 ---
2N383 .- 50 | ---
2N2171 - 3.5 ---
Cutoff Frequency f ab MHz
(Ic=1mA, Vo= -6V)
2N381 --- 3.0 ---
2N382 --- 4.0 ---
2N383 --- 5.0 ---
2N2171 --- 7.5 ---




2n398,2n398 A (cErmaNIUm)

PNP germanium transistor for high-voltage, audio-

CASE 31(1) frequency applications.
(T0-5)

All leads isolated

MAXIMUM RATINGS

Rating Symbol 2N398A 2N398 Unit
Collector-Base Voltage VCB 105 105 Vdc
Collector -Emitter Voltage VCE o 7 105 105 Vde
Emitter -Base Voltage vEB 50 50 Vdc
DC Colle;:tor Current Ic 200 100 mA
Emitter Current IE 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 Py 150 50 mwW
Thermal Resistance, Junction to Ambient 97A max 0.5 1.2 °C/mW

ELECTRICAL CHARACTERISTICS (Tc = 25°Cunless otherwise noted)

Characteristics Symbol Min | Typical Max | Unit
Collector-Base Cutoff Current ICBO - 12.0 50 uA
V.p =105V, I =0) ‘
CB B
Collector-Base Cutoff Current : ICBO - 5.0 14 HA
(VCB=2.5V, I.B=0)
Emitter-Base Cutoff Current : IEBO - 3.0 50 1A
Von =50V, I,=0)
EB C ;
Collector-Emitter Saturation Voltage \4 - 0.11 0.35 Vde
(Ic = 5 mAdc; IB = 0. 25 mAdc) CE (SAT) )
Base-Emitter Saturation Voltage VBE' (SAT) - 0.22 0. 40 Vde

ac=5mAdc;IB=0.25 mAdc)

DC Current Transfor Ratio hpg ' 20 65 | - -
(IC = 5 mAdc; VCE = 0. 35 Vdc)

DC Collector-Emitter Punch-Through Voltage vPT 105 160 - Vdce
(V.CB necessary to obtain VEB of -1 V max,

using instrument with Zln > 11 megohm to
measure VBE) )

Small-Signal Short-Circuit, Forward Current - f b - 1.0 - MHz
Transfer Ratio Cutoff Frequency o
(VCB = 6 Vdc; IE =1 mAdc)
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2N 398 (continued)

POWER — TEMPERATURE DERATING CURVE DC CURRENT TRANSFER I:IATID :gg‘slus COLLECTOR CURRENT
o =0
200 70
180
60
160
@150
E \
£ 10 g2 %
=z =
3 2N398A P
£ 120 ya g
z g
= -
g 100 =
2 g€ % N
S g0 s N
r =]
g g N
£ @ 2N398 f 2 ﬂ
2 = ——
o ~—~—
40 \\
10
N
20 ~
0 D 0
0 10 20 30 40 S0 60 70 80 90 100 0 20 40 60 80 100 120 140 160 180 200
Ta, AMBIENT TEMPERATURE (°C) I, COLLECTOR CURRENT (MILLIAMPERES)
LARGE SIGNAL CURRENT GAIN (H ¢ ) versus TEMPERATURE OUTPUT CURRENT versus BASE-DRIVE VOLTAGE
FE
(Normalized to 25°C Value; Vce = 0.35V) (Vee=—1V)
200 260 /
/ 240
180 y
// 220 /
160 /
/ g 200 /
140 S 180
L 1c = §ma H /
S 160
© 120 _E-, /
9 L = 140
S T g, /
3 — / Ic = 50[A g 10
< 8 S 100
M 3 /
60 g %
L~ S /
Z 60
40
40 /
20 20 —
0 0 —
—60 —40 —20 0 +20 440 460 +80 +100 0 01 02 03 04 05 06 07 08
TEMPERATURE (°C) Vyug;, BASE-EMITTER VOLTAGE (VOLTS)



2N4o4 (GERMANIUM)

n404A

PNP GERMANIUM
SWITCHING

PNP GERMANIUM SWITCHING TRANSISTORS TRANSISTORS

. designed for medium-speed saturated switching applications.

® Low Collector-Emitter Saturation Voltage —
VCE(sat) = 0.2 Vdc (Max) @ Ic = 24 mAdc

@ High Emitter-Base Breakdown Voltage —
BVEBO = 12 Vdc (Min) @ I = 20 uAdc — 2N404
=25 Vdc (Min) @ |g = 20 uAdc — 2N404A

0335
0370

0.305 |
0335 i

*MAXIMUM RATINGS

Rating Symbol 2N404 | 2N404A Unit
Collector-Emitter Voltage VCES 24 35 Vdc f
Collector-Base Voltage vce 25 40 Vdc

1.50
Emitter-Base Voltage VEB 12 25 Vde [ H
Collector Current — Continuous Ic 150 mAdc
0. 018
Emitter Current e 100 mAde " ” 5o
Total Device Dissipation @ Tz = 25°C [ 150 mw Pin . mater )/
Derate above 25°C 2.0 mW/°C 3 Collector doz
Total Device Dissipation @ T = 25°C Pp 300 mw \ \
Derate above 25°C 4.0 mW/°C o100TP.
Operating and Storage Junction TJ,Tstg -65 to +100 oc
Temperature Range
*Indicates JEDEC Registered Data. 00T Weight = .15 gram
All JEDEC TO5 dimensions and notes apply.
CASE 31 (1)
TO-5

Collector Connected to Case
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2N404, 2N404A (continued)

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

[ Characteristic I Symbol Min l Typ Max l Unit J
OFF CHARACTERISTICS

Collector-Base Breakdown Voltage BVceo Vde
(Ic = 20 pAdc, Ig = 0) 2N404 25 - -
2N404A 40 - -

Emitter-Base Breakdown Voltage BVEBO Vdc
(lg = 20 pAdc, Ic = 0) 2N404 12 - -
2N404A 2 - _

Punch-Through Voltage(1) Vpt Vde
(Vggf = 1.0 Vdc) 2N404 24 - -
2N404A 35 — _

Emitter-Base Floating Potential VEBfI Vdc
(Vg =35 Vdc, Ig = 0) 2N404A - - 1.0

Collector Cutoff Current Iceo uAdc
(Vcg =12 Vdc, Ig = 0) - 038 5.0
(Veg =12 Vdc, Ig = 0, T4 = 80°C) - 20 90

Emitter Cutoff Current IEBO - 05 25 uAdc

(VEg=2.5Vdc, Ic=0)

ON CHARACTERISTICS

DC Current Gain hre -
(ic = 12 mAdc, Vcg = 0.15 Vdc) 30 80 -
(Ic = 24 mAdc, Vcg = 0.20 Vdc) 24 90 -

Collector-Emitter Saturation Voltage VCE(sat) Vdc
(Ic = 12 mAdc, Ig = 0.4 mAdc) - 0.09 0.15
(Ic = 24 mAdc, Ig ='1.0 mAdc) - 0.09 0.20

Base-Emitter Voltage VBE Vdc
(Ic = 12 mAdc, ig = 0.4 mAdc) - 0.27 0.35
(Ic = 24 mAdc, I = 1.0 mAdc) - 0.30 0.40

SMALL-SIGNAL CHARACTERISTICS

Alpha Cutoff Frequency fhio 4.0 25 - MHz
(Ig = 1.0 mAdc, Vg = 6.0 Vdc)

Output Capacitance Cob pF
(Ve = 6.0 Vdc, Ig =0, = 1.0 MHz) 2N404 - 8.0 20
(Vg = 6.0 Vdc, Ig = 1.0 mAdc, f = 2.0 MHz) 2N404A - 8.0 20

Input Impedance hie - 36 - k ohms
(ic = 1.0 mAdc, VcE = 6.0 Vdc, f = 1.0 kHz)

Voltage Feedback Ratio hre - 8.0 - x 1074
(Ic =1.0 mAdc, Vg = 6.0 Vdc, f = 1.0 kHz)

Smali-Signal Current Gain hfe - 135 - -
(I¢ = 1.0 mAdc, Vg = 6.0 Vdc, f = 1.0 kHz)

Output Admittance hoe - 50 - umhos

(Ic = 1.0 mAdc, VGE = 6.0 Vdc, f = 1.0 kHz)

SWITCHING CHARACTERISTICS

Delay Time (Figure 1) t4 - 0.07 - us
Rise Time (Figure 1) tr - 0.12 — us
Storage Time (Figure 1) tg - 0.20 - us
Fall Time (Figure 1) t§ - 0.10 - us
Stored Base Charge (Figure 2) Qg — 300 1400 pC
*Indicates JEDEC Registered Data.
(1)vp' is determined by measuring the emitter-base floating potential VEgf¢|. using a with 11 ini input
i The base voltage, Vg, is increased until VEgf| = -1.0 Vdc; this value of Vg = (Ve + 1),
FIGURE 1 — SWITCHING TIMES TEST CIRCUIT FIGURE 2 — STORED BASE CHARGE TEST CIRCUIT
0-250 pF -6.0V
10 uF 5.0k 0
TG e 560
A Vin| [>50us
I OUTPUT c1 60V
INPUT 2 56 1uF | 0.14F) 10uF] O ouTRUT

ov O——N\—4
? ~ =~ Td- T INPUT 5600 ?
: - oy [ == Vout
0 - -
Vin
-10 VE\_J— C1 is increased until the toff time of the

output waveform is decreased to 0.2 us.

Qg is then calculated by Qgp = C1 Vjp.
Vout

NOTES: 1. Input pulse supplied by g with following c. Rise and fall time: 20 ns Max b. Input capacitance — 15 pF Max
characteristics: 2. Waveforms monitored on scope with following c. Rise time — 15 ns Max
a. Output impedance: 50 Ohms characteristics: 3. All resistars + 1.0% tolerance.
b. Repetition rate: 1.0 kHz a. Input resistance — 10 Megohms Min
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2n44 1 (GERMANIUM)

2n442 . . .

PNP germanium power transistors for power switch-
2N443 ing and amplifier applications. Power and temperature
ratings exceed EIA registration.

CASE 5
(T0-36)

MAXIMUM RATINGS

Rating Symbol | 2N441 |2N442| 2N443 | Unit
Collector-Emitter Voltage VCES 40 45 50 Vdc
Collector-Base Voltage VCB 40 50 60 Vde
Emitter-Base Voltage VEB 20 30 40 Vde
Base Current — Continuous IB 4.0 Adc
Emitter Current — Continuous IE 15 Adc
Total Device Dissipation @ TC =25°C PD 150 Watts
Operating Junction Temperature Range T 3 -65 to +95 °C

(EIA Registered)
Operating Junction Temperature Range T 3 -65 to +100 °C
. THERMAL CHARACTERISTICS
Thermal Resistance, Junction to Case GJC 1.0 °C/W
(EIA Registered) i
Thermal Resistance, Junction to Case aJC 0.5 °C/W

FIGURE 1 — POWER-TEMPERATURE DERATING CURVE
160

140 |— AN

Manufacturer
120

100

80

s e e cm—

60 =~ <

N
\\
EIA registered |~~~
20 ™~

N

0 ~

0 20 40 60 80 100
Tc, CASE TEMPERATURE (°C)

Pp, POWER DISSIPATION (WATTS)

The maximum continuous power is related to maximum junction temper-
ature, by the thermal resistance factor.
This curve has a value of 150 Watts at case temperatures of 26°C and is
0 Watts at 100°C vcvith a linear relation between the two temperatures such that
100" = T¢

PD allowable = 05
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2N441 thru 2N443 (continued)

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

Characteristic I Symbol J Min I Typ | Max l Unit I
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage* BVCEO‘ Vde
(IC =1.0 Ade, Ig = 0) 2N441 25 - -
2N442 30 - -
2N443 45 - -
Collector-Emitter Breakdown Voltage* BVCES* Vde
(IC = 300 mAdc, VeE = 0) 2N441 40 - -
2N442 45 - -
. 2N443 50 - -
Floating Potential VEBF Vdc
(VCB =40 Vdc, Ig = 0) 2N441 - - 1.0
(VCB =50 Vdc, Ig = 0) 2N442 - - 1.0
(VCB =60 Vdc, I = 0) ) 2N443 - - 1.0
Collector Cutoff Current ICBO mAdc
(VCB=2.0 Vde, I =0) - 0.1 - -
(VCB =40 Vde, I = 0) 2N441 - 2.0 8.0
(VCB =50 Vde, I = 0) 2N442 - 2.0 8.0
(VCB =60 Vdc, Ip = 0) 2N443 - 2.0 8.0
(ch =40 Vdc, IE =0, TB = 71°C) 2N441 - - 15
(VCB =50 Vde, Ig =0, Tg = 71°C) 2N442 - - 15
(VCB =50 Vde, Ip =0, Ty = 71°C) 2N443 - - 15
Emitter Cutoff Current l15:1:3,0 mAdc
(VBE =20 Vde, Ic = 0) 2N441 » - 1.0 8.0
(VBE =30 Vdc, Ic= 0) 2N442 - 1.0 8.0
(VBE =40 Vdc, Ic= 0) 2N443 - 1.0 8.0
ON CHARACTERISTICS
DC Current Gain hFE 0 -
(IC =5.0 Adc, VeE = 2.0 vdc) 20 -
(IC =12 Adc, Veg = 2.0 Vdc) - 20 -
Collector-Emitter Saturation Voltage VCE( sat) Vde
(IC =12 Adc, Ig= 2.0 Adc) 2N441 - 0.3 -
2N442 - 0.3 -
2N443 - 0.3 1.0
Base-Emitter Voltage VBE Vde
(Ic =5.0 Adc, Veg =2-0 Vdc) 2N441 - 0.65 -
2N442 - 0.65 -
2N443 - 0.65 0.9
DYNAMIC CHARACTERISTICS
Common-Emitter Cutoff Frequency fae kHz
(Ic =5.0 Adc, VeE = 6.0 Vdc) - 10 -
SWITCHING CHARACTERISTICS
Rise Time tr 5 us
(VCE =12 Vdc, Ic= 12 Adc, Iy= 2.0 Adc) - -
Fall Time tf 5 us
(IC =0, VBE =6.0 vdc, RBE =10 ohms) - 1 -

* Pulse Test: Pulse Width = 300 pus, Duty Cycle = 2.0%.



2N441 thru 2N443 (continued)

TYPICAL COMMON-EMITTER CHARACTERISTICS

FIGURE 2 — OUTPUT CHARACTERISTICS FIGURE 3 — OUTPUT CHARACTERISTICS
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2NA56A (cermanium)
nASTA

n458A

7 AMPERE
PNP GERMANIUM POWER TRANSISTORS POWER TRANSISTORS
PNP GERMANIUM
. i - o 40-60-80 VOLTS
. . . designed for general-purpose power amplifier and switching 85 WATTS

applications.

® High DC Current Gain —
hgg =30-90 @ Ic = 5.0 Adc

® | ow Collector-Emitter Saturation Voltage —
VCE(sat) = 0.5 Vdc (Max) @ Ic = 5.0 Adc

*MAXIMUM RATINGS

Rating Symbol | 2N456A| 2N457A [2N458A | Unit
Collector-Emitter Voltage VCEO 20 30 40 Volts
Collector-Base Voltage Vce 40 60 80 Volts
Emitter-Base Voltage VER |--—— 20 ——| Volts
Collector Current Ic ———— 7.0 —» Adc
Base Current g - 3.0 — ] Adc
Total Device Dissipation @ T¢ = 25°C PD 85 Watts

Derate above 25°C 1.0 W/°C
Operating and Storage Junction T4 Tstg |~*—-651t0+110 ——»=| °c
Temperature Range

*Indicates JEDEC Registered Data.

{~———1550 MAX
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2N456A, 2N457A, 2N458A (continued)

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

r Characteristic Symbol l Min r Max Unit
OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage BVcEo Vde
(Ic =200 mAdc, Ig = 0) 2N456A 20 -
2N457A . 30 -
2N458A 40 -

Collector-Base Cutoff Current IcBO mAdc
(Ve =20 Vdc, Ig =0) 2N456A - 0.5
(Vcg =30 Vvdc, Ig =0) 2N457A - 0.5
(Vcg =40 Vdc, Ig = 0) 2N458A - 0.5
(Vcg =40 Vdc, Ig = 0) 2N456A - 2.0
(Vcg = 60 Vdc, Ig = 0) 2N457A - 2.0
(Vcg =80 Vdc, Ig = 0) 2N458A - 2.0
(Vcg =40 Vdc, Ig =0, T = +71°C) 2N456A - 10
(Vg =60 Vdc, Ig =0, Tg = +71°C) 2N457A - 10
(Vcg =80 Vdc, Ig =0, Tg = +71°C) 2N458A - 10

Emitter-Base Cutoff Current IEBO - 2.0 mAdc

(VEB =20 Vdc, Ic =0)

ON CHARACTERISTICS

DC Current Gain hFg -
(Ic =1.0 Adc, Vcg = 1.5 Vdc) 40 -
(Ic =3.0 Adc, Vcg = 1.5 Vdc) 35 -
(Ic =5.0 Adc, Vcg = 1.5 Vdc) 30 90
(ic =7.0 Adc, Vcg = 1.5 Vdc) 22 -
Collector-Emitter Saturation Voltage VCE(sat) - 05 Vdc
(Ic = 5.0 Adc, Ig = 500 mAdc)
Base-Emitter Voltage VBE - 1.5 Vdc

(lc =5.0 Adc, Vg = 1.5 Vdc)

DYNAMIC CHARACTERISTICS

Current-Gain—Bandwidth Product fr 200 - kHz
(Ic =1.0 Adc, Vcg = 2.0 Vdc)

Input Impedance hie - 28 Ohms
(Ic =5.0 Adc, Vcg = 1.5 Vdc)

*Indi JEDEC F

gi ed Data.

2N459,A (GERMANIUM)

For Specifications, See 2N378 Data.



2n460, 28461 (GErmANIUM)

PNP germanium transistor for general purpose

industrial applications.
CASE 31(1)
(TO-5)

Base connected to case

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Base Voltage v CB 45 Volts
Collector-Emitter Voltage (RBE =1K) v CER 35 Volts
Emitter-Base Voltage VEB 10 Volts
Collector Current IC 400 mA
Collector Dissipation PD

at 25° C Case Temperature 500 mwW
Derate above 25°C 6.7 mW/°C
at 25° C Ambient Temperature 225 mwW
Derate above 25°C 3.0 mW/°C
Junction Temperature Range T 3 -65 to +100 °C

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

Characteristics Symbol| Min [Typical] Max | Unit
Collector-Base Cutoff Current ICBO pAdc
(VCB = 45 Vdc) ——— - 15
Emitter-Base Cutoff Current lEBO uAdc
(VEB = =10 Vdc) -—- - 10
Collector-Emitter Voltage BV CER Vde
(IC =1 mAdc,RBE =1K) 35 - -
Small-Signal Current Gain hfb -
(Vg =-6 Vdc, I, = 1 mAdc, f = 1 kHz 2N460 0.94 0.96 0.972
CB E
2N461 0.955 | 0.968 | 0.988
Small-Signal Current Gain h -——
Iy _ _ 2N460 fe 17 36
(VCB = -6 Vdc, IE =1 mAdec, f = 1 kHz) IN461 31 -—-- 200
Reverse Voltage Ratio h x10-4
(VCB = -6 Vdc, IE =1 mAdc, f = 1 kHz) 2N460 b -— 2.0 15
2N461 -—- 3.0 15
Input Resistance h.b Ohms
(VCB - -6 Vdc, IE =1 mAdc, { = 1 kHz) 2N460 ! 25 30 40
2N461 25 --- 40
Output Admittance h b pumho
(VCB = -6 Vdc, IE = 1 mAdc, f = 1 kHz) 2N460 o --- 0.8 1.5
2N461 - 0.5 1.5
Frequency Cutoff f MHz
(Vg = -5 Vdc, I = 1 mAdc) 2N460 | o L2 | ---
2N461 — 4.0 ——
Output Capacitance C ob pF
(VCB = -10 Vdc, IE =1 mAdc, f = 1 MHz) --- 20 ---
Noise Figure NF dB
(Vog = 4.5 Vdc, I =0.5 mAdc, R, = 1 K, f = 1kHz)2N460 - 5.0 | ---
g 2N461 --- 4.0 | ---




2N464 thrv 2n467 (GERMANIUM)

PNPgermanium transistor for general purpose appli-
cations in the audio-frequency range.

CASE 31(1)
(TO-5)

All leads isolated W\

MAXIMUM RATINGS

Rating Symbol | 2N464 | 2N465 | 2N466 | 2N6T | Unit
Collector-Base Voltage VCB 45 45 35 35 Volts
Collector-Emitter Voltage VCER 40 30 20 15 Volts
Emitter-Base Voltage VEB 12 Volts
DC Collector Current IC mA
500
Max. Junction & Storage Temperature T 7 and °C
Tstg
100
Collector Dissipation,Ambient PD mW
200
Derate above 25°C 2. 67 mW/°C
Thermal Resistance, Junction to Ambient 2 0.375 °C/mW

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

Characteristic Symbol Min | Typ | Max Unit
Collector-Emitter Breakdown Voltage BV CER Vdc
(IC = 0.6 mAdec, RBE= 10 K ohms) 2N464 40 - -
2N465 30 | - -
2N466 20 | - -
2N467 15 | - -
Collector-Base Cutoff Current ICBO uAdc
(VCB= 20 Vdc) - 6.0 15
Small Signal Current Gain Cutoff Frequency f ob MHz
(vCB = 6 Vdc, IE = 1 mAdc) 2N464 - 0.7 | -
2N465 - 0.8 | -
2N466 - 1.0 | -
2N467 - 1.2 | -
Small Signal Current Gain hf e -
(VCE = 6 Vdc, IE = 1.0 mAdc, f = 1 kHz) 2N464 14 26 | —
2N465 27 45 | —
2N466 56 90 | -
2N467 112 180 | -




2N464 thru 2N467 (continued)

ELECTRICAL CHARACTERISTICS (continued)

Characteristic Symbol Min | Typ | Max Unit
Small Signal Input Impedance hi e Ohms
=6Vde, I.=1. c, = Z N - -
(VCE 6 vd IE 1.0 mAdc, £ = 1 kHz) 2N464 900
2N465 - 1400 | —
2N466 - 3000 | —
2N467 - 5500 | —
Small Signal Power Gain Ge dB
(VCE =6Vdc, I =1.0 mAdc, f = 1kHz, matched) 2N464 - 40 | —
2N465 - 42 | -
2N466 - 44 | -
2N467 - 45 | -
Noise Figure NF dB
(vCE = 2.5 Vdc, IE = 0.5 mAdc, f=1 kHz | Rg = 10 Kohms, - - 22
Af =1 Hz

POWER-TEMPERATURE DERATING CURVE
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499

Germanium PNP high frequency transistors designed

for driver applications, small-signal amplification, wide

(2N499 JANAVAILABLE) band video amplifiers, and VHF/UHF oscillators.

n499A

(2N499A JANAVAILABLE)

502

CASE 149 2N499, 2N499A
2N 502 A (TO-)  2N499JAN, 2N499A JAN
(2N502A JAN AVAILABLE)
on302B
(2N502BJAN AVAILABLE)
an1742
‘2N502,A,B,
CQSOE_;' 2N502A,B, JAN
2N1742
MAXIMUM RATINGS
2N499
: N499 JAN 2N5024, B .
Rating Symbol| “N400a | 2N502 | 2N502AJAN | 2N1742 | Unit
2N499A JAN 2N502B JAN
Collector-Base Voltage CB 30 20 30 20 Vdc
Emitter-Base Voltage : VEB 0.5 0.5 0.5 0.5 Vde
Collector Current IC 50 50 50 50 [mAdc
Total Device Dissipation PD 60 60 75 60 mW
Operating Junction T, 100 100 100 125 °C
Temperature Range

2-41




2N499, A/2N499JAN, A/2N502, A, B/2N502JAN, A, B/2N1742 (continued)

ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)

r Characteristic | Symbol I Min l Max l Unit
OFF CHARACTERISTICS
Collector Cutoff Current IC BO uAdce
(Vo = 10 Vde, Ip = 0) 2N502, A, B - 5.0
2N502A, BJAN - 4.0
2N1742 - 10
(vCB =15 Vdc, I = 0) 2N499, A, 2N499,A JAN - 10
DYNAMIC CHARACTERISTICS
Current-Gain-Bandwidth Product fT MHz
(I = 2.0 mAde, Vi =10 Vde, f = 20 MHz) 2N499, A, 2N499, A JAN 120 -
(IC = 2.0 mAdc, Veg = 10 vdc, f = 100 MHz) JAN2N502A, B 150 600
Output Capacitance Cob pF
(Vog = 10 Vde, Ip =0, f= 4.0 MHz) 2N499, A, 2N499, AJAN - 2.5
2N502 - 2.0
2N5024, B - 1.6
2N502A, BJAN - 1.6
Small-Signal Current Gain hfe -
(Ic = 1.0 mAdc, Veg = 9.0 Vdc, f = 1.0 kHz) 2N499, A, 2N499, A JAN 20 80
(IC = 2.0 mAdc, VeE = 10 vde, f = 1,0 kHz) 2N502 9.0 -
2N502A 15 -
2N502B ) 20 80
2N502A JAN 15 200
2N502B JAN 25 80
Collector-Base Time Constant rb'C c ps
(I, = 2.0 mAde, Vp =10 Vde, £ =46 MHz) 2N499, AJAN 5.0 50
2N499 - 250
2N499A 5.0 250
2N502 - 120
2N502A, B 5.0 50
'2N502A, BJAN 5.0 25
Noise Figure NF dB
(VCB =10 Vdc, IE =2.0 mAdc, f = 200 MHz) 2N502A, 2N502A JAN - 7.0
2N502B, 2N502B JAN - 7.0
(Voo =12 Vde, I = 2.5 mAdc, f = 200 MHz) 2N1742 - 5.5
FUNCTIONAL TESTS
Power Gain PG dB
Vv =10 Vde, I, = 2.0 mAdc, f = 100 MHz) 2N499, A, 2N499, A JAN 7.5 -
( CB ’ E ’
(VCB =10 Vdc, IE = 2.0 mAdc, f =200 MHz) 2N502 8.0 -
2N502A 10 -
2N502B 10 -
2N502A, B JAN 10 20
(VCB =12 Vdc, Ip = 2.5 mAdc, =200 MHz) 2N1742 14 19

2508 (GermaNIUM)

FOR SPECIFICATIONS, SEE 2N322 DATA.
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2N508A (GERMANIUM)

PNP Germanium Milliwatt transistor designed for low
noise audio and switching applications.

® Small-Signal Current Gain —
hfe = 180 (Max) @ Ig = 1.0 mAdc

® Low Noise Figure Applications —

CA?E 31) 1 NF = 5.0 dB (Max) @ IC = 1.0 mAdc
TO-5
Base connected to case

MAXIMUM RATINGS

Rating Symbol Value Unit
*Collector-Emitter Voltage VCER 25 Vdc
(RBg = 10 kohms)
*Collector-Emitter Voltage VeEs 30 Vdc
*Collector-Base Voltage CB 30 Vdc
*Emitter-Base Voltage VEB 10 Vdc
*Collector Current IC 200 mAdc
*Total Device Dissipation @T AT 25°C P, 200 mW
Derate above 25°C 2.67 mW/°C
Operating and Storage Junction ‘ T,T -65 to +100 °c
J’ “stg
Temperature Range

*Indicates JEDEC Registered Data



2N508A (continued)

ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)

Characteristic Symbol Min Max Unit
OFF CHARACTERISTICS
*Collector-Emitter Breakdown Voltage BVCER Vdce
(IC =600 pAdc, RBE =10 k ohms) 25 -
*Collector Cutoff Current ICBO uAde
(VCB =25 Vdc, IE =0) - 7.0
*Emitter Cutoff Current IEBO nAde
(VBE =10 Vde, IC =0) - 7.0
ON CHARACTERISTICS
*DC Current Gain hFE -
(IC =20 mAdc, VCE =1.0 Vdc) 100 200
*Base-Emitter Voltage VBE Vdc
(IC =20 mAdc, VCE = 1.0 Vdc) 0.18 0.32
SMALL-SIGNAL CHARACTERISTICS
*Cutoff Frequency iab MHz
(IE = 1.0 mAdc, VCB =5.0 Vdc, f = 1.0 kHz) 2.5 -
*Output Capacitance Cob pF
(VCB =5.0 Vde, IE = 1.0 mAdc, f = 1.0 MHz) - 35
*Input Impedance h, Ohms
(Ig = 1.0 mAde, Vg =5.0 Vdc, £ = 1.0 kHz) ib 26 31
*Voltage Feedback Ratio h
(Ig = 1.0 mAde, Vg =5.0 Vde, £ = 1.0 kiz) rb 1.0 17 | x1074
*Small-Signal Current Gain hfe -
(lE = 1.0 mAdc, VCB =5.0 Vdc, f = 1.0 kHz) 75 180
*QOutput Admittance h umhos
(I = 1.0 mAdc, V. =5.0 Vdc, f = 1.0 kHz) ob 0.1 0.9
Noise Figure NF dB
(IC = 1.0 mAdc, VCB =5.0 Vdc, RS =500 ohms, - 5.0
f=1.0 kHz, Af =1.0 Hz)

*Indicates JEDEC Registered Data.
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2N524 thrv 28527 (GERMANIUM)

< > 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(1)
(TO-5)

Base connected to case

MAXIMUM RATINGS

Rating Symbol Valve Unit
Collector-Base Voltage VCB 45 Vdc
Collector -Emitter Voltage VCEO 30 Vde
Emitter-Base Voltage VEB 15 Vdc
Collector Current IC 500 mAdc
Storage and Operating Temperature Tstg’ TJ -65 to +100 °C
Collector Dissipation PD 225 mwW
@ 25°C Ambient

Thermal Resistance OJA 0.333 °C/mW
Junction to Ambient

Thermal Resistance OJC 0.15 °C/mW
(infinite heat sink) ‘

245



2N524 THRU 2N527 (continued)

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

Characteristics Symbol Min Max Unit
Collector Cutoff Current ICBO - 10 uAdce
(VCB = 30 Vde, IE =0)
Emitter Cutoff Current IEBO - 10 pAdce
(VEB =15 Vde, lC =0)
Collector-Emitter Breakdown Voltage BVCER 30 - Vdc
Clc = 0. 6 mAdc, RBE = 10K)
Collector-Emitter Reach Through VRT 30 - Vdce
(Punch-Thru) Voltage
(Vgg =1 Vde, VIVM Z 2 1 Megohm)
Static Forward-Current Transfer Ratio hFE
(VCE =1 Vdec, Ic = 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, IE = 1 mAdc) 2N524 0.8 5.0 MHz
2N525 1.0 5.5
2N526 1.3 6.5
2N527 L5 7.0
Output Capacitance Cob
(VCB =5 Vde, IE =1 mAdc, f = 1 MHz) 5.0 40 pF
Small-Signal Open Circuit Output Admittance h ob
(VCB =5 Vdc, IE =1 mAdc, f =1 kHz) 2N524 0. 10 1.3 umho
2N525 0.10 1.2
2N526 0.10 1.0
2N527 0. 10 0.9
Small-Signal Open Circuit Reverse Transfer hrb
Voltage Ratio 4
(\'f =5 Vde, I =1 mAdec, f =1 kHz 2N524 1.0 10 X10
CB E
2N525 1.0 11
2N526 1.0 12
2N527 1.0 14
Small-Signal Short Circuit Input Impedance hib
(VCB =5 Vde, IE = 1 mAdc, f =1 kHz) 2N524 26 36 ohms
2N525 26 35
2N526 26 33
2N527 26 31
Collector-Emitter Saturation Voltage VCE (sat)
(IB = 2 mAdc, lc = 20 mAdc) 2N524
(IB = 1.33 mAde, Ic = 20 mAdc) 2N525 - 130 mVdc
(]B =1, 0 mAdc, IC = 20 mAdc) 2N526 - 130
(IB = 0,67 mAdc, Ic = 20 mAdc) 2N527 - 130
- 130
Base Input Voltage VBE
[\ cg = 1Vde, IC = 20 mAdc) 2N524 220 320 mVdc
2N525 200 300
2N526 190 280
2N527 180 260




2N524 thru 2N527 (continued)

ELECTRICAL CHARACTERISTICS (continued)

Characteristics Symbol Min Max Unit
Noise Figure NF - 15 a8
(VCB =5 Vdc, IE =1 mAdc,
f=1kHz,BW =1 Hz
Small-Signal Short-Circuit h fe
Forward-Current Transfer Ratio 18 .
(\'%4 =5 Vdc, I =1 mAde, f=1 kHz) 2N524 -
CE ' 'E ’ 2N525 30 64
2N526 44 88
2N527 60 120
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2n554 (Germanium)

2N555 For Specifications, See 2N178 Data.

JAN 2N559-1 (cermanium)

JAN 2n559-2
JaN 2n559-3*

PNP germanium mesa transistors designed for mil-
itary and industrial high-reliability, high-speed switch-
ing applications.

CASE 22
(TO-18)

Collector connected to case

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage VeEs 15 Vde
Collector-Base Voltage VeB 15 Vde
Emitter-Base Voltage VEB 5.0 Vde
Collector Current Ic 50 mAdc
Base Current Ig 50 mAdc
Emitter Current Ig 50 mAdc
Total Device Dissipation @ To = 25°C Pp 150 mW

Derate above 25°C 2.0 mW/°C
Total Device Dissipation @ T c = 25°C Pp 300 mW

Derate above 25°C 4.0 mwW/°C
Operating Junction Temperature Range Ty -65 to +100 ocC
Storage Temperature Range Tstg -65 to +150 oc

* Level 3 reliability data shown for information only. Qualification tests will be initiated upon established
customer requirements.
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JAN 2N559-1, -2, -3 (Continued)

RELIABILITY RATINGSt

Est. Max
QUALITY LEVELS (LTPD) RELIABILITY LEVELS Failure
Maximum failure rate () during first Rate in
1000 hours with 90% confidence. Cor]serva-
Eﬁ:':; Operation Life Storage Life D;::;Ly od
Level Pp =150 mW Equipment
Indi- Group A Group B I¢=50 mA 1. =100°C T.=150°C | %/1000
cator Subgroups Subgroups T, =25 A A Hrs
Major | Minor | Major | Minor | Major | Minor | Major | Minor | Major | Minor
Defect | Defect | Defect | Defect | Defect | Defect | Defect | Defect | Defect | Defect
) 3.0 5.0 10 20 10 20 10 20 20 - 0.1
@) 1.5 3.0 5.0 15 50 15 1.5 3.0 7.0 20 0.01
(3)* 1.0 2.0 3.0 | 7.0 2.0 5.0 | 0.2 0.5 1.0 3.0 0.001
1 This table relates the statistical sampling requirements in the specification to the reliability levels for the

transistor.

customer requirements.

TABLE | - GROUP A INSPECTION

Level 3 reliability data shown for information only. Qualification tests will be initiated upon established

LTPD for Limit
. STD- Respective Reliability Level
Examination or Test MILSTD-750 pec ty Symbol X - . Unit
Method Total © | Major Requirement Limit Defect Classification
1) @@ @] G Min | Max Minor Major
SUBGROUP 1
Visual and Mechanical Examination 2071 wl715] 75|83 _— _ - _ —_ -
SUBGROUP 2 513f2| 3j15]1.0
Emitter-Base Cutoff Current 3061 IgBo pAde
(Vgg = -1 Vde) Condition D - 50 >5to 10 >10
Collector-Base Cutoff Current 3036 Icso MAde
(Vep = -5 Vde) Condition D — 30 >3t05 >5
Emitter-Base Breakdown Voltage 3026 BVgpo Vde
(Ig = -200 pAdc) Condition D 5.0 _ 3.5 to<5 <3.5
Collector-Emitter Breakdown Voltage 3011 BVCES Vde
(Ic = -100 pAdc) Condition C 15 -— 12 to <15 <12
SUBGROUP 3 513)2]3]15{10
Collector-Emitter Saturation Voltage 3071 VCE(sat) Vde
(Ic = =50 mAde, Ig = -1.5 mAdc) — 10 >1.0to 1.2 >1.2
(Ic = -10 mAdc, Ig = -0.4 mAdc) —_ 0.3 >0.3 t0 0.35 >0.35
Base-Emitter Saturation Voltage 3066 VBE(sat) Vde
(Ic = ~10 mAdc, I = -0.4 mAdc) Condition A 0.32 0.44 0.30 t0<0.32 <0.30
and and
0.44 to 0.50 >0.50
DC Current Gain 3076 hpg -
(Ic = -10 mAdc, Vo = -0.5 Vdc) 25 150 20 to<25 <20
and and
>150 to 200 >200
SUBGROUP 4. 5|13fj2)3j15[10
Rise Time 3251 tr ns
(Vee = -3.5 vde, VBE(oﬁg = 0.5 Vdc, Condition A — 95 >95 to 115 >115
Ipy = -0.55 mAdc, Rc = 300 ohms,
CcE= 150 pF, Ccp = 2*8.5 pF)
Storage Time 3251 ts ns
(Voo = -3.5 Vde, Ig; = -1 mAdc, Condition A - 9% >95 to 115 >115
Igy = 0.25 mAdc, RBC = 300 ohms)
Fall Time 3251 ty ns
(Vg = =35 Vde, Ig; = -1 mAde, Condition A - 100 >100 to 120 >120
Igz = 0.25 mAdc, R = 300 ohms,
cpcg - 2705 pF)

NOTES:

@ Total is defined as the sum of the major and minor defectives.

2—-49




JAN 2N559-1, -2, -3 (Continued)

TABLE !l - GROUP B INSPECTION

LTPD for Limit
Examinati T MIL-STD-750 |Respective Reliability Level .
Xaminafion or Test Method Total 4 Maior Symbol Requirement Limit Defect Classification Unit
M@ [Emi@ fe) Min Max Minor Major
SUBGROUP 1
Physical Dimensions 2066 20 115 |7 |—|—|— —_ —_ —_ - —_ i
SUBGROUP 2 5 3 2 3151
Moisture Resistance 1021 — — — —_ _ _
(No initial conditioning; one cycle;
only steps 1 to 6)
Emitter-Base Cutoff Current 3061 KEBO uAde
(Vgg = -1 Vdc) Condition D _ 10 >10 to 20 >20
Collector-Base Cutoff Current 3036 Iceo uAde
(Vep = =5 Vdc) Condition D - 5.0 >5 to 10 >10
DC Current Gain 3076 hpg —_—
(Ic = -10 mAde, Veg = -0.5 Vde) 20 200 15 to <20 <15
and and
>200 to 250 >250
SUBGROUP 3 20 15 {7110| 5 |3
Tension 2036 —_ —_ — —_ —_ —
Condition A
Solderability 2026 —_ —_ - -— — —_
Temperature Cycling 1051 —_ — - -— — —_
(5 cycles) 5 Condition B
T(ugn) = 1007y °C  2N559 (1)
T(high) = 150 *5 OC  2N559 (2),
2N559 (3)
Thermal Shock (Glass Strain) 1056 _ -— — — — —
Condition A
Moisture Resistance 1021 _ —_ —_ - - —
End-Point Tests: Same as Subgroup 2
SUBGROUP 4 20 |15 7110 |5 |3
Shock 2016 —_ - — — - -
(Non-operating; 5 blows: 1500 G in
Orientations X;, Yy, Yy, and Zy
(total = 20 blows)
Constant Acceleration 2006 — —_ —_ - —_ —
(20,000 G, Orientations X,, Y, Y,
and 2y)
Vibration Fatigue 2046 - _ —_ —_ — —_
(No bias applied)
Vibration, Variable Frequency 2056 _ _ —_ —_ — —_
(1 cycle each in Orientations X;, Yj,
and Z;)
End-Point Tests: Same as Subgroup 2
SUBGROUP 5 20 {15 | 7110 | 5 |3
Terminal Strength - Lead Fatigue@ 2036 —_ —_ —_ — — —_
Condition E
SUBGROUP & 20 |— |— |10 |— |—
High-Temperature Life (Non-operating) 1031 —_ - — - - —
+0 2N559 (1) ONLY
(Tgpg = 100 5 °C
End-Point Tests: Same as Subgroup 2
SUBGROUP 7 — 20 |3 |—=f71
High-Temperature Life (Non-operating) 1031 _ —_ —_ —_ _ —_
+0 2N559 (2),
- [
(Tstg =150 5 %) o559 (3)
End-Point Tests: Same as Subgroup 2
SUBGROUP 8 20 15 |5 10| 5 |2
Steady-State Operation Life 1026 _ —_ —_ —_ —_ -
(g = 50 3 made, Pp = 150_‘12 mw,
Ta =25 13%)
End-Point Tests: Same as Subgroup 2

NOTES: (1) Total is defined as the sum of the major and minor defectives.
@ Rejects from prior electrical-test samples from the same lot may be used for this test.




JAN 2N559-1, -2, -3 (Continued)

TABLE Ill - GROUP C INSPECTION®

LTPD for Limit
Examinati T MIL-STD-750 |Respective Reliability Level symbol Ui
xamination or Test m| . - . T Init
¢ Method Total Major Y Requirement Limit Defect Classification
M{@)@mi@}3 Min Max Minor Major
SUBGROUP 1 1071515 (|3]2
Output Capacitance 3236 Cob pF
(Vcp = =5 Vde, Ig = 0, f = 100 kHz) — 6.0 >6to 10 >10
Current-Gain — Bandwidth Product 3261 i MHz
(Ig = 10 mAde, Vo = -1 Vde, 300 1000 250 to <300 <250
f= 100 MHz) llr(l)doo
>
Delay Plus Rise Time 3251 t b+ !‘_ ns
(Ve = =3.5 Vde, Vgp(o * 0.5 Vde, Condition A — 50 >50 to 75 >75
Ig; = -1 mAde, Rg = &% ohms,
Cep = 210" pF, Cpp = 2 105 pF
SUBGROUP 2 1017155 |3]2
Collector-Emitter Cutoff Current 3041 ]CES KuAde
(Vog =5 Vde, Ty =+ 55°C) Condition C —_— 40 >40 to 50 >50
DC Current Gain 3076 hPE -—
(Ig = -10 mAde, Vg = -0.5 Vde, 10 - 81t0<10 <8
T, = -55°C)
SUBGROUP 3 20 J15 | 7 {10 |5 |3
Salt Atmosphere (Corrosion) 1041 — - - - — —_
End-Point Tests:
Same as Group B, Subgroup 2
SUBGROUP 4 — 20 {10 {~ JO |5
High-T Life (N 1031 - - - - —_ —_
+0
(Tgtg = 100 5 o¢)
End-Point Tests:
Emitter-Base Breakdown Voltage 3026 BVppo Vde
(Ig = -300 uAdc) Condition D 5.0 — 3.5 to <5 <35
Collector-Emitter Breakdown Voltage 3011 BVcEs Vde
(Ig = -100 pAdc) Condition C 12 — 8to<12 <8
Collector-Emitter Saturation Voltage 3071 VCE( sat) Vde
(Ic= -10 mAdc, Ig = -0.5 mAdc) - 0.3 >0.3t0 0.6 >0.6
Base-Emitter Saturation Voltage 3066 VBE(sat) 0.31 0.47 0.25 t0<0.31 <0.25 Vde
(Ic = -10 mAde, 1g = -0.4 mAdc) Condition A and and
>0.47 to 0.55 >0.55
Delay Time 3251 tq ns
(Vo = -3.5 Vde, Vgp(ogq) = 0.5 Vde, Condition A
150 -0.55 made, Ke =300 ohms,
+0.5
Ceg = 150pF, Ccp = 2 ;™ PF, 10 3 <10 and >45
Cpg = 2%0.5 pF) >35 to 45
Rise Time 3251 t. ns
(Vg = -3.5 Vde, VBE(ogp) = 0.5 Vde, | Condition A 15 105 <15 and >125
Ipg = -0.55 mAde, Rg %00 ohms, >105 to 125
CcE = 150 pF, Ccp = 210" pF)
Storage Time 3251 ts ns
(Vog = -3.5 Vde, Ig; = -1 mAde, Condition A 15 105 <15 and >125
Ipz = 0.25 mAde, 15; = 300 ohms) >105 to 125

* Group C is to be performed on the first lot and every 6 months thereafter.
NOTE: (1) Total is defined as the sum of the major and minor defectives,

anO18 (GErmaNIUM)

For Specifications, See 2N375 Data.




2n050A, 28650 (cermanium)

2n651A, 2n651
26524, 2n652

speed switching applications.

Greater Gain Stability

0.2 Vde Typ @ Ic = 200 mA

® Low Collector-Emitter Saturation Voltage —

® Stabilization Bake at 100°C for 120 Hours for

GERMANIUM PNP MILLIWATT TRANSISTORS

.. . designed primarily for low-power audio amplifier and medium-

AUDIO TRANSISTORS
GERMANIUM PNP

45 VOLTS

200 MILLIWATTS

*MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage (Rgg = 10 k ohms) VCER 30 Vdc
Collector-Base Voltage Vce a5 Vvdc
Emitter-Base Voltage VeB 30 Vde
Collector Current — Continuous (1) Ic 500 mAdc
Total Device Dissipation @ T = 25°C Pp 200 mw

Derate above 25°C 2.67 mw/°c
Operatingand Storage Junction Temperature Range Ty Tstg -65 to +100 °c
Maximum lead temperature is 260°C for 3.0 seconds,
1/16" + 1/32” from case.
(1) Limited by power dissipation.

*THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit

Thermal Resistance, Junction to Case 0,c 0.250 °c/mw
Thermal Resistance, Junction to Ambient VN 0.375 oc/mw

*Indicates JEDEC Registered Data.

FIGURE 1 — POWER-TEMPERATURE DERATING
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2N650A,2N650/2N651A,2N651/2N652A,2N652 (continued)

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

| Characteristic [ symbot | min | max [ unit
OFF CHARACTERISTICS
Floating Potential )y VEBF —. 1.0 Vdc
(Vg = 45 Vdc, Ig = 0, voltmeter input resistance 2 10 megohms)
Collector Cutoff Current ICER — 600 mAdc
(VcE = 30 Vdc, Rgg = 10 k ohms)
Collector Cutoff Current IcBO uAdc
(Ve =30 Vdc, Ig = 0) - 10
(Vg =456 Vdc, Ig = 0) - 50
(Veg =10 Vdc, Ig = 0, T = +71°C) - 100
Emitter Cutoff Current IEBO - 10 kAdc
(VEg =30 Vdc, Ic=0)
ON CHARACTERISTICS
DC Current Gain hFE -
(Ic = 10 mAdc, Vg = 1.0 Vdc) 2N650 30 -
2N650A 33 —
2N651, A 45 -
2N652, A 80 —
Collector-Emitter Saturation Voltage VCE(sat) Vdc
(Ic =50 mAdc, Ig = 2.5 mAdc) 2N650, A — 0.250
(Ic = 50 mAdc, Ig = 1.67 mAdc) 2N651, A - 0.250
(Ic'=50 mAdc, Ig = 1.25 mAdc) 2N652, A - 0.250
(Ic = 100 mAdc, I1g = 5.0 mAdc) 2N650, A - 0.500
(1c = 100 mAdc, Ig = 3.33 mAdc) 2N651, A - 0.500
(Ic = 100 mAdc, Ig = 2.5 mAdc) 2N652, A - 0.500
Base-Emitter Voltage VBE Vdc
(Ig = 10 mAdc, Vcg = 1.0 Vdc) 2N650, A — 0.270
2N651, A - 0.260
2N652, A — 0.250
SMALL-SIGNAL CHARACTERISTICS
Common-Base Cutoff Frequency fab MHz
(Ig = 1.0 mAdc, Vg = 6.0 Vdc) 2N650, A 0.75 -
2N651, A 1.0 -
2N652, A 1.25 -
Output Capacitance (1) Cob - 25 pF
(Ve =6.0Vdc, Ig =0, f = 1.0 MHz)
Input mpedance hip 27 37 Ohms
(Ig = 1.0 mAdc, Vg = 6.0 Vdc, f = 1.0 kHz)
[Small-Signal Current Gain h¢e —
(lg = 1.0 mAdc, Vcg = 6.0 Vdc, f = 1.0 kHz) 2N650, A 30 70
2N651, A 50 120
2N652, A 100 225
Output Admittance (1) hob 0.15 1.0 wmhos
(1g = 1.0 mAdc, Vg = 6.0 Vdc, f = 1.0 kHz)
Noise Figure NF - 15 dB
(Ig = 0.5 mAdc, Vcg =4.5 Vdc, Rg = 1.0 k ohms,
f=10kHz, A f=1.0Hz)
(1) Applies only to 2N650A, 2N651A, and 2N652A Devices
*|ndicates JEDEC Registered Data.
FIGURE 2 — DC CURRENT GAIN FIGURE 3 —- “ON” VOLTAGES
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2N053 thru 28655 (GErRMANIUM)

CASE 31(1)

(TO-5) PNP germanium transistor, for high-gain amplifier

All leads isolated

MAXIMUM RATINGS

and switching service in the audio frequency range.

Rating Symbol Value Unit
Collector to Base Voltage v CB 30 Voits
Collector to Emitter Voltage v CER 25 Volts
Emitter to Base Voltage VEB 25 Volts
Collector D.C. Current * I 250* mA
Junction Temperature Limits T 7 -65 to +100 °C
Storage Temperature Limits Tstg -65 to +100 °C
Collector Dissipation in, Ambient PD 200 mW
Derate 2. 67 mW/° C above 25°C
Thermal Resistance, Junction to Ambient %a 0.375 °C/mwW
*Limited by power dissipation.
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)
h Symbol 2N653 2N654 2N655
Characteristics ymbo Unit
Min|Typ|Max | Min |Typ |[Max| Min | Typ[Max
Small Signal Current Gain he 30| 49/ 70{ 50| 80| 125| 100 [ 130| 250| -
Veg=6V,I;=1.0ma, {=1 kiiz
Small Signal Input Impedance hi e 750 - 12900 1500 - 14700) 3000 - | 8500{chms
VA =6V, 1_=10mA, f=1KkHz
CE E
Small Signal Current Gain Cutoff
Frequency fab 1.5 2.0 2.5 MHz
VCB=6V, lEzl.OmA
Output Capacity C ob 10 10 10 pF
VCB=6V, Ig=0mA, f=1 MHz
Noise Figure NF 10 10 10 dB
VCE=4.5V, Ip=0.5mA,
Rs =1, f= kHz
Af =1 Hz
Collector Reverse Current I 5.0 15 5.0 15 5,01 15| uA
V. =25V, L =0 CBO
cB ' I
Emitter Reverse Current IEBO 5.01 15 5.0 15 5.0 15| uA
V=25V, 1.=0
EB
Collector-Emitter Reverse Current I 600 600 600( uA
V.. =25V =10k CER
CE » Rpg =
Base-Emitter Input Voltage vBE 0.3 0.3 0. 3| vde
VCE=6V, IC=1.0mA




2N653 thru 2N655 (continued)

PERCENT OF VALUE AT 25°C

COLLECTOR CURRENT(I.) MILLIAMPERES

SMALL SIGNAL CURRENT GAIN (hse)

versus TEMPERATURE
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2NB56 (siicon)
2n657

NPN SILICON ANNULAR TRANSISTORS

. NPN silicon annular transistor designed for small-signal amplifier
and general purpose switching applications.

® High Collector-Emitter Breakdown Voltage —
BVCEQ = 100 Vdc (Min) @ Ic = 250 uAdc — 2N657

® High Emitter-Base Breakdown Voltage —
BVEBQ = 8.0 Vdc (Min) @ Ig = 250 uAdc

NPN SILICON
ANNULAR TRANSISTORS

*MAXIMUM RATINGS

Rating Symbol | 2N656 | 2N657 Unit

Collector-Emitter Voltage VCEO 60 100 Vdc
Collector-Base Voltage Vee 60 100 Vdc
Emitter-Base Voltage VEB 8.0 Vde
Total Device Dissipation @ Tp = 25°C Pp 1.0 Watt

Derate above 25°C 5.7 mw/°c
Total Device Dissipation @ T¢ = 25°C Pp 4.0 Watts

Derate above 25°C 22.8 mW/°C
Operating and Storage Junction Tu.Tstg -65 to +200 °c

Temperature Range

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

r Characteristic

| symbol | Min | Max | Unit

—J

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage
(Ic = 250 uAdc, Ig = 0)

2N656
2N657

BVcEO Vdc
60 -

100 —

Collector-Base Breakdown Voltage
(g =100 uAdc, Ig = 0)

2N656
2N657

BVcBO Vdc
60 -

100 -

Emitter-Base Breakdown Voltage
(Ig = 250 uAdc, Ic = 0)

BVEBO 8.0 - Vdc

Collector Cutoff Current
(Vg =30 Vdc, Ig =0)

IcBO - 10 nAdc

ON CHARACTERISTICS

DC Current Gain(1)
({I¢ = 200 mAdc, Vgg = 10 Vdc)

hFE 30 90 -

Collector-Emitter Saturation Voltage(1)
(1¢ = 200 mAdc, Ig = 40 mAdc)

VCE(sat)| -~ 4.0 Vde

SMALL-SIGNAL CHARACTERISTICS

Input Impedance(1)
(g = 8.0 mAdc, Vcg = 10 Vdc)

hie k ohm

*Indicates JEDEC Registered Data.

(1)Pulse Test: Pulse Length = 300 us, Duty Cycle < 2.0%.
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2n665 (GERMANIUM)

PNP germanium power transistor for driver and

power output amplifier and power switching applica-
tions in military and industrial equipment.

CASE 1
(10-3)

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Base Voltage VeB 80 Vdce
Emitter-Base Voltage VEB 40 Vde
DC Collector Current Ic 3.0 Amp
DC Emitter Current Ig 5.0 Amp
Collector Junction Temperature Ty -65 to +95 oc
Collector Dissipation PD 35 Watts

Derate above 25°C 0.5 w/°c
ELECTRICAL CHARACTERISTICS
Characteristic Symbol Min Max Unit
Emitter Cutoff Current Igpo mAdc
(Vgpo = -40 Vde, Ic = 0) — 2.0
Collector Cutoff Current IcBo ) mAdc
(Vepo = -2 Vde, Ig = 0) - 0.05
(VCBO = -60 vdc, ?E =0 b 2.0
(Vepo = -80 Vde, Ig = 0) — 10
DC Current Gain hrE -
(Vcg = -2 Vde, I = -0.5 Adc) 40 80.
(VGE = -2 Vdc, I¢ = -2 Adc) 20 -
Emitter-Base Voltage VEB vde
(Vcg = -2 Vde, I = -2 Adc) , - 1.5
Floating Potential VEBF Vdc
(Vcp = -80 Vdc, voltmeter input
resistance = 10 megohms min, t = 1 sec) ’ — 1.0
Collector- Emitter Saturation Voltage VCE (sat) vde
(Ic = -3 Adc, Ig = -220 mAdc) - -0.9
Collector-Emitter Voltage VcEo vde
(Ic = -300 mAdc, Ig = 0) 40 -_—
Small-Signal Short-Circuit Forward-Current
Transfer-Ratio Cutoff Frequency foe kHz
(Veg = -14 Vde, Ic = -2 Adc) 20 -
Emitter Cutoff Current IEBO mAdc
(VEBo = -30 Vde, Ic = 0, To= +71°C min) , - 2.0
Collector Cutoff Current ICBO mAdc
(Vepo = -30 Vde, Ig = 0, Tg = +71°C min) - 2.0
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2N665 (continued)
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2N669 (GErmANIUM)

For Specifications, See 2N176 Data.
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aNO8 T thru 28689 (siLicon)

Industrial-type, silicon controlled rectifiers in a stud package
with current handling capability to 25 amperes at junction
temperatures to 1250C. MCR equivalents available in TO-48

CASE 263 package — i.e. — 2N681 available in TO-48 package as MCR681.

MAXIMUM RATINGS (T, = 125°C unless otherwise noted)

Rating Symbol Valuve Unit
Peak Reverse Blocking Voltage* T VRSM(rep)* T Volts
2N681 25
2N682 50
2N683 100
2N684 150
2N685 200
2N686 250
2N687 ) 300
2N688 400
2N689 500
Peak Reverse Blocking Voltage* VRSM ~ * Volts
(Transient) 2N681 (non-rep) 35
(non-recurrent t = 5 ms max.) 2N682 5
2N683 150
2N684 225
2N685 300
2N686 350
2N687 400
2N688 500
2N689 600
Forward Current RMS (all conduction angles) It 25 Amp
Peak Forward Surge Current ) TTSM Amp
(One cycle, 60 Hz, Ty = -65 to +125°C) : 200
Circuit Fusing Considerations 12t A2g
(Ty = -65 to +125°C, t = 8.3 ms) 165
Peak Gate Power-Forward PgM 5.0 Watts
Average Gate Power-Forward Pgav) 0.5 Watt
Peak Gate Current-Forward IgMm 2.0 Amp
Peak Gate Voltage-Forward VGFM 10 Volts
Reverse VGRM 5.0
Operating Junction Temperature Range T T -65 to +125 oc
Storage Temperature Range Tstg -65 to +150 °c
Stud Torque — 30 in. Ilb.

TVRSM for all types can be applied on a continuous dc basis without incurring change.
* VRSM(rep) ratings apply for zero or negative gate voltage.
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2N681 thru 2N689 (continued)
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted)

Characteristic Symbol | Min | Typ | Max Units
Peak Forward Blocking Voltage VDRM Volts
(T; = 125°C) 2N681 25 | — —_
2N682 50 | — —
2N683 100 | — —_
2N684 150 | — —_
2N685 200 | — —
2N686 250 | — —_
2N687 300 | — —
2N688 400 | — —
2N689 500 | — —_
Peak Forwagd or Reverse Blocking Current IpRM mA
(TJ =125"C) 2N681 - 2N684 IRRM - — 10.0
2N685 —_— - 10.0
2N686 - | - 10.0
2N687 —_| - 10.0
2N688 _— — 8.0
2N689 —_ | - 6.0
Gate Trigger Current (Continuous dc) IGT mA
(Anode Voltage = 7 Vde, Ry =50 @) — | 10 25
Gate Trigger Voltage (Continuous dc) vgr Volts
(Anode Voltage = 7 Vdc, Ry =50 Q) 0.25 | — 3.0
Holding Current ‘ Iy mA
(Anode Voltage = 7 Vdc, Gate Open) — | 20 —
Forward On Voltage ‘ . VM Volts
(It = 20 Adc) — |11 ] 15
Turn-On Time tgt [ us
(It = 104, Ig = 200 mA) — | 1.0 —_
Turn-Off Time tq us
(1 = 10 A;Ig = 10 A, dv/dt = 30 V/ps min, — | 30 —_—
Ty = 125°C)
(VpRM = rated voltage)
Forward Voltage Application Rate dv/dt V/us
(Gate open, Ty = 125°C) — |30 | —
Thermal Resistance (Junction to Case) 03¢ — |10 | 20 | %c/w
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2N681 thru 2N689 (continued)

;&“#;’:;.3’&5?%32&5; GATE TRIGGER CHARACTERISTICS “FORWARD CONDUCTING CHARACTERISTICS
0 lGM= ~ : o :

3 VOLTS MINIMUI MAXIMUM ALLOWABLE GATE POWER % 100 = |
‘ GATE VOLTAGE - 3 2 —
10 | REQUIREDTO | P =6 WATTS e 50 17
E IGGER ] 7 A
= ALLUNITS | = 59 )y A
os] | &~ E PICAL 77 MUM
= 1852 | A4 TRIGGER cmcun DESIGN CRITERIA 3 vl | —— MAXIMUI
& J|s-28 ALL UNITS WILL TRIGGER VOLTAGE o 10 ‘
= EES o I 'AND CURRENT W1THIN THIS AREA = 77
= 0.2 92 ° =50 A L 4
z EoE 2 l 40 m . z LAY 4 AV 4 o —]
Eo1d| 2%z & GATE CURRENT, azoumeo 290 T ARV A — — — Ti=125C ]
0 SeE © I TO TRIGGER ALL UNITS o 7 —_—T= 25
3 st | (15550 =55 mh) 2 /
woedle 2 [ (~65°C — 80 mA) 210
godlgdd /e { £ g i
2 /TRIGER PO ALLOWABLE 1 £0° 7
02 TRIGGER POINT GATE VOLTAGE 10 VOLTS 2 17
1 202 T ’ 1
o001 H———— e £ o1 L1/
0 1 2 3 4 5 6 7 8 9 10 ~ 0.0 0.5 1.0 15 20 25.
VGT, GATE VOLTAGE (VOLTS) ) VT, INSTANTANEOUS FORWARD ON VOLTAGE (VOLTS)
0.25 (T, = 25°C — ANODE @ 7 VOLTS) :
CURRENT DERATING SUGGESTED FIN SIZES
- 14
125 T T T T T T 1T 7 17 = FIN SIZE RESISTIVE OR (NDUCTIVE I.OAD, 50 T0 400 Hz
DC, 19, 3¢, 66, CIRCUIT-RESISTIVE OR _ 5 6"x6" ‘FREE CONVECTION COOLING
[ INDUCTIVE LOAD, 50 T0 400 Hz Llj < 12 -+ CURVES SHOWN ARE FOR 180° CONDUCTION ANGLE ~1
- = - FOR OTHER CONDUCTION ANGLES, MULTIPLY
& 110 o 1800 H 5"xs CURRENT VALUES BY FOLLOWING FACTORS:
& NG Fe—y g0 P 120° — 0.91
2 *CONDUCTION ANGLE a2 ¢ xi’ \\ N ) % — 082
& NS N g s | 30° — 058
T % N = £ PN DC —1.40
= N\ \ N N z ANN__|- UsE cusves FoR oc, 16, 34 64 |
I s N ONN\N s 6 ~ N CIRCUITS BY CHOOSING PROPE
2 60°+ | N \\ AN W NG k CONDUCTION ANGLE FACTOR
90°* «
570 NG N g -
120+ \ @ FINS.1/16” THICK COPPER
. = WITH EMISSIVITY =90
180° . 2F $1UD MOUNTED DIRECTLY
s T0 COPPER Fl
50 (0C) =< MINIMN SPACING = 3/4"
A g . H : .
0 2 4 6 8 10 12 14 16 18 20 22 24 26 0 20 40 60 80 100 120 140 160 180 200
IT(AV), AVERAGE FORWARD CURRENT (AMP) Ta, AMBIENT TEMPERATURE (°C)
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28096 (siicon)
2n697

NPN silicon annular transistors designed for small-

CASE 31
(TO-5)

MAXIMUM RATINGS

signal amplifier and general purpose switching appli-
cations.

Rating Symbol Value Unit
Collector-Emitter Voltage VCER 40 Vdc
Collector-Base Voltage VCB 60 Vde
Emitter-Base Voltage EB 5.0 Vdc
Total Device Dissipation @ T A= 25°C PD 0.6 »Wattv

Derate above 25°C 13.3 mwW/°C
Total Device Dissipation @ TC =25°C PD 2.0 Watts
Derate above 25°C 13.3 mW/°C
Operating and Storage Junction T I Tst -65 to +200 °c
Temperature Range €

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

[ Characteristic [ Symbol | Min | Max | uUnit |
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage* BVCER"‘ Vdc
(Ic =100 mAdc, Rpg = 10 ohms) 40
Collector-Base Breakdown Voltage BvCBO Vdc
(L, =100 pAdc, I, =0) 60
C E
Emitter-Base Breakdown Voltage BVEBO Vde
(IE =100 pAdc, IC =0) 5.0
Collector Cutoff Current ICBO nAde
(VCB =30 Vdc, IE =0) - 1.0
(Ve =30 Vde, I =0, T, =150°C) - 100
ON CHARACTERISTICS
DC Current Gain* hFE* : -
(Ic = 150 mAdc, VCE =10 Vdc) 2N696 20 60
2N697 40 120
~ Collector-Emitter Saturation Voltage* vCE (sat)* Vdc
(IC =150 mAdc, IB =15 mAdc) - - 1.5
Base-Emitter Saturation Voltage* v * Vdc
(I = 150 mAdc, I = 15 mAdc) BE(sat) - 1.3
DYNAMIC CHARACTERISTICS
Current Gain-Bandwidth Product : fT MHz
(IC =50 mAdc, vCE =10 Vdc, f =20 MHz)" 2N696 40 -
2N697 50 -
Output Capacitance C pF
(Vg = 10 Ve, I =0) ob - 35

* Pulse Test: Pulse Length < 12 ms, Duty Cycle = 2.0%.
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2n699 (siLicon)

NPN silicon annular

CASE 79
(TO-39)

Collector connected to case

MAXIMUM RATINGS

transistor designed for
medium-current switching and amplifier applications.

Rating Symbol Value Unit
Collector-Emitter Voltage VCER 80 Vdc
Collector-Base Voltage VCB 120 Vdc
Emitter-Base Voltage Vep 5.0 Vdc
Total Device Dissipation T, = 25°C PD 0.6 Watt

Derate above 25°C 4.0 mW/°C
Total Device Dissipation TC =25°C PD 2.0 Watts

Derate above 25°C 13.3 mW/°C
Operating Junction Temperature T 3 175 °C
Storage Temperature Range Tstg -65 to +200 °C
THERMAL CHARACTERISTICS

Characteristic Symbol Max Unit

Thermal Resistance, Junction to Case f5¢ 75 °C/W
Thermal Resistance, Junction to ) JA 250 °C/W

Ambient
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2N699 (continued)
ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted)

Characteristic Symbol Min Max Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage* BVCER* Vdc
(IC =100 mAdc, RBE <10 ohms) 80 -
Collector Cutoff Current ICBO uAdce
(VCB =60 Vdc, IE =0) - 2.0
(VCB = 60 Vdc, IE =0, TA =150°C) - 200
Emitter Cutoff Current IEBO nAdce
(VEB = 2.0 vdé, IC =0) - 100
ON CHARACTERISTICS
DC Current Gain* N hFE* -
(IC =150 mAdc, VCE =10"Vdc) 40 120
Collector-Emitter Saturation Voltage* VCE(sat)* Vdc
(IC =150 mAdc, IB =15 mAdc) - 5.0
Base-Emitter Saturation Voltage* v * Vdc
(I, =150 mAde, I =15 mAdc) BE(sat) - 1.3
SMALL SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product fT MHz
(IC =50 mAdc, VCE =10 Vdec,
f = 20 MHz) 50 -
Output Capacitance Cob pF
(Vop =10 Vde, I =0, f =100 kHz) - 20
Input Impedance hib ‘ _ ohms
(I = 1.0 mAde, Vo =5.0 Vde,
f =1.0 kHz) 20 30
(IC = 5.0 mAdc, VCB =10 Vdc,
f =1.0 kHz) - 10
Voltage Feedback Ratio hp x 1074
(IC =1.0 mAdc, VCB =5.0 Vdc,
f = 1.0 kHz) - 2.5
(IC = 5,0 mAdc, VCB =10 Vdc,
f =1.0 kHz) - 3.0
Small-Signal Current Gain hfe -
(IC =1.0 mAdc, VCE =5.0 Vdc,
f =1.0 kHz) 35 100
(IC = 5.0 mAdc, VCE =10 Vde,
f = 1.0 kHz) 45 -
Output Admittance hob wmhos
(Ic =1.0 mAdc, VCB =5.0 Vdc,
f = 1.0 kHz) 0.1 0.5
(IC = 5.0 mAdc, VCB =10 Vde,
f = 1.0 kHz) - 1.0

* Pulse Test: Pulse Width = 300 us; Duty Cycle = 2%.

2-63



an700,A (GERMANIUM)

PNP germanium mesa transistors fdr oscillator,
CASE 21 frequency multiplier, wide-band mixer and wide-band
(T0-17) amplifier applications.

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Base Voltage VcB ” 25 vde
Collector-Emitter Voltage Vceo ' Vde

2N700 20
2N700A 25
Emitter-Base Voltage VEB 0.2 i vdce
Collector DC Current Ic . 50 mAdc
Junction Temperature T 100 oc
- Storage Temperature Tstg -65 to +100 oc
Total Device Dissipation PD 15 mwW
at 25°C Ambient mW/°C
Derate above 25°C 1.0 .
POWER GAIN, CURRENT GAIN, ) CURRENT-GAIN-BANDWIDTH PRODUCT
& NOISE FIGURE versus FREQUENCY versus CURRENT AND VOLTAGE
20 £ 1000 [— - :
: NN
8 800 le @ Veg = — 6 Vdc
30 F—poweR GAIN , & ] T
] 2 600 yd
2 Vee= —6Vic \ « // Vor @ I = 2 mAdc
e le = 2 mAdc \ = 400
10 ! — N\ AN s /
NOISE FIGURE “ N g
0 I ] \ S
2 5 10 20 50 100 200 500 1000 0o 20 40 60 80 10 12 14 16
f, FREQUENCY (miiz) I, EMITTER CURRENT (mAdc)

Vey, COLLECTOR — BASE VOLTAGE (VOLTS)



2N700,A (continued)

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

Characteristic | Sym Test Conditions Types [Min]|Typ| Max | Unit
Collector-Base BVCBO IC = 100 yAdc, I = 0 All Types |25 32 —= | Vdc
Breakdown Voltage
Collector-Emitter |BVcEQ|Ic = 100 pAde, Ig = 0 2N700 20 | — | — |Vde
Breakdown Voltage 2N700A 25 | — | —
Emitter-Base BVEBO Ip = 100 pAdc, I = 0 All Types 0.2 | 0.5 — |Vdc
Breakdown Voltage
Collector Cutoff IcBO Vep =8 Vde, Ip = All Types | — | 0.4] 2.0 | pAde
Current Vep = 6 Vde, Ig = 0, T, = 85°C 2N700 — | 60| 150

2N700A — | — 50
Small Signal hge Ig = 2 mAde, Vgg = 6 Vde, f = 1 kHz |All Types | 4.0| 10 —_ | =
Forward Current _ _
Transfer Ratio Ig = 5 mAde, Vog = 6 Vdc, f = 1 kHz [2N700A - | - 50 | —
I = 2 mAdc, Vo = 6 Vde, f = 200 MHz|2N700 2.5 709 = | —
2N700A 50| — | — —
Input Impedance hy, Ig = 2 mAde, Vog = 6 Vde, f = 1 kHz |All Types |— | 17 30 | Ohms
Base Resistance r{) Ig = 2 mAde, Vog = 6 Vdc, £ = 300 MHz |All Types | — | 55 100 | Ohms
Collector-Base Cob Vep =6 Vde, Ig = 0, f = 100 kHz 2N1700 — | 1.1} 1.5 |pF
Output Capacitance 2N700A —_ | — ] 1.4
(case grounded)
Power Gain Ge Ip = 2 mAde, Vg = 6 Vde, f = 70 MHz
2N700 20 | 23| — |aB
(neutralized) 2N700A 22 —_] -
Noise Figure INF All Types |— | 6.0 10 | dB
Power Gain Ge Ig =2 mAdc, VCB .= 6 Vde, f = 30 MHz
(neutralized) 2N700A 26 —_] - dB




2an702 (siLicon)

on703

NPN silicon annular transistors designed for low-
level, high-speed switching applications.

MAXIMUM RATINGS (1, = 25°C unless otherwise noted)

Rating Symbol | - Value Unit
Collector-Emitter Voltage vCEO 25 Vdc
Collector-Base Voltage VCB 25 Vdc
Emitter-Base Voltage VEB 5.0 Vdc
Collector Current I 50 mAdc
CASE 22 c
(TO-18) Total Device Dissipation @T, = 25°C Py 300 mw
Derate above 25°C 2.0 mW/°C
Total Device Dissipation @ TC =25°C PD 600 mwW
Derate above 25°C 4.0 mw/°C
Operating and Storage Junction T -65 to +175 °c
Temperature Range ?tg

ELECTRICAL CHARACTERISTICS (T4

= 25°C unless otherwise noted)

Characteristic

[ symbol [ Min [ Typ | Max |

Unit 1

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage
(IC = 2.0 mAdc, IB =0)

BVeEo

25

Vdc

Collector-Base Breakdown Voltage
(IC =5.0 pAde, Ig= 0)

BV':B0

25

Vde

Emitter-Base Breakdown Voltage
(IE =10 pAdc, IC =0)

BVEBO

5.0

Vde

Collector Cutoff Current
(VCE = 20 Vdc, IB =0)

CEO

10

KAdc

. Collector Cutoff Current
(VCB =10 Vde, IE =0)

(VCB =10 Vdc, IE =0, Ty = +150°C)

CBO

0.5
50

nAde

ON CHARACTERISTICS

DC Current Gain*

(IC =10 mAdc, =5.0 Vdc)

Vee
(Ic =10 mAdc, VCE = 5.0 Vdc, TA =-55°C)

2N702 FE

2N703
2N1702
2N703

20
40
12
20

60
100

Collector-Emitter Saturation Voltage*
(IC =10 mAdc, IB =1.0 mAdc)

*
vCE(sat)

Vdc

Base-Emitter On Volfage*
(Ic =10 mAdc, VCE =5.0 Vdc)

vBE(on)*

Vdc

SMALL-SIGNAL CHARACTERISTICS

Current-Gain - Bandwidth Product
(IE =10 mAdc, VCE =5.0 Vdc, f =100 MHz

) T

70

150

MHz

'Output Capacitance
(VCB =5.0 Vde, LE =0, f =1.0 MHz)

ob

3.0

6.0

pF

*Pulse Test: Pulse Width = 300 us, Duty Cycle = 2. 0%.
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2n7 05 (GermaniUm)

CASE 22 PNP gérma.nium mesa transistor for high-speed
(TO-18) switching applications.

ollector connected to case

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Base Voltage v CB 15 Vdc
Collector-Emitter Voltage VCES 15 Vdc
Emitter-Base Voltage VEB 3.5 Vdc
Collector Current lC 50 mAdc
Emitter Current IE 50 mAdc
Junction Temperature T, 100 , °C
Storage Temperature 'l‘stg -65°C to +100 °C
Collector Dissipation @ TC =25°C PC 300 mW
Derate above 25°C 4.0 mw/°C
Collector Dissipation in Free Air PC 150 mW
NORMALIZED D.C. CURRENT GAIN COLLECTOR SATURATION VOLTAGE
versus COLLECTOR CURRENT versus AMBIENT TEMPERATURE
10 1 T 3 03
2 } I g L
¢ b— Vee=1vic z —
z
3 § 0.25 ]
= 20 2 Je = 25 madc | ]
g | te= +esecL— g =
Y ——— +25°¢ g o2 — .
g o ' = = le=10 made | —"]
Y| 5o —pt £ =
] —— ] 2 015
g 02 — — 2 A e/l = 10
0.1 L] E 01 l I
01 02 0510 20 5 10 20 50 100 £ s 0 25 0 +25 450 475 4100

Ic, COLLECTOR CURRENT (mAdc)
T, AMBIENT TEMPERATURE (°C)
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2N705 (continued)
ELECTRICAL CHARACTERISTICS (T4= 25°C unless otherwise noted)

Characteristic Symbol | Min | Typ | Max | Unit

Collector-Base Breakdown Voltage BVCBO 15 - - Vdc
(Ic = 100 pAdc, IE =0)

Collector-Emitter Breakdown Voltage BVCES 15 - - Vde
(ICE = 100 pAdc, VBE = 0)

Emitter-Base Breakdown Voltage BVEBO 3.5 - -— Vdc
(IE = 100 pAdc, IC =0)

Collector Cutoff Current ICBO - 0.2 3.0 | uAdc
(VCB =5 Vde, I'E =0)

DC Forward Current Transfer Ratio hFE 25 40 - -
_(VCE = .3 Vde, I.=10 mAdc)

Collector Saturation Voltage v - 0.18] 0.3 Vdc
(I = - 4 mAdc, I, = 10 mAde) CE(sat)
(IB = 5 mAdc, IC = 50 mAdc) - 0.45 -

Base-Emitter Voltage vBE 0.34 |0.39 | 0.44 | Vdc
(IB = .4 mAdc, Ic = 10 mAdc)

Small Signal Forward Current Transfer Ratio hfe - 9.0 -
(VCE = 1.0 Vde, IC = 10 mAdc, f = 100 MHz)

Collector Capacitance Cob - 5.0 - pF
(Vog =10 Vde, I =0, = 1 M)

Input Capacitance Cib - 3.5 - pF
(VB‘E =2 Vdc)

Common Base Alpha Cutoff Frequency fab - 300 - MHz
(VCB =5 Vde, IC = 10 mAdc)

Delay + Rise Time t q* t - 55 5 ns
(I = 10 mAde, I = 1 mAde) r

Storage Time t s - 65 100 ns
(1Bl = 1.0 mAdc, IBz = .25 mAdc)

Fall Time tf - 70 100 ns
(IBl = 1.0 mAdc, 132 = .25 mAdc)

t,, STORAGE TIME (NANOSECONDS)

o
=]

3
=]

-
o

&
o

20

STORAGE TIME versus CIRCUIT CURRENT RATIO

\ Ic = 25 mAdc
———
T,= 25°C
W=Aal,
R =100¢
Id = 10 mAdc Re=1ko
5 10 15 20

Ic/1s,, CIRCUIT CURRENT RATIO
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CURRENT GAIN — BANDWIDTH PRODUCT (fr)
versus COLLECTOR CURRENT
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an706 , A, B (siticon)

(2N706JAN AVAILABLE)

2N753
NPN silicon annular switching transistors for high-
speed switching applications.
CASE 22
(TO-18)

Collector connected to case

MAXIMUM RATINGS

Rating Symbol Valuve Unit
Collector-Base Voltage VecB 25 Volts
Collector- Emitter Voltage * VCER* 20 Volts
Emitter-Base Voltage 2N706 VEB 3.0 Volts
2N706A 5.0
2N706B 5.0
2N753 5.0
Junction Temperature Ty 175 oC
Storage Temperature Tstg -65 to +175 oc
Total Device Dissipation Pp 1.0 Watt

at 250 C Case Temperature.
(Derate 6.67 mW/OC above 25°C)

Total Device Dissipation Pp 0.3 Watt
at 250 C Ambient Temperature
(Derate 2 mW/©C above 25°C)

Total Device Dissipation Pp 0.5 Watt
at 100°C Case Temperature
(Derate 6.67 mW/OC above 100°C)

*Refers to collector breakdown voltage in the high current region when Rne = 10Q)



2N706,A,B,2N753 (continued)
ELECTRICAL CHARACTERISTICS (T, = 259C unless otherwise noted)

Characteristic Type Symbol | Min | Typ | Max| Unit
Collector Cutoff Current ‘ I uAdc
(Vep = 15Vdc, Ig = 0) All Types CBO - o000 | 05
(Vep = 15Vde, Ig = 0, Ta = 150 °C) All Types - 3-0 30
(Vop = 25Vdc, 1E = 0) 2N706A, 2N706B,
2N753 - - 10
Collector- Emitter Cutoff Current ICER ©Adc
(VCE = 20Vdc, Rpe = 100k) 2N706A, 2N706B, R ) 10
2N753
Emitter Cutoff Current IEBO pAdce
(VEB = 3Vdc, Ic = 0) 2N706 - - 10
(VEB = 5Vde, I¢ = 0) 2NT06A, 2N706B, - - 10
2N753
Collector-Emitter Breakdown Voltage * BVCEO* Vde
( Ic = 10mAdc,Ip = 0) 15 -
Collector-Emitter Breakdown Voltage* BVCER* Vdce
(R = 10 ohms, I¢ = 10mAdc) 20 -
Forward-Current Transfer Ratio* hrg*
(Ic = 10mAdc, VCE = 1Vdc) - 2N706 20 40 -
2N706A, 2N706B, 20 40 6C
2N753 40 - |20
Base-Emitter Voltage* VpE (sat)* Vdc
(Ic = 10mAdc, IB = lmAdc) 2N706 - 0.75 0.9
2N706A, 2N706B,
2N753 0.7 0.75 0.9
Collector Saturation Voltage* VCE (sat)* Vdc
(Ic =10mAdc, I = 1mAdc) 2N706, 2N706A - 0.3 0.6
2N706B - 0.3 0.4
. 2N753 - 0.18 0.6
(I = 50mAdc, Ip = 5mAdc) 2N1753 - 0.3 -
Collector Capacitance Cob pF
(Vcp =5Vde, Ig=0 2N706A, 2N706B,
2N753 - 4.5 5.0
(Vcp = 10Vde, Ig = 0) 2N706 - 5.0 6.0
Small-Signal Forward Current Transfer Ratio hfe -
(VCE = 15Vdc, IE = 10mAdc,
f = 100MHz) 2.0 4.0 -
Current Gain-Bandwidth Product fT MHz
(ch = 15Vde, Ig = 10mAdc,
f = 100 MHz) - 400 -
Base Resistance rp ohms
(VCE = 15Vdc, IE = 10mAdc,
f = 300 MHz) - 39 50 )
Charge Storage Time Constant T ** ns
2N706 s - 16 60
2N706A - 16 25
2N753 - 19 35
Storage Time 2N706B ts - 19 25 ns
Turn-On Time ton** - 30 40 ns
Turn-0ff Time toff** - 50 75 ns

* Pulse Test: PW < 12 ms, Duty Cycle = 2%
** Switching Times Measured with Tektronix Type R Plug-In (509 Internal Impedance) and Circuits Shown Below,

SWITCHING TIME TEST CIRCUIT STORAGE TIME TEST CIRCUIT MEASUREMENT CIRCUIT

Type R Samzlging Resistor Type R Sampling Resistov/\ Vee = -+ 10Vde
i3 200

Vee = 3vde

= = 10Vdc
(adjust for 10mA)

Vee =
Pulse Volts 2700 (adjust for 10mA)

Internal Resistance
00

+ 200¢
ov -|- -I- S

—2v

Pulse Volts 9800
Internal Resistance
50Q

+5v
ov- -|- -I-
—4v

SCOPE 541
OR EQUIVALENT



an7 07, A (siicon

«

CASE 22

(TO-18)

NPN silicon epitaxial mesa transistors for VHF

Collector connected to case

MAXIMUM RATINGS

oscillator and class C amplifier applications.

Rating Symbol 2N707 | 2N707A Unit
Collector-Emitter Voltage VCEO - 40 Vde
Collector-Emitter Voltage VCER Vdc

(RBE < 10 ohms) 28 -
Collector-Base Voltage VCB 56 70 Vde
Emitter -Base Voltage EB 4.0 5.0 Vdc
Total Device Dissipation @ T, = 25°C P, 0.3 0.5 Watt

Derate above 25°C 2.0 3.33 | mw/°C
Total Device Dissipation @ T, =25°C P, 1.0 1.2 Watts

Derate above 25°C 6.67 8.0 mw,/°C
Operating and Storage Junction TJ’Tst °c

Temperature Range g -65 to +175

50 @ 2N707 i
N Air 50 N
Input 180 LPF 2N707A (N“e 1) 0'00;14 LF Core Output
»g.—»—)[ rin ' - (A, <
= RFC ‘*-30;{ -
1.8 u.H RFC pF
_ 0.17
7-45 1( 1.8 H L Ly
PF. |(Noce3) 0-01 HH
K (Note 2)
. F
L s0e o1 K
510 Q o
KE 12 W 1.5 K =
- —AAA *ee (Note 4)
—TL é-ZS Vdc Note 1 Heat sink is required.
Note 2 Adjust for Class C operation.
L1 5 turns #14 wire wound on Note 3 Very High conductance silicon
1/2" diameter. diode.
Ly 2 turns #14 wire wound on L;. Note 4 Adjust Vgc for proper Vcg

FIGURE 1 —100 MHz, CLASS C, COMMON BASE AMPLIFIER
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2N707,A (continued)

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

Characteristic

Symbol

Min

Typ

Max

Unit

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage (1)
(I = 20 mAde, I =0)

2N707A

BVcro

40

Vde

Collector-Emitter Breakdown Voltage
(IC =10 mAdc, RBE = 10 ohms)

2N707

BVcER

28

Vdc

Collector-Base Breakdown Voltage
(Ic =10 uAdc, IE =0)

2N707
2N707A

BVcRo

56
70

Vdc

Emitter-Base Breakdown Voltage
(IE =100 pAdc, IC =0)

2N707A

BVEBRo

5.0

Vdce

Collector Cutoff Current
(VCB =15 Vdc, IE =0)

_ _ _ (0)
(Vop = 15 Vde, I =0, T, = 150°C)
=30 Vde, I, =0)

Vep .
(Vg = 30 Ve, I =0, T, = 150°C)

E

2N707
2N707
2N707A
2NT707A

CBO

0. 005
3.0
0.01
5.0

5.0

1.0
100

pAdc

Emitter Cutoff Current
(VBE =4 Vdc, IC =0)

(Vg =5 Vdc, 15 =0)

2N707
2NT707A

EBO

10
100

pAdce

ON CHARACTERISTICS'

DC Current Gain
(IC =10 mAdec, VCE =1 Vde)

2N707
2NT707A

1‘lFE

50

Collector Saturation Voltage
(IC =10 mAdc, IB =1 mAdc)

vC E(sat)

0.6

Vde

Base-Emitter Saturation Voltage
(IC =10 mAdc, Iy = 1 mAdc)

VBE(sat)

0.9

Vde

DYNAMIC CHARACTERISTICS

Current-Gain — Bandwidth Product

(g = 15 mAde, Vg = 10 Vdc)

70

350

MHz

Maximum Frequency of Oscillation

600

MHz

Output Capacitance
(VCB =10 Vdc, IE =0)

(Vop =5 Vde, 1 = 0)

2N707
2NT707A

4.0
4.0

10.0
6.0

pF

Collector-Base Time Constant
(IC =10 mAdc, V,

=10 Vdc, f = 4 MHz)

80

ps

CB
FUNCTIONAL TEST

Power Output (Figure 1)
(VCE =20 Vdc, Pin =50 mW)

(Vg = 40 Vde, P, =175 mW)

All Types
2NT707A

Pout

200
400

300

mwW

100-MHz Oscillator Efficiency
(VCE = 28 Vdc, IC =40 mAdc)

38

" Pulse Test: Pulse Width <300 us, Duty Cycle <2.0%.




2n708 (siLicon)

2N708 NPN silicon annular transistor for high-speed switch-

*MAXIMUM RATINGS

Rating Symbol Value Unit
b\ \ Collector-Emitter Voltage VCEO 15 Vdc
Collector-Base Voltage Ves 40 Vdc
Emitter-Base Voltage VEB 5.0 Vdc
Total Device Dissipation @ T =259C Pb 360 mw
Derate above 25°C 2.0 mW/°C
C(AT(S)_E.'az)z Total Device Dissipation @ T¢ = 26°C Pp 1.2 Watts
Tc = 100°C 680 mw
Collect Derate above 25°C 6.9 mwW/°C
ollector Derate above 100°C 6.9 mW/°C
connected to case Operating and Storage Junction Temperature Range | T, Tstg —65 to +200 oc
*Indicates JEDEC Registered Data.
ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)
[ Characteristic [ Symbol [Min [ Typ [ Max] unit |
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage BVCEO Vde
(IC = 30 mAdc, IB =0) 15 - -
Collector-Emitter Breakdown Voltage BVCER Vdc
(IC =30 mAde, R = 10 ohms) 20 - -
BE
* Collector-Base Breakdown Voltage BVCBO Vdc
(IC=1.0 wAdc, IE=0) 40 - -
* Emitter-Base Breakdown Voltage BVEBO Vde
(lE =10 pAdc, IC =0) 5.0 - -
t Collector Cutoff Current ICEX pAde
= = - Of - -
(VCE =20 Vdc, VBE = 0.25 Vdc, TA = +125°C) 10
*Collector Cutoff Current ICBO HAdc
(v, =20Vdc, I, =0) - 0. 005 0. 025
CB E
(VCB =20 Vde, IE =0, TA =150°C) - - 15
Emitter Cutoff Current IEBO pAdc
(VBE =4.0 Vdc, IC =0) - - 0.08
ON CHARACTERISTICS
*DC Current Gain hFE -
(IC = 0.5 mAdc, VCE = 1.0 Vdc) 15 - -
(IC = 10 mAdc, VCE = 1.0 Vdc)(Note 1) 30 - 120
(Ic = 10 mAdc, VCE =1.0 Vdc, TA = -55°C) (Note 1) 15 - -
*Collector-Emitter Saturation Voltage VCE (sat) Vdc
(Ic = 10 mAde, I = 1.0 mAdc) S - 0.2 0.4
(IC = 7.0 mAdc, IB = 0.7 mAdc, TA = -55°C to +125°C) - - 0.4
*Base-Emitter Saturation Voltage VBE( t) Vde
(g = 10 mAdc, 1 = 1.0 mAdc) sab lo.72 - 0.80
(IC = 7.0 mAdc, IB = 0.7 mAdc, ’I‘A = -55°C) - - 0.90
DYNAMIC CHARACTERISTICS
ttCurrent-Gain—Bandwidth Product iT MHz
(IC = 10 mAdc, VCE =10 Vdc, f = 100 MHz) 300 450 -
Output Capacitance Cob pF
(VCB =10 Vdc, IE =0, 100kHz = f = 1.0 MHz) - 3.0 6.0
*Extrinsic Base Resistance r' ohms
(Ic = 10 mAdc, vCE =10 Vdc, f = 300 MHz) - - 50
*Storage Time ts ns
(IC = lBl = IB2 = 10 mAdc) - 15 25

*Indicates JEDEC Registered Data.
+JEDEC Registration Defined as VCB = 20 Vde.
t+JEDEC Registration Defined as .
Note 1: Pulse Test: Pulse Width <300 x s, Duty Cycle < 2.0%.
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an7 11, A, B (GErmaNIUM)

PNP germanium mesa transistors for high-speed

switching applications.
CASE 22 € app
(TO-18)

Collector
connected to case

MAXIMUM RATINGS

Rating Symbol | 2N711 | 2N711A |2N711B Unit
Collector-Base Voltage VeB 12 15 18 Vde
Collector-Emitter Voltage VcES 12 14 15 Vde
Collector-Emitter Voltage VcEOo - 7.0 . 1.0 vde
Emitter-Base Voltage VEB 1.0 1.5 2.0 Vde
Collector Current (Continuous) Ic 50 100 100 mAdc
Emitter Current (Continuous) Ig 50 100 . 100 mAdc
Junction Temperature Ty < 100 > oc
Storage Temperature Tgtg | <———-65to+100 ——> oc
Device Dissipation @ Tc = 25°C Pp ~— 300 mw

Derate above 25°C - 4.0 mwW/°C
Device Dissipation @ T, = 25°C Pp 150 mW
Derate above 25°C 2.0 > |lmW/°C




2N711 ,A,B (continued)

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

Characteristic Sym | Min Typ | Max | Unit
Collector-Base Breakdown Voltage BVcpO| Vde
(Ic = 100 pAdc, Ig = 0) 2N711 12 -— —_—
2N711A 15 _ —_—
(Ic = 20 pAdc, Ig = 0) 2N711B 18 — —
Collector-Emitter Breakdown Voltage BVcES Vde
(Ic = 100 pAdc) 2N711 12 _— —_
2N711A 14 -— _
(Ic = 20 pAdc) 2N711B 15 - -
Collector-Emitter Breakdown Voltage BVCEO| Vdc
(Ic = 5 mAde, Ig = 0) 2N7114A, 2N711B| 7.0 - -
Emitter-Base Breakdown Voltage BVEgo| vde
(Ig = 0.1 mAde, Ic=0) 2NT711 1.0 -— —_—
2NT11A 1.5 —_— —_
2NT711B 2.0 _ _
Collector-Base Cutoff Current Icpo nAde
(Vep = 5 Vde, Ig = 0) 2N711 —_ 0.2 3.0
2N711A —_ —_ 1.5
{Vcp = 10 Vde, Ig = 0) 2N711B - - 1.5
Emitter-Base Cutoff Current IgBo nAde
(Vgp = 1 Vde) 2NT11A — — 100
2N711B —_ —_ 20
DC Current Gain hpg -_—
(Ic = 10 mAdc, Vg = 0.5 Vdc) 2N711 20 30 -
2NT11A 25 —_ 150
2N711B 30 —_ 150
(Ic = 50 mAdc, Vcg = 0.7 Vdc) 2N711A, 2N711B 40 —_— _
Collector Saturation Voltage VCE(sat) Vde
(Ic = 10 mAdc, Ig = 0.5 mAdc) 2NT711 _— 0.2 0.5
. 2N711A _ -_— 0.30
(Ic = 10 mAdc, Ig = 0.4 mAdc) 2N711B — - 0.25
(IC = 50 mAdc, Ig = 2 mAdc) 2N711A —_— —_ 0.55
2N711B — — 0.45
Small-Signal Current Gain hfe —
(Ic = 10 mAdc, Vo = 5 Vde, f = 100 MHz) 2N711A, 2N711B]| 1.5 - —_
(Ic = 10 mAdc, Vcg = 0.5 Vdc, £ = 100 MHz) 2N711A 1.1 —_ —_
2N711B 1.2 —_ —_
Base-Emitter Voltage VBE Vdce
(Ic = 10 mAdc, Ig = 0.4 mAdc) 2N1711, 2N711A 0.30 0.38 0.44
2N711B 0.30 —_— 0.44
(Ic = .50 mAdc, Ig = 2 mAdc) 2NT11A 0.40 —_ 0.65
2N711B 0.40 —_ 0.65
Collector Output Capacitance Cob pF
(Vep = 5Vde,Ig = 0,{ = 1 MHz) 2N711A, 2NT11B — - 6.0
(Vep = 10 Vde, Ig = 0,1 = 1 MHz) 2N711 — 5.0
Fall Time te ns
2N711A — — 150
Figure 1: { 2N711B - - 110
2N711A —_ —_ 110
Figure 2: { 2N711B —_ - 100
2N711 — 90 150
Minority Carrier Storage Time tg ns
. J 2nm1A s — - 150
Figure 1: { 2N711B - - 140
2NT11A —_ —_ 120
Figure 2: { 2N711B - -_— 100
2N711 90 200
Delay Plus Rise Time tg+tp ns
Figure 1: { 287114, 28711 - - 100
2N711A, 2N711. —_ -_— 5
Figure 2: 1 an711 - s 100




2N711,A,B (continued)

SWITCHING CIRCUITS

FIGURE 1
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287 18 (siLicon)
2N1420

\ NPN silicon annular Star transistors for medium-
B current switching and amplifier applications.

2N718 2N1420

CASE 22 CASE 31
(TO-18) (TO-5)

Collector connected to case

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Base Voltage Ve 60 Vdc
Collector-Emitter Voltage VCER Vdce
2N718 40
2N1420 30
Emitter-Base Voltage VEB 5.0 Vdc

2N1420 2N718
TO-5 TO-18

Total Device Dissipation at
250C Case Temperature Pp 3.0 1.5 Watts
Derating Factor Above 25°C 20 10 mw/°C

Total Device Dissipation at

25°C Ambient Temperatures Py 0.6 0.4 Watts
Derating Factor Above 25°C 4.0 2.66 mw/°C
Junction Temperature Ty +175 °c
Storage Temperature range Tstg -65 to + 200 °c
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted)
Characteristic Symbol Min | Typ Max | Unit
Collector Cutoff Current 1 wAdc
(Vcp = 30 Vdc, Ig = 0) ¢BO - .001 1.0
(Vcp = 30 Vdc, Ig = 0, Tp = 150°C) _ _ 100
Collector-Base Breakdown Voltage BVCB o Vvdc
(Ic = 100 pAdc, Ig = 0) 60 - -
Collector-Emitter Breakdown Voltage BVCER Vvde
(Ic = 100 mAdc, pulsed; Rg £ 10 Ohms)
2N718 40 - -
2N1420 30 - -
Collector-Emitter Saturation Voltage " VCE( sat) Vdc
(Ic = 150 mAdc, Ig = 15 mAdc) - 0.3 1.5
Base-Emitter Saturation Voltage(!) v Vdc
(Ic = 150 mAdc, Ig = 15 mAdc) BE(sat) | _ - 1.3

Pulse Test: PW = 300 us, Duty Cycle = 2%




2N 718, 2N1420 (continued)

ELECTRICAL CHARACTERISTICS (continued)

Characteristic Symbol Min | Typ Max Unit
DC Forward Current Transfer Ratio (" hFE -
(Ic = 1 mAdc, Vcg = 10 Vdc)
2N718 - 20 -
2N1420 - 35 -
(Ic = 150 mAdc, Vcg = 10 Vdc)
2N1718 40 - 120
2N1420 100 - 300
(Ic = 500 mAdc, Vcg = 10 Vdc)
2NT718 - 20 -
2N1420 - 35 -
Small Signal Forward Current Transfer Ratio hfe -
(IC = 50 mAdc, Vcg = 10 Vdc, f = 20 MHz) 2,5 15 -
Output Capacitance Cob pF
(VeB = 10 vdc, Ig = 0) - 5.0 35

(1) Pulse Test: PW = 300 us, Duty Cycle = 2%
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an7 18A siLicon)
2N718A JAN, JTX AVAILABLE
2N956

2N1613

2N1613 JAN AVAILABLE

CASE 22 CASE 31
(TO-18) (TO-5)
2N718A 2N1613

2N956 2N1711

Collector connected to case

NPN silicon annular Star transistors for high-speed
switching and DC to UHF amplifier applications.

MAXIMUM RATINGS

. 2NT718A 2N1613 .
Rating Symbol 2N956 2N1711 Unit
Collector-Emitter Voltage VCER 50 Vdc
Collector-Base Voltage VCB 75 Vde
Emitter-Base Voltage VEB 7.0 Vdc
Total Device Dissipation @ T A= 25°C PD 500 800 mw
Derate above 25°C 2.86 4.57 mW/°C
Total Device Dissipation @ TC =25°C PD 1.8 3.0 Watts
Derate above 25°C 10.3 17.1 mW/°C
Operating and Storage Junction Temperature Range| T ¥ Tstg -65 to +200 °C




2N718A, 2N956, 2N1613, 2N1711 (continued)

ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)

L Characteristic Symbol I Min I Typ I Max | Unit —I
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage BVCER Vde
(Ic =100 mAdc, pulsed; RBE < 10 ohms) 50 - -
Collector-Base Breakdown Voltage BVC BO Vde
(I, =100 pAdc, I, =0) 5 - -
C E
Emitter-Base Breakdown Voltage BVEBO Vde
(IE =100 pAdc, Ic =0) 7.0 - -
Collector Cutoff Current ICBO wAde
(Vop = 60 Vde, I = 0) - 0.001 | 0.01
(VCB = 60 Vdc, IE =0, TA =150°C) - - 10
Emitter Cutoff Current IEBO pAdc
(VBE = 5.0 Vde, IC =0) 2NT18A, 2N1613 - - 0.010
2N956, 2N1711 - - 0. 005
ON CHARACTERISTICS
DC Current Gain hFE -
(Ic =0.01 mAdc, V~CE =10 Vdc) 2N956, 2N1711 20 - -
(IC = 0.1 mAdc, VCE =10 Vdc) 2NT18A, 2N1613 20 - -
2N956, 2N1711 35 - -
(IC =10 mAdc, VCE =10 Vdc) 2NT718A, 2N1613 35 - -
2N956, 2N1711 5 - -
(IC =10 mAdc, VCE =10 Vdc, Ty = -55°C) 2NT18A, 2N1613 20 - -
2N956, 2N1711 35 - -
(IC =150 mAdc, VCE =10 Vdc)* 2NT18A, 2N1613 40 - 120
2N956, 2N1711 100 - 300
(IC =500 mAdc, VCE =10 Vdc)* 2NT718A, 2N1613 20 - -
2N956, 2N1711 40 - -
Collector-Emitter Saturation Voltage' (1) VeE(sat) Vdc
(Ic =150 mAdc, IB =15 mAdc) - 0.24 1.5
Base-Emitter Saturation Voltage (V) VBE(sat) Vdc
(Ig = 150 mAde, Iy = 15 mAdc) sa - 1.0 1.3
SMALL-SIGNAL CHARACTERISTICS
Current-Gain—Bandwidth Product fT MHz
(Ic =50 mAdc, VCE =10 Vdc, f =20 MHz) 2NT718A, 2N1613 60 300 -
2N956, 2N1711 70 300
Output Capacitance cob pF
(VCB =10 Vde, =0, f= 100 kHz) - 4.0 25
Input Capacitance Cib pF
(VBE = 0.5 Vde, Ic =0, f =100 kHz) - 20 80
Input Impedancr hib ohms
(Ic =1.0 mAdc, VCB=5.0 Vde, f = 1.0 kHz) 24 - 34
(IC =5.0 mAdc, VCB =10 Vdc, f = 1.0 kHz) 4.0 - 8.0
Voltage Feedback Ratio hy X 10-4
(IC =1.0 mAdc, VCB =5.0Vdc, f=1.0kHz) 2N718A, 2N1613 - - 3.0
2N956, 2N1711 - - 5.0
(IC =5.0 mAdc, vCB =10 Vdc, f = 1.0 kHz) 2N718A, 2N1613 - - 3.0
2N956, 2N1711 - - 5.0
Small-Signal Current Gain hfe -
(Ic =1.0 mAdc, VCE =5.0Vde, f =1.0kHz) 2NT7T18A, 2N1613 30 - 100
2N956, 2N1711 50 - 200
(IC =5.0 mAdec, VCE =10 Vdc, f = 1.0 kHz) 2NT18A, 2N1613 35 - 150
2N956, 2N1711 70 - 300
Output Admittance hob umho
(IC=1.0 mAdc, VCB=5.0 Vdc, f = 1.0 kHz) 0.1 - 0.5
(IC=5.0mAdc, VCB=10 Vde, f = 1.0 kHz) 0.1 - 1.0
Noise Figure NF dB
(IC =300 pAdc, VCE =10 Vdc, f = 1.0 kHz) 2NT18A, 2N1613 - - 12
2N956, 2N1711 - - 8.0

(M pulse Test: Pulse Width = 300 us, Duty Cycle = 2. 0%.

2-80




2n720A siuicon)

NPN silicon annular transistor designed for small-
signal amplifier and general purpose switching appli-
cations. ’

CASE 22
(T0-18)

Collector connected to case

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 80 Vdc
\"
Collector-Emitter Voltage CER 100 Vde
Collector-Base Voltage VCB 120 Vdc
Emitter-Base Voltage VEB 7.0 Vdc
Total Device Dissipation @ T A= 25°C PD 0.5 Watt
Derate above 25°C 2.86 mW/°C
Total Device Dissipation @ TC =25°C PD 1.8 Watts
Derate above 25°C 10.3 mW/°C
Operating and Storage Junction T, T -65 to +200 °C
Temperature Range J’ “stg
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case| 6;. 97 °C/W
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2N720A (continued)

ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)

Characteristic Symbol l Min 1 Max I Unit
OFF CHARACTERISTICS'
Collector-Emitter Sustaining Voltage (1 BV Vdc
(L. = 30 mAdc, L_ = 0) CEO(sus) 80 -
C B )
Collector-Emitter Sustaining Voltage (1} BV Vdc
(I =100 mAdc, Ry = 10 ohms) CER(sus) 100 -
Collector-Base Breakdown Voltage BV CBO Vde
(IC =100 pAdc, IE =0) 120 -
Emitter-Base Breakdown Voltage BVEBO Vdc
(IE =100 pAdc, IC =D) 7.0 -
Collector Cutoff Current ICBO
(VCB =90 Vdc, IE =0) - .010 pAdc
(VCB =90 Vdc, IE =0, TA =150°C) - 15 MAdc
Emitter Cutoff Current IEBO wAde
(VBE =5.0 Vdc, IC =0) - .010
ON CHARACTERISTICS
DC Current Gain hFE -
(I = 0.1 mAde, Vg = 10 Vdc) 20 -
= = * -
(IC 10 mAdc, VCE 10 Vdc) 35
(Ic =10 mAdc, VCE =10 Vdc, TA = -55°C) 20 -
(IC =150 mAdec, VCE =10 Vdc)* 40 120
Collector-Emitter Saturation Voltage (1) VCE (sat) Vde
(I =50 mAde, I =5.0 mAdc) s - 1.2
(IC =150 mAdc, IB =15 mAdc) - 5.0
Base-Emitter Saturation Voltage (1) VBE (sat) Vde
(IC =50 mAdc, IB = 5.0 mAdc) - 0.9
(IC =150 mAdc, IB = 15 mAdc) - 1.3
SMALL-SIGNAL CHARACTERISTICS
Current-Gain-Bandwidth Product fT MHz
(IC =50 mAdc, VCE =10 Vdc, f = 20 MHz) 50 -
Output Capacitance c ob pF
(VCB =10 Vdc, IE =0, f =100 kHz) - 15
Input Capacitance Cib pF
(VBE =0.5 Vde, IC =0, f =100 kHz) - 85
Input Impedance hib Ohms
(IC = 1.0 mAdc, VCB =5.0 Vdc, f =1.0 kHz) 20 30
(IC = 5.0 mAdc, VCB =10 Vde, f = 1.0 kHz) 4.0 8.0
Voltage Feedback Ratio LI X 10-4
(IC=1.0 mAdc, VCB=5.0Vdc, f = 1.0 kHz) - 1.25
(Ic =5.0 mAdc, VCB =10 Vdc, f = 1.0 kHz) - 1.50
Small-Signal Current Gain hfe -
(IC = 1.0 mAdc, VCE =5.0Vdc, f = 1.0 kHz) 30 100
(Ig = 1.0.mAde, Vo =10 Vdc, f = 1.0 kHz) 45 -
Output Admittance hob pmhos
(IC = 1.0 mAdc, VCB=5.0Vdc, f = 1.0 kHz) - 0.5
(IC = 5.0 mAdc, VCB =10 Vdc, f = 1.0 kHz) - 0.5

(1) pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%.
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2N721 (siLicon)

PNP silicon annular transistor for high-frequency
general-purpose amplifier applications.

CASE 22
(10-18)

Collector connected to case

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 35 Vdc
Collector-Emitter Voltage VCER 50 Vde
Collector - Base Voltage VCB 50 Vde
Emitter - Base Voltage VEB 5.0 Vde
Total Device Dissipation @ T A=25°C P, " 0.40 Watts

(Derate above 25°C) 2.67 mW/°C
Total Device Dissipation @ To=25°C | Pp 1.5 Watts
TC=100°C 0.75
(Derate above 25°C) 10 mW/°C
Operating & Storage Junction T 7 Tst -65 to +200 °C
Temperature Range g
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2N721 (continued)

ELECTRICAL CHARACTERISTICS @, = 25°C unless therwise noted)

Characteristic Symbol I Min I Max l Unit
OFF CHARACTERISTICS

Collector-Emitter Sustaining Voltage* BVCEO( s“)‘ Vde
(Ic =100 mAdec, IB =0) : 35 - :

Collector-Emitter Sustaining Voltage* BVCER( sus)‘ Vde
(IC =100 mAdc, RBE 5100 ohms) 50 -

Collector-Base Breakdown Voltage BVCBO Vde
(lc =100 pAde, IE =0) 50 -

Collector Cutoff Current ICBO nAde
(Vop =30 Vde, I, = 0) - 1.0
(VCB =30 Vdc, L= o, T, = 150°C) - 100

Emitter Cutoff Current IEBO uAde
(Vpg = 2.0 Vde, 1,=0) - 100

ON CHARACTERISTICS

DC Current Gain* hFE*
(lc =150 mAdc, VCE =10 Vdc) 20 45 -
(Ic =5.0 mAdc, »VCE =10 Vdc) 15 -

Collector-Emitter Saturation Voltage vCE(sat) Vdc
(I, =150 mAdec, I, =15 mAdc) - 1.5

C B |

Base-Emitter Saturation Voltage VBE(sat) i Vde

(I, =150 mAde, I =15 mAdc) ) ‘ - - .3

SMALL SIGNAL CHARACTERISTICSF

Current-Gain — Bandwidth Product : . f ) - MHz

(I = 50 mAde, Vo =10 Vdc, f = 20 MHz) * 50 -

Output Capacitance C ob pF
(Vep =10 Vde, I =0, f =100 kHz) - . 45

Input Capacitance C pF
(Vgg = 0.5 Vde, I, =0) ) ) ) - 100

Input Impedance hib ) ohms
(I =1.0 mAde; Vp =5.0 Vde, f =1.0kHz) ‘ : 25 35
(Ig =5.0 mAde, Vp =10 Vde, f =1.0 kHz) : - 10

" Voltage Feedback Ratio by

(g =1.0 mdc,'vCB =5.0 Vdc, f =1.0 kHz) - 8.0 xm“
(I =5.0 mAde, Vg =10 Vdc, f =1.0 kHz) 1 = 8.0

Small Signal Current Gain hfe
(I =1.0 mAdc, Vg =50 Vde, f =1.0 kHz) 15 50
(1g =5.0.mAde, Vg =10 Vde, f =1.0 kHz) o 20 -

Output Admittance h‘:‘b . ) pmhos
(1o =1.0 mAde, Vg =5.0 Vdc, f =1.0 kHz) - Lo
(I =5.0 mAde, Vo =10 Vde, f =1.0 kHz) ) - 5.0

* Pulse Test: Pulse Width = 300 ps; Duty Cycle = 1. 0%

2-84




2N722 (SILICON)

(2N1132 JAN AVAILABLE)

2N1132
2N1132A
2N2303

PNP SILICON
SWITCHING
TRANSISTORS

CASE 22
PNP SILICON ANNULAR TRANSISTORS (TO-18)
2N722
CASE 31
. . . designed for medium-current switching and amplifier applications. (TO-5)
2N1132
2N1132A
2N2303
MAXIMUM RATINGS
Rating Symbol | 2N722 | 2N1132 |2N1132A| 2N2303 | Unit
Collector-Emitter Voltage v CEO 35 35 40 35 Vdc % DIA
0305
Collector-Emitter Voltage VeEr Vde o i
(RBE < 10 Ohms) 50 50 50 50
Collector-Base Voltage VCB 50 50 60 50 Vdc
Emitter-Base Voltage VEB 5.0 5.0 5.0 5.0 Vdc
Collector Current lc - - 600 500 mAde
Total Device Dissipation@T A" 25°C PD 400 600 600 800 mW
Derate above 25°C 2.67 4.0 4.0 4.0 mwW/°C
Total Device Dissipation @TC =25°C PD 1.5 2.0 2.0 2.0 Watts
Derate above 25°C 10 13.3 13.3 13.3 |mw/°C
Operating Junction Temperature T 7 -85 to +175 °c
Range
Storage Temperature Range <Tstg 65 to +300 °c
T0-5 OUTLINE
(Collector internally connected to case)
185
L
T
&
4
I
0500
MIN
1

2-85

TO-18 OUTLINE
(Collector internally connected to case)




2N722, 2N1132, 2N1132A, 2N2303 (continued)

ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)

I Characteristic l Symbol Min I MaxJ Unit—l
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage' (1) BVC EO Vdc
(I, =100 mAde, I =0) 2N722, 2N1132, 2N2303 35 -
2N1132A 40 -
Collector-Emitter Breakdown Voltage (1) BVepg Vde
(I, =100 mAdc, R_.. < 10 Ohms) 50 -
C BE
Collector-Base Breakdown Voltage BVCBO Vde
(IC =100 pAde, Ig = 0) 2N722, 2N1132, 2N2303 50 -
2N1132A 60 -
Emitter-Base Breakdown Voltage BVEBO Vde
(I = 100 pAdc, Io= 0) 2N722, 2N1132, 2N2303 5.0 -
(I = 1.0 mAdc, Io= 0) 2N1132A 5.0 -
Collector Cutoff Current ICBO pAde
(vCB =30 Vdc, IE =0) 2N722, 2N1132, 2N2303 - 1.0
(VCB =30 Vde, IE =0, TA =150°C) 2N722, 2N1132, 2N2303 - 100
(VCB =50 Vdc, I = 0) 2N1132A - 0.5
‘(VCB =50 vde, IE =0, TA =150°C) 2N1132A - 50
Emitter Cutoff Current IEBO nAde
(VBE =5.0 Vde, IC =0) 2N1132A - 100
(VBE =2.0 Vde, IC =0) 2N2303 - 100
ON CHARACTERISTICS
DC Current Gain hF £ -
(IC = 5.0 mAdc, VCE =10 Vde) 2N722, 2N1132, 2N1132A 25 -
2N2303 75 -
(IC =150 mAdc, vCE =10 Vde) 2N722, 2N1132, 2N1132A 30 90
2N2303 7% 200
Collector-Emitter Saturation Voltage vCE(sat) Vde
(IC =150 mAdc, IB =15 mAdc) - L5
Base-Emitter Saturation Voltage A\ Vde
(I = 150 mAdc, I, = 15 mAdc) BE(sat) . 13
SMALL-SIGNAL CHARACTERISTICS
Current-Gain-Bandwidth Product fT MHz
(I, =50 mAde, V., =10 Vdc, f = 20 MHz) 60 -
C CE }
Output Capacitance (o] b pF
(VCB =10 Vde, Ig =0, f =100 kHz) 2N722, 2N1132, 2N2303 ° - 45
(vCB =10 Vdc, IE =0, f = 1.0 MHz) 2N1132A - 30
Input Capacitance Cib pF
(VBE =0.5 Vdc, IC =0, f =100 kHz) - 80
Input Resistance hib Ohms
(I = 1.0 mAde, V,, =5.0 Vde, f = 1.0 kHz) 25 35
(IC =5.0 mAdec, VCB =10 Vde, f = 1.0 kHz) - 10
Voltage Feedback Ratio by x 104
(IC = 1.0 Ade, VCE =5.0 Vde, f = 1.0 kHz) - 8.0
(IC =5.0 mAdc, VCE =10 Vde, f = 1.0 kHz) - 8.0
Small-Signal Current Gain hfe -
(IC = 1,0 mAdc, VCE =5.0 Vde, f = 1.0 kHz) 2N722, 2N1132 25 100
2N1132A 25 5
. 2N2303 75 300
(IC = 5.0 mAdc, Veg = 5.0 Vde, f = 1.0 kHz) 2N722, 2N1132, 2N1132A 30 -
2N2303 75 -
Output Admittance h b pmhos
(Ig = 1.0 mAde, Vi =5.0 Vde, £ = 1.0 kHz) ° - 1.0
(IC = 5.0 mAdec, VCE =10 Vde, f = 1.0 kHz) - 5.0

" pulse Test: Pulse Width < 300 ps, Duty Cycle = 2.0%.
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2N72 6 (SILICON)
g 27

® Collector-Emitter Breakdown Voltage —
BVCEO = 20 Vdc (Min) @ I¢ = 10 mAdc

® Low Output Capacitance —
Cob = 5.0 pF (Max) @ Vg = 5.0 Vde

PNP SILICON ANNULAR TRANSISTORS

.. . designed for general purpose audio amplifier applications.

PNP SILICON
AMPLIFIER
TRANSISTORS

*MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage VCceo 20 Vdc
Collector-Base Voltage Ve 25 Vdc
Emitter-Base Voltage VEB 5.0 Vdc
Collector Current — Continuous ic 50 mAdc
Total Device Dissipation @ T = 26°C PD 300 mw

Derate above 25°C 2.0 mw/°c
Total Device Dissipation @ T¢ = 25°C Pp 1.0 Watt
Derate above 25°C 6.67 mW/°C
Operating and Storage Junction Ty.Tstg -65 to +200 oc
Temperature Range

*Indicates JEDEC Registered Data

)
5
I

oL
a3

Pin 1. Emitter
. Base
3. Collector

Collector Connected to Case
CASE 22 (1)
(TO-18)
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2N726, 2N727 (continued)

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

[ Characteristic I Symbol I Min Max Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage(1) BVCEO 20 - Vdc
(Ic =10 mAdc,Ig = 0)
Collector Cutoff Current IcCEO - 5.0 uAdc
(VCe =15 Vdc, Ig = 0)
Collector Cutoff Current Iceo uAdc
(Vcg =25 Vdc, Ig = 0) - 1.0
(Ve =25 Vdc, Ig =0, Ta = 150°C) - 25
‘Emitter Cutoff Current IEBO - 0.5 rAdc
(VEg =5.0 Vdc, Ic =0)
ON CHARACTERISTICS
DC Current Gain(1) hre -
(Ic=10mAdc, Vcg = 1.0 Vdc) 2N726 15 45
2N727 30 120
(Ic=10mAdc, Vcg=1.0 Vdc, 2N726 6.0 -
Ta = -55°C) 2N727 12 -
Collector-Emitter Saturation Voltage VCE (sat) - 0.6 Vdc
(Ic =10 mAdc, Ig = 1.0 mAdc)
Base-Emitter Saturation Voltage VBE (sat) - 1.0 Vdc
(ic =10 mAdc, I1g = 1.0 mAdc)
DYNAMIC CHARACTERISTICS
Current-Gain—Bandwidth Product(2) fr 140 - MHz
(Ic=10mAde, Vcg = 10 Vdc, f = 100 MHz)
Output Capacitance Cob - 5.0 pF
(Vcg=5.0 Vdc, Ig =0, f= 1.0 MHz)
Small-Signal Current Gain h¢e -
(lc=10mAdc, Vg =10 Vdc, 2N726 15 90
f = 1.0 kHz) 2N727 30 240

*Indicates JEDEC Registered Data.

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

(2)01- is defined as the frequency at which Ihfel extrapolates to unity.
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aN7 31 (siLicon)

NPN silicon transistor designed primarily for medium-
m power audio-frequency applications in industrial service.

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage VCER 40 Vdce
(RBE = 210 ohms)
CASE 22
(TO-18) Collector-Base Voltage Ves 60 Vde
Collector electrically | Emitter-Base Voltage VEB 5.0 Vde
connected to case
Collector Current — Continuous Ic 1.0 Adc
Total Device Dissipation @ T A" 25°C PD 0.5 Watt
Derate above 25°C 3.33 mW/°C
Total Device Dissipation @ T c™ 25°C PD 1.5 Watts
Derate above 25°C 10 mW/°C
Operating Junction Temperature T 3 +175 °C
Storage Temperature Range Tstg -65 to +200 °C
ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted)
Characteristic Symbol Min Max Unit
Yy .
OFF CHARACTERISTICS '
Collector-Emitter Breakdown Voltage (1} BVCER Vde
(I =100 mAdc, Ry = 10 ohms) 40 -
Collector-Base Breakdown Voltage BVCBO Vde
(I =100 pAde, I = 0) 60 -
Emitter-Base Breakdown Voltage BVEBO Vdc
(IE =100 pAdc, IC =0) 5.0 -
Collector Cutoff Current ICBO pAde
(VCB=30 Vdc, IE =0) - 1.0
(VcB =30 Vde, IE =0, TA =150°C) - IOQ
ON CHARACTERISTICS
DC Current Gain (1) heg -
(Ic =150 mAdc, vCE =10 Vdc) . 40 120
Collector-Emitter Saturation Voltage (1) \4 Vde
(I = 150 mAde, I =15 mAdc) CE(sat) . 1.5
Base-Emitter Saturation Voltage (1) \' Vdc
(I = 150 mAde, I =15 mAdc) BE(sat) - 1.3
DYNAMIC CHARACTERISTICS
Current-Gain—Bandwidth Product IT MHz
(IC =50 mAdc, VCE =10 Vdec, f = 20 MHz) 25 -
Output Capacitance C b pF
(Vop =10 Vdc, I =0, £ =1.0 MHz) ° - 35
Input Capacitance Cib pF
(VBE =0.5 Vdc, IC =0, f =1.0 MHz) - 80

(1).Pulge Test: Pulse Width = 300 us, Duty Cycle = 2. 0%.
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2N7 35 (siicon)

2n7 36
an739
an740

NPN silicon annular transistors designed for small-
signal amplifier and general purpose switching appli-
cations.

CASE 22
(TO-18)

Collector connected to case

MAXIMUM RATINGS

. 2N735| 2N739 .
Rating Symbol | 2n736|2N740 Unit
Collector-Emitter Voltage ' VeEo 60 80 Vdc
Collector-Base Voltage Vep 80 | 125 vdc
Emitter-Base Voltage VEB 5.0 vde
Collector Current IC 1.0 Adc
Total Device Dissipation @ T A= 25°_C Py 500 mWw
Derate above 25°C 2.86 mW/°C
Operating and Storage Junction T I L -65 to +200 °C
Temperature Range g

Lead Temperature, 1/16" + 1/32" from case for 10 s.
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2N735, 2N736, 2N739, 2N740 (Continued)

ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)

l Characteristic l Symbol | Min Max I Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage {1 BVcpo Vdc
(I = 10 mAdc, Iy =0) 2N735, 2N736 60 -
2N739, 2N740 80 -
Collector-Base Breakdown Voltage BVepo vdc
(IC =10 pAdc, Ip = 0) 2N1735, 2N736 80 -
2N739, 2N740 125 -
Emitter-Base Breakdown Voltage BVEBO Vdc
(IE = 10 pAdc, lc =0) 5.0 -
Collector Cutoff Current ICBO pAdc
(VCB = 40 vdc, Ig = 0) - 1.0
Emitter Cutoff Current IEBO uAde
(VBE = 5.0 Vdc, IC =0) - 10
ON CHARACTERISTICS
DC Current Gain hFE -
(lC = 5.0 mAdc, Veg = 5.0 vdc) 2N735, 2N739 30 100
2N736, 2N740 60 200
Collector-Emitter Saturation Voltage VCE (sat) Vdc
(I = 10 mAdc, I = 2.0 mAdc) 8 - 1.0
Base-Emitter Voltage VBE Vdce
(IC = 10 mAdc, Ig=2.0 mAdc) 0.35 1.5
SMALL-SIGNAL CHARACTERISTICS
Output Capacitance : Cob pF
(VCB =5.0Vde, I = 0, f=1.0 MHz) - 10
Input Impedance h, Ohm
(ic = 5.0 mAde, Vi = 5.0 Vde, f = 1.0KkHz) 2N735, 2N739 1e - 1500
2N736, 2N740 - 1800
Small-Signal Current Gain hf -
(IC = 5.0 mAdc, Ve = 5.0 vde, f=1.0 Hz) 2N735, 2N739 € 40 100
2N736, 2N740 80 200

(1) pylse Test: Pulse Width = 300 us, Duty Cycle < 2.0%.
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an741, A (Germanium)

@ PNP germanium mesa transistors for oscillator,
frequency multiplier and amplifier applications.

CASE 22
(TO-18)

Collector connected to case

MAXIMUM RATINGS

Rating Symbol  |2N741{2N741A Unit

Collector-Emitter Voltage VCE 15 20 Vde
Collector-Base Voltage VCB 15 20 Vdc
Emitter-Base Voltage VEB 1.0 Vde
Collector Current IC 100 mAdc
Total Device Dissipation @ T A= 25°C PD 150 mW

Derate above 25°C 2.0 mw/°C
Total Device Dissipation @ T, = 25°C Py 300 mW

Derate above 25°C 4.0 mw/°C
Operating and Storage Junction o o

Temperature Range TJ’Tstg -65 to +100 C

POWER OUTPUT versus FREQUENCY,
CLASS C AMPLIFIER

500 —
|~ LIMITED DUTY CYCLE
= NOTE: DC power input
2 400 f====o e is 800 o 1000 Milliwatts ]
S <
z I
= ~
= 300 -
5 ™
S ] S
3200 [~ HIGH RELIABILITY MAX 0
» \
& \\\ N
=
2 100 S
AY
\
0
10 20 30 40 5060 80 100 200 300

FREQUENCY (MHz)

POWER GAIN AND COMMON EMITTER CURRENT GAIN
versus FREQUENCY

28
24
POWER GAIN
20 \
3 "l\\
9 "
@ 16 N
2
=)
= 12 Vo = —6Vde
3 ke = 5mAde \
80 \
N
4.0
0
1 20 40 60 10 20 40 60 100 200 400 1000
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2N741,A (continued)

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

Characteristic Symbol{ Min| Typ | Max| Unit
ON CHARACTERISTICS
Collector-Base Breakdown Voltage BVCBO Vdc
(lc =100 pAdc, IE =0) 2N741 15 - -
2N741A 20 - -
Emitter-Base Breakdown Voltage BVEBO Vde
(IE =100 pAdc, Ic =0) 1.0 - -
Collector Cutoff Current ICES pAde
WCE =15 Vde, VBE =0) 2N741 - - 100
(VCE =20 Vdc, VBE =0) 2N741A - - 100
Collector Cutoff Current ICBO nwAdc
(VCB = 6 Vde, IE = 0) - 0.2 3.0
ON CHARACTERISTICS
DC Current Gain hFE -
(IC =5 mAdc, VCE =6 Vdc) 10 25 -
SMALL-SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product fT MHz
(‘IE =5 mAde, VCB =6 Vdc, f = 100 MHz) 2N741 - 360 -
2NT741A 300 | 360 -
Output Capacitance [} ob pF
= c, I, = = Hz - .
(VCB 6 Vd E 0, £ = 100 kHz) 6.0 10
Collector Capacitance C. pF
(VCB =6 Vdc, IE =0, f = 100 kHz) - 3.0 -
Small-Signal Current Gain hf e -
(IC =5 mAdec, VCE =6 Vdc, f = 1 kHz) 20 - -
Output Admittance h ob pmhos
(IE =5 mAde, Vg =6 Vde, £=1 kHz) - 45 -
Input Impedance hib . Ohms
(IE = 5 mAde, VCB =6 Vde, f =1KkHz) - | 80 15
Base Resistance r'b Ohms
(I, = 5 mAdc, V,, =6 Vdc, f = 300 MHz) 2N1741 - 75 -
E CB
2NT741A - 65 -
Noise Figure NF dB
(IE =5 mAdc, Vep = 6 Vdc, f = 30 MHz) - 7.0 -
Power Gain, Matched, Neutralized G o dB
(Vgp = 6 Vdc, I =5 mAdc, f = 30 MHz) P 16 22 -
Power Output Pout mwW
(lc = 60 mAdc, VCB = 6 Vdc, - 200 -
Gpe= 8 dB, f =30 MHz) - 250 -
Power Output P out mW
(IC = 60 mAdc, VCB = 6 Vdc, - 200 -
Gpe= 5 dB, f =70 MHz)




an743 (siLicon)

NPN silicon annular transistor designed for high-
speed, low-current, saturated switching operations.

CASE 22
(T0-18)

Collector connected to case

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 12 Vdc
Collector-Base Voltage VCB 20 Vdc
Emitter-Base Voltage VEB 5.0 Vde
Collector Current - Continuous Io 200 mAdc
Total Device Dissipation @T A" 25°C PD 300 mW

Derate above 25°C 1.7 mW/°C
Operating and Storage Junction T, T -65 to +200 °C
N J’> “stg
Température Range

SWITCHING TEST CIRCUITS
FIGURE 2 — CHARGE-STORAGE TIME

FIGURE 1 — TURN-ON AND TURN-OFF
TIME TEST CIRCUIT

INPUT PULSES

TEST CIRCUIT

TURN-ON
3 +VCC
1 91
TURN-OFF 50 R Lok
5 TO SCOPE
l AN—O 0.1
V2 BF 4 <10
'Y  TOSCOPE o1 uF L 51.0n8
F 1 -
t,51.0ns ® tE1.0ms 2, =50
Pulse Width = 300 ns 2y, =500
Duty Cycle = 2.0% Vin =10V 56
t £1.0ns
r =
Pulse Width = 300 ns uv
Vg Duty Cycle = 2.0%
CIRCUIT CONDITIONS
(VOLTS)
ton Lott (OHMS)
condition| V1 | VBB | Y2 |VBB |[Vec | FiR2 | Ry | Ry Rs
1 15 | -3.0 [ -15 [«12 |30 3.3k 50 | 220
2 20 | -4.5 | -20 | +15.3%| 6.0 330 56 - | 1ok
* Vpp is pulsed for 1.5 s at less than 10% Duty Cycle to maintain Te < 30°C.
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2N743 (continued)

ELECTR'CAL CHARACTERIST'CS (T4 = 25°C unless otherwise noted)

Characteristic Symbol Min Max Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage BVCEO Vdc
(lc =10 mAdc, IB =0) 12 -
Collector-Cutoff Current ICES pAde
(VCE =20 Vdc, VBE =0) - 1.0
(VCE =20 Vde, VBE =0, ’I‘A =170°C) - 100
Collector Cutoff Current ICEX uAde
(VCE =10 Vdc, vEB(oif) =0.35 Vde, TA =100°C) - 30
Collector Cutoff Current ICBO nAde
(VCB =20 Vdc, IE =0) - 1.0
Emitter Cutoff Current pAde
(Vg =5:0 Vde, I, =0) 'eB0 - 10
ON CHARACTERISTICS
DC Current Gain hFE
(Ic =1.0 mAdc, VCE = 0. 25 Vdc) 10 -
(lc =10 mAdc, VCE =0.35 Vdc) 20 60
(IC =10 mAdec, VCE =0.35 Vdc, TA = «55°C) 10 -
(IC =100 mAdc, VCE =1.0 Vdc) 10 -
Collector-Emitter Saturation Voltage vcE (sat) Vdc
(lC =10 mAdc, IB =1.0 mAdec, TA =170°C) - 0.35
(IC =100 mAdc, IB =10 mAdc, TA =170°C) - 1.0
(l‘c =10 mAde, Iy =1.0 mAdc, T, =-55°C) - 1.1
Base-Emitter Saturation Voltage VBE (sat) Vde
(IC =10 mAdc, IB =1.0 mAdc) 0.65 0.85
(IC =10 mAdc, IB =1.0 mAdc, TA = -55°C) - 1.1
(IC =100 mAdc, IB =10 mAdc) - 1.5
(I =100 mAdc, Iy =10 mAde, T, = -55°C) - 1.6
DYNAMIC CHARACTERISTICS
Current-Gain—Bandwidth Product fT MHz
(IC =10 mAdc, VCE =10 Vdc, f = 100 MHz) 282 -
Output Capacitance Cob pF
(VCB =5.0 Vdce, IE =0, f = 1.0 MHz) - 5.0
Turn-On Time toh ns
(VCC =3.0 Vdc, vBE(off) =1.5 Vde, lC =10 mAdc,
IBl = 3.0 mAdc, Condition 1) - 16
(VCC = 6.0 Vdc, VBE(off) = 2.4 Vdc, IC = 100 mAdc,
IB1 = 40 mAdc, Figure 1, Condition 2) - 12
Turn-Off Time toﬁ ns
(VCC = 3.0 Vde, IC =10 mAdc, I‘31 = 3.0 mAdc,
[BZ =1.5 mAdc, Condition 1) - 24
(VCC = 8,0 vdc, IC =100 mAdc, IB1 =~ 40 mAdc,
XBZ = 20 mAdc, Figure 1, Condition 2) - 40
Storage Time ts ns
(IC =10 mAdc, [Bi = IBZ =10 mAdc, VCC =10 Vde,
Figure 2) - 14
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2n744 (siicon)

0

NPN silicon annular transistor for high-speed switch-

- ing applications.
CASE 22 o
(TO-18)

Collector connected to case

MAXIMUM RATINGS

Rating Symbol Valve Unit

Collector-Base Voltage VcB 20 Vdc
Collector-Emitter Voltage* VecEO 12* Vde
Emitter-Base Voltage VEB 5.0 Vde
Collector DC Current Ic 200 mAdc
Total Device Dissipation at v -

25°C Case Temperature Py 1.0 Watt

(Derate 6. 67 mW/°C above 25°C) .
Total Device Dissipation at .

25°C Ambient Temperature ‘ Pp 0.3 Watt

Derate above 25°C 2.0 mwW/°C
Junction Temperature Ty a +200 °C
Storage Temperature Tstg -65 to +200: °C

"Refeérs to the voltage at which the magnitude of hpf, approaches one when the
emitter-base diode is open-circuited.

SWITCHING TIME TEST CIRCUIT CHARGE STORAGE TEST CIRCUIT

MODEL 303 LUMATRON R4
PULSE GENERATOR
OR EQUIVALENT

R1

j© ey 500
Fl HFR) 5 w2 3 HRR
1K 2
10 Vdc
o o :E 83 | ( 0.0023 0.0023
IC = 10 mA . SHHFR) /
10 mAdc) 1 }|o.oos 'Eo,oos
= ' 0.1 0.1
IC = 410 mAdc + H}—‘—{HL

1Bl = 410 mAdc
1B2 = 10 mAdc ) ~T Ve =T Vee

RS

E (HFR) qa
0.1 ) MODEL 12-AB
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2N744 (continued)

ELECTRICAL CHARACTERISTICS (T4=25°C unless otherwise noted)

Characteristic

Symbol

Min

Typ

Unit

Collector Cutoff Current
(Vap = 20 Vde, Ip = 0)
C| E °
(Veg = 20 Vde, Ig = 0, Ty = 170°C)

Ices

. 005

wAdc

Collector Cutoff Current
(Veg = 10 Vdc, Vgg = 0.35 Vdc, T4 = 100°C)

IcEX

% Adc

Emitter Cutoff Current
(Vgp =5 Vde, Ic = 0)

IeBO

uAdc

Collector-Emitter Breakdown Voltage
(IC = 10 mAdc, Ig = 0)*

BVceo

12

Vdc

Forward Current Transfer Ratio
(Ic=10 mAdc, Ve = 0. 25 Vdc)
(Ic = 10 mAde, VCE = 0:35 Vdc)
(Ic = 10 mAdec, VCE = 0.35 Vde, Tp = -55°C)
(Ic = 100 mAdc, VCE = 1.0 Vdc)*

hFE

-40

20

20
20

Small Signal Forward Current Transfer Ratio
(Ic = 10 mAdc, VcE = 10 Vdc, f = 100 MHz)

Base-Emitter Voltage
(Ic = 10 mAdc, Ig = 1 mAdc)
(Ic = 10 mAdc, Ig = 1 mAdc, TA = -55°C)
(Ic = 100 mAdc, Ig = 10 mAdc)*
(I = 100 mAdc, I = 10 mAde, TA = -55°C) (1)

VBE

Vdc

Collector-Emitter Saturation Voltage
(Ic = 10 mAdc, I = 1 mAde, Ta = 170°C)
(IC = 100 mAdc, I = 10 mAdc, TA = 170°C) (V!

vCE(sat)

Vde

Output Capacitance
(VCB =5 Vdc, lE = 0)

Cob

3.0

pF

Turn-on Time
(Condition 1)
(Condition 2)
(Condition 3)
(Condition 4)

ton

26
10
7.0
6.0

16

12

ns

Turn-off Time
(Condition 1)
(Condition 2)
(Condition 3)
(Condition 4)

toff

30
17
18
23

24

45

ns

Charge Storage Time Constant
(Ic = 10 mAdc, Iy = -Igg = 10 mAdc)

18

ns

(1) Pulse Test: Pulse width = 300 us, duty cycle = 2%

CONDITION] I I Ig. VeEeoff) | Ycc | R1 = R
m?\ n‘\aA mx J}c ) Vdc Q

on

toss

VBB

VBB
v

ViN
v

3 1] -05 -0.9 3.4 6.8 K
10 3| -1.5 -1.5 3.0 3.3K
50| 15 | -7.5 -1.8 4.0 680

100| 40 |-20.0 -2.4 6.0 330

P

50
50
50
56

1K
220

1K
1K

-1.8
-3.0
-3.5
-4.5

10.2
15.0
15.3
20.0

8.4
12.0
*11.7
*15.3

-10.2
-15 0
-15.3
-20.0

*Vpp is pulsed for 1.5 s @ less than 10% duty cycle

2n7 53 siuicon)

For Specifications, See 2N706 Data.
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an827 (GERMANIUM)

PNP germanium mesa transistor for high-speed
switching applications.

CASE 22
(T0-18)

Collector connected to case

MAXIMUM RATINGS

Rating o Symbol l | Yalue | Unit
Collector-Base Voltage Ves 20 Vde
Colleétox‘uEmitter Voltage VCES | 20 Vde
Collector-Emitter Voltage - Veex 10 Vdc
Emitter-Base VOltage VEB 4.0 |  Vvde
c’oue"ctdr Current (éohtinuous) Ie 100 B .~ mAdc

~ Junction Temperature | Ty +100 °c
Storage 'fem;:er‘at‘ure ' Tstg -65 to + 100 oc
Device 6issipaﬁm @ 259C ‘ Pp 150 JmW
Ambient Temperature 2.0 mW/°C
(Derate 2mW/OC above 25°C)

les = —10mAde
v W 1y, = —3.3mAdc
cc = = |y = =3.3mAdc
GENERATOR Z,,, = 500 "
INPUT PULSE t, == t == 1 s —_
INPUT PULSE WIDTH == 100 ns " SWITCHING TIME TEST CIRCUIT

(50% DUTY CYCLE) SCOPE
2 = 1 Megn
Cin == 20.pF

t,=1ns

Vaer = +4Vde
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2N827 (continued)

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

Characteristic Symbol | Min | Typ | Max | Unit
Collector-Base Breakdown Voltage BVcBo Vde
(Ic =100 un Ade, Ig =0) 20 22 -——
Collector-Emitter Breakdown Voltage BVC ES vde
(Ic=100 uAdc, VEg= 0) 20 22 -—-
Emitter-Base Breakdown Voltage BVEBO Vde
(IE= 100 upAdc, Ic=0) 4 5.0 ---
Collector Latch-up Voltage LVCEX 10 —ee | wwa Vdc
Collector - Emitter Cutoff Current IcEs ‘uAdc
(VCE =15 Vdc, VEB =0) - 0.5 5. 0 ]
Collector-Base Cutoff Current Ico uAde .
(Vep =15 vde ) --- 1 0.5 5.0
DC Forward Current Transfer Ratio hgg voe
(IC =10 mAde, Vcg=0.3 Vdc) 100} 150 | ---
Collector-Emitter Saturation Voltage VeE( sat) vde
(Ic =10 mAdc, Ig =3.3 mAdc) ---] 0.16] 0.25
Base-Emitter Voltage VBE vdce
(IC =10 mAdc, Ig =3.3 mAdc) ---1 0.39| 0.5
Small-Signal Forward Current Transfer Ratio | hg, ---
(Ic =10 mA, Veg=1V, {=100 MHz) 25 35 [ ---
Collector Output Capacitance Cob pF
(Vep =10V, Ig =0, f=1 MHz) --=| 4.0 9.0
Delay Time ty --=1 10 15 ns
Rise Time tr -==] 10 20 ns
Storage Time tg --=] 15 30 ns
Fall Time tf ---1 15 30 ns




2N828 (cermaNIUM)

PNP germanium epitaxial mesa transistor for high-
speed switching applications.
CASE 22
(10-18)
Collector
connected to case

MAXIMUM RATINGS

Rating Symbol Value Unit

Collector-Emitter Voltage vCEO 15 Vde
Collector-Base Voltage VCB 15 Vde
Emitter-Base Voltage ; VB 2.5 Vdc
Collector-Current IC 200 mAdc
Total Device Dissipation @ T, = 25°C Py 150 mW

Derate above 25°C 2.0 mw/°c
Total Device Dissipation @ TC =25°C P, 300 mW

Derate above 25°C 4.0 mw/°c
Operating and Storage Junction o

Temperature Range Ty, Tstg -65 to +100 C

FIGURE 1 — SWITCHING TIME TEST CIRCUIT

TYPE R SAMPLING RESISTOR

INPUT WAVEFORM PULSE VOLTS 2800 200
INTERNAL RESISTANCE

200 @ 4.8k —3Vdc (APPROX)
NOTE: (ADJUST FOR I = —10mA)
Igy = —1mA
I = +0.25mA
lc = —10mA

USE TEKTRONIX TYPE R PLUG-IN

FIGURE 2 — CHARGE STORAGE TIME TEST CIRCUIT
TYPE R SAMPLING RESISTOR

+av PULSE VOLTS 9800 209
INTERNAL RESISTANCE AV A O
50Q 350 ~10Vdc (APPROX)
[ Py A, O AAA/ AN NOTE: (ADJUST FOR 1 = 10mA)
Jyy = —0.10mA
—4.4v Iy = 4-10mA
INPUT WAVEFORM L o = —10mA
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2N828 (continued)

FIGURE 3 — RISE TIME FACTOR

HEWLETT PACKARD
MODEL 185 SAMPLING
0SCILLOSCOPE

SKL MODEL 503 -4—O
PULSE GENERATOR 3K HFR
0 o ° A 1250
$ HRR
510 0.14F
HFR AVl
—7.5V o
AYS
INPUT WAVEFORM = o.oéll,lr o)
—3.0vde
FIGURE 4 — STORAGE AND FALL TIME TEST CIRCUIT HEWLETT-PACKARD
MODEL 185 SAMPLING
0SCILLOSCOPE
OBSERVE +—oO
+1.05V SCOPE TRIGGER INPUT HERE  0.014F
0 125Q
” S HFR
INPUT WAVEFORM kR 0.001,F 0,001,
I e
LY n
= I -
LAY n
fo) 0.14F 0.1,F o
—7.5vde —3.0vdc
ELECTRICAL CHARACTERISTICS (T =25°C unless otherwise noted)
Characteristic Symbol Min Typ Max Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage BVCEO Vdc
(In=1mAde, I, = 0) - 10 -
C B
Collector-Emitter Breakdown Voltage BVCES Vde
(IC = 100 pAdc, VBE =0) 15 25 -
Collector-Base Breakdown Voltage BVCBO Vde
(Ic = 100uAdc, Ip= 0) 15 25 -
Emitter -Base Breakdown Voltage BVEBO Vde
(IE = 100 pAdc, Ic= 0) 2.5 - -
Collector Cutoff Current ICBO 1Adc
(VCB = 6 Vdc, IE = 0) - 0.4 3.0
ON CHARACTERISTICS
DC Current Gain hFE -
(IC = 10 mAdc, VCE = 0.3 vdc) 25 40 -
Collector- Emitter Saturation Voltage (VCE( sat) Vde
(Ic = 10 mAdc, Ig=1 mAdc) - 0.12 0.2
(Ic = 50 mAdc, ;=5 mAdc) - 0.18 0.25
Base-Emitter Saturation Voltage VBE( t) Vde
(I = 10 mAde, I = 1 mAdc) sa 0.34 0.39 0.44
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2N8 28 (continued)

ELECTRICAL CHARACTERISTICS (continued)

[ Characteristic l Symbol i Minj Typ Max | Unit
DYNAMIC CHARACTERISTICS
Current-Gain — Bandwidth Product fT MHz
(Ic = 10 mAdc, VCE = 1 Vde, f= 100 MHz) 300 400 -
Output Capacitance Cob pF
(Vog = 10 Vdc, I = 0) o - 3.5 -
Small Signal Current Gain hf -
(I,= 10 mAdc, V.. = 1 Vdc, f = 100 MHz) ¢ 3 4.0 -
C CE
Delay Plus Rise Time (Figure 1) ty* tr - 50 70 ns
Storage Time (Figure 1) te - 33 50 ns
Fall Time (Figure 1) te - 35 50 ns
Charge Storage Time Constant (Figure 2) Ts - 14 25 ns
Rise Time (Figure 3) tr - 7.0 - ns
Storage Time (Figure 4) te - 5.0 - ns
Fall Time (Figure 4) te - 3.0 - ns

2N828A (GermaNiUm)

2n829

CASE 22
(T0-18)

speed switching applications

Collector connected to case

MAXIMUM RATINGS

PNP germanium epitaxial mesa transistors for high-

Rating Symbol Valuve Unit
Collector to Base Voltage VC B 15 Vdc
Collector to Emitter Voltage VCES 15 Vdc
Emitter to Base Voltage VEB 2.5 Vdc
Collector Current (Continuous) Ic 200 mAdc
Total Device Dissipation at 25°C case PD 300 mW
Temperature (Derate 4. 0Omw/°C above 25°C)
Total Device Dissipation at 25°C PD 150 mwW
Ambient Temperature (Derate 2, 0Omw/°C)
Junction Temperature T; +100 °C
Storage Temperature Tstg -65 to +100 °C
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2N828A, 2N 829 (continued)

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

Characteristic Symbol | Min | Typ | Max | Unit

Collector to Base Breakdown Voltage BVc BO 15 25 i Vdc
IE =0, IC = 100pxAdc

Collector to Emitter Breakdown BVCES 15 25 -- Vde
Voltage
VEB =0, IC = 100pxAdc

Emitter to Base Breakdown Voltage BVEBO 2.5 -- -- Vdc
IC =0, IE = 100u Adc

Collector Cutoff Current ICBO -- 0.4 3.0 uAde
IE =0, VCB = 6Vdc

Forward Current Transfer Ratio hFE -- --
IC = 10mAdc, VCE = 0.3Vdc 2N828A 25 40

2N829 50 80

Forward Current Transfer Ratio hfe -- --

IC = 150mAdc, VCE = 1Vde 2N828A 25 40
2N829 50 80

Collector Saturation Voltage VCE (sat) -- ‘ Vdce
Ic = 10mAdc, IB = 1.0 mAdc 2N828A 0.11 0.20 '
Ic = 10mAdc, IB = 0.5mAdc 2N829 0.11 0.20

Collector Saturation Voltage \' CE(sat) -- -- 0.25 Vdc
IC = 50mAdec, IB = 5.0mAdc

Collector Saturation Voltage VCE (sat) LR Vde
IC = 150mAdc, IB = 15mAdc 2N828A 0.35 0.50
IC = 150mAdc, IB = 7.5mAdc 2N829 ’ 0.38 0.50

Base to Emitter Voltage VBE Vde
Ic = 10mAdc, IB = 1lmAdc 2N828A 0.34 0.40 0.44
IC = 10mAdc, IB = 0.5mAdc 2N829 0.30 0.38 0.44

Base to Emitter Voltage VBE -- Vde
I.= 150mAdc, IB = 15mAdc 2N828A 0.70 0.85
C
IC = 150mAdc, IB= 7. 5mAdc 2N829 0.65 0.85

Collector Capacitance Cob - 2.2 4.0 pF
IE =0, VCB = 6Vdc, f = 100 kHz)
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2N828A, 2N 829 (continued)
ELECTRICAL CHARACTERISTICS (continued)

Characteristic Symbol Min | Typ | Max | Unit
Input Capacitance Cib == 2.2 3.5 pF
Vg = 1Vdc, I, =0, f=100 kHz)
Small Signal Forward Current ht‘e 3.0 4.0 == --
Transfer Ratio
IC = 10mAdc, VCE = -1Vdc, f = 100 MHz
Current Gain Bandwidth Product fp 300 400 -- MHz
VCE = 1Vdc, IC = -10mAdc, f = 100 MHz
Delay Plus Rise Time (Fig. 1) td+tr -- 35 50 ns
I.= 10mAdc
C
Storage Time (Fig. 1) ts -- 30 50 ns
I.= 10mAdc
C
Fall Time (Fig. 1) tf -- 30 50 ns
IC = 10mAdc
Total Control Charge (Fig. 3) QT -- 50 80 pC
IC = 10mAdc
Delay Plus Rise Time (Fig. 2) t d+tr -- 25 50 ns
IC = 150mAdc
Turn Off Time (Fig. 2) toff -- 60 100 ns
IC = 150mAdc
Total Control Charge (Fig. 4) QT . 120 175 pC
IC = 150mAdc
FIGURE 1 — 10mA SWITCHING TIME FIGURE 2 — 150mA SWITCHING TIME
TEST CIRCUIT TEST CIRCUIT
SAMPLING SAMPLING
RESISTOR RESISTOR
PULSE 280 20 PULSE 48 2
VOLTS - VWA—O -3.1Vdc VOLTS - VW—O -7.75 Vdc

INPUT INTERNAL

INPUT  INTERNAL
SIGNAL  RESISTANCE

SIGNAL RESISTANCE

L OSCOPEV,_, L OSCOPE V

1.25 Vde
’ 200 4.8K P #.9Vde 300 900 Ic = -150mAde
0= =|--|- 0= =|==|~- Ig; = -7.5mAdc
IBL = -lmAdc Ipy = +1.9mAdc
5.4 VBC IB2 =+0.25mAdc 8. 2vac 3
= VBE (0) = +1.25Vdc 1 BE(0) = +1.9Vdc
SCOPE INPUT IMPEDANCE = 1Megohm SCOPE INPUT IMPEDANCE = 1Megohm
SCOPE INPUT CAPACITANCE = 20 pF SCOPE INPUT CAPACITANCE = 20 pF
GENERATOR OUTPUT IMPEDANCE = 50 ohms GENERATOR OUTPUT IMPEDANCE = 50 ohms
INPUT PULSE t_ = t, = 2ns INPUT PULSE t_ = t, = 2ns
FIGURE 3 — 10mA TOTAL CONTROL FIGURE 4 — 150mA TOTAL CONTROL
CHARGE TEST CIRCUIT CHARGE TEST CIRCUIT
*ADJUST V FOR -5.4 VOLT PULSE AT POINT A *ADJUST Vpp FOR -8 VOLT PULSE AT POINT A
300 50

16 pF -3.1Vdc 22/pF

VBB* 100 A I, = -10mAde VBB* }g v
'LJ' AL I = -lmAde U 4
-5.4 Vdc = -8 Vdc
AT POINT A 100 / Hg RELAY AT POINT A 100 {Hg RELAY =
= 4 m 20mv L 1 ==%% _ somv
10%-+ oL MAX 10%--! & aax
10ns  MAX - e 10ns  MAX - fe ¥
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an834 (siLicon)

2n835

NPN silicon epitaxial transistors for high- speed
switching applications.

CASE 22
(10-18)

Collector connected to case

MAXIMUM RATINGS

Rating Symbol 2N834 2N835 Unit
Collector-Emitter Voltage VCES 30 20 Vde
Collector-Base Voltage VCB 40 25 Vde
Emitter-Base Voltage VEB 5.0 3.0 Vde
Collector Current-Continuous Peak IC 200 mAdc
Total Device Dissipation @ T, = 25°C P, 0.3 Watt

Derate above 25°C 2.0 mw/°C
Total Device Dissipation @ T, = 25°c P, 1.0 Watt
Derate above 25°C 6. 67 mw/°c
Total Device Dissipation @ T, = 100°c Py 0.5 Watt
Derate above 100°C 6. 67 mw/°c
Operating and Storage Junction Ty T, stg -65 to +175 °c
Temperature Range

FIGURE 1 — TURN-ON AND TURN-OFF FIGURE 2 — CHARGE STORAGE TIME
TIME MEASUREMENT CIRCUIT CONSTANT MEASUREMENT CIRCUIT

Vo = Ve [ tore: Vos = +16Vde V¥, = —19Vde
ov ! ov 1
Vio = +21 Ve L——L

NOTE: ALL TIMES WITH MODEL 420 TIME TEST SET OR EQUIVALENT.

2-105



2N834, 2N835 (continued)

ELECTRICAL CHARACTERISTICS (T,= 25°Cunless otherwise noted)

Characteristic

Symbol

Min

Max

Unit

OFF CHARACTERISTICS

Collector-Base Breakdown Voltage
(Ic = 10 pAdc, IE = 0)

2N834
2N835

BVCBO

40
25

Vde

Emitter-Base Breakdown Voltage
(IE = 10 pAde, Ic =0)

2N834
2N835

BVE BO

Vde

Collector Cutoff Current
(VCE = 30 Vde, VBE =0)

(Vg = 20 Vde, Vo= 0)

2N834
2N835

CES

10
10

pAde

Collector Cutoff Current
(VCB = 20 Vdc, IE = 0)

v

_ 0
CB = 150"C)

=20 Vde, 1= 0, T,

CBO

0.5
30

uAde

ON CHARACTERISTICS

DC Current Gain'"

(I = 10 mAde, V,

CE" 1 vde)

2N834
2N835

FE

25
20

Collector -Emitter Saturation Voltage
(IC = 10 mAdc, IB = 1 mAdc)

(I = 50 mAde, I = 5 mAdc)"”

2N834
2N835

2N834
2N835

(VCE(sat)

0.25
0.30

0.4

Vdce

m
Base-Emitter Saturation Voltage

(IC = 10 mAdc, IB = 1 mAdc)

VBE(sat)

0.9

Vde

DYNAMIC CHARACTERISTICS

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

(Ig = 10 mAde, Vo = 15 Vdc, { = 100 MHz)

2N834
2N835

350
300

MHz

High-Frequency Current Gain
(Ic = 10 mAdc, vCE = 20 Vdc, f = 100 MHz)

(Ic = 10 mAdc, VCE = 15 Vdc, f = 100 MHz)

2N834
2N835

|Pse]

3.5
3.0

Output Capacitance ~
(VCB = 10 Vdec, IE = 0, f= 100 kHz)

ob

4.0

pF

Charge-Storage Time Constant (Figure 2)
(Ic = 10 mAdc, IBl = IBZ = 10 mAdc)

2N834
2N835

25
35

ns

Turn-On Time (Figure 1)

(I = 10 mAde, Ip; Ipy -

= 3 mAdc, = 1 mAdc) 2N834

2N835

ton

33
20

ns

Turn-Off Time (Figure 1) :

(Ic = 10 mAdc, 'IBl = 3 mAdc, le = 1 mAdc) 2N834

2N835

off

75
35

ns

()
Pulse Test: Pulse Width < 12 ms, Duty Cycle

< 2%
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2an838 (GErRMANIUM)

S

CASE 22
(TO-18)

Collector connected to case

MAXIMUM RATINGS

PNP germanium epitaxial mesa transistor for high-
speed switching applications.

Rating Symbol Value Unit
Collector-Base Voltage VB 30 Vdc
Collector-Emitter Voltage VCES 30 Vdc
Collector-Emitter Voltage VCEX 15 Vde
Emitter-Base Boltage VEB 2.5 Vdc
Collector Current (Continuous) Ic 100 mAdc
Junction Temperature Ty +100 oc
Storage Temperature Tstg -65 to+ 100 o°c
Device Dissipation @ T , = 25°C Pp 150 mw

(Derate 2mW/°C above 25°C) 2.0 mW/°C

FIGURE 1 — SWITCHING TIME TEST CIRCUIT

les = —10mAdc
= —3.3mAdc
GENERATOR Z,, = 500 Iy = +3.3mAdc
INPUT PULSEt, = t, =< 1 ns
INPUT PULSE WIDTH = 100 ns

(50% DUTY CYCLE)

SCOPE
Zn=1MegQ
Cin = 20 PF
t.=1ns

1.2KQ

Vieiy = +4Vde

FIGURE 2 — AREA OF PERMISSIBLE LOAD LOCI

100 G
I? LATCH-UP Latch- up Free Operating Area. Latch-up is the
AREA failure of the collector potential to return to the
’ supply voltage upon turn-off. The curve shows
% 7 the permissible operating area to avoid latch-up.
80 , Load excursions must not pass through the
LATCH-FREE Y shaded area. Excursions into the. shaded area
i) LOAD LINE AREA 7 will not necessarily harm the transistor, but may
2 produce the reduction in output voltage noted
£ 7 above and cause mgh power dissipation.
= Ty
= 60 " Coltector Lateh- -Up Voltage Test Circuit
&
s SCOPE
o
]
AREA OF 1
g LATCH-FREE X . 0.3 Ve
= OPERATION T
=1 WHEN t OF
S ouTPUT 0=f=== L vec=10vdc
S PULSE < 15ns =
2 A\ ~2.5Vde
N 4 t < 2.0ns
~N
\
0
0 1 2 3 4 5 6 7 8 9 10

Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS)
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2N838 (continued)

ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)

Characteristic Symbol Min | Typ | Max Unit
Collector-Base Breakdown Voltage BVCBO Vde
(Ic =100 y Adc, Ig =0) 30 35 ——
Collector-Emitter Breakdown Voltage BVCES Vde
(Ic=100 pAdc, VEg=0) 30 35 —
Emitter-Base Breakdown Voltage BVERo ’ Vdc
(Ig=100 u Adc, 1,=0) 2.5 4.5 -
Collector Latch-up Voltage LVCEX Vde
(see Figure 2) 15 —— -——-
Collector-Emitter Cutoff Current ICES LAde
(Veg =15 Vde, VeB =0) -——- 1.0 10
Collector-Base Cutoff Current Iceo M Ade
(VCB=15V, Ig = 0) - 1.0 10
DC Forward Current Transfer Ré.tio hFE ——
(Ic=10mAde, Vop=0.3 Vde) 30 70 ——
Collector-Emitter Saturation Voltage VCE(sat) Vvde
(Ic =10 mAdc, Ig =3.3 mAdc) - 0.1 0.18
Base-Emitter Voltage VBE Vdc
(IC =10 mAdc, Ig =3.3 mAdc) -—- 0.39 0.5
Small-Signal Forward Current Transfer Ratio hge -
(Ic=10 mA, Vcg =1V, £=100 MHz) 3.0 4.5 —
Collector Output Capacitance Cob pF
(VCB=10V, Ig=0, f=1 MHz) -——- 2.0 4.0
Delay Time (Figure 1) tq ——— 10 15 ns
Rise Time (Figure 1) 1 -—- 7.0 15 ns
Storage Time (Figure 1) ts -—— 10 20 ns
Fall Time (Figure 1) te -—- 10 20 ns
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28840 (siicon)
2n841

0

NPN silicon annular transistors designed for small-
signal amplifier and general purpose switching appli-

cations.

CASE 22
(10-18)

Collector connected to case

MAXIMUM RATINGS

Temperature Range

Rating Symbol Value Unit
Collector-Emitter Voltage VCE o 45 vdc
Collector-Emitter Voltage VCES 45 Vdc
Collector-Base Voltage VCB 45 Vdc
Emitter-Base Voltage VEB 2.0 Vdc
Collector Current IC 1.0 Adc
Total Device Dissipation @ T A= 25°C PD 500 mW

Derate above 25°C 2.86 mwW/°C
Operating and Storage Junction T 7 T stg -65 to +200 °C
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2N840, 2N841 (Continued)

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

| Characteristic

J Symbol

| min |

Max

Unit

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage
(IC = 10 mAdc, IB =0)

BVeko

45

vdc

Collector-Base Breakdown Voltage
(IC = 100 pAdc, IE = 0)

BVepo

45

Vdc

Emitter-Base Breakdown Voltage
(IE =100 pAdc, IC =0)

BVEBO

2.0

vdc

Collector Cutoff Current

(VCE = 45 Vdc, Vg = 0, R, = 5.0 k ohms)

BE

IcER

20

uAdc

Collector Cutoff Current
(VCB = 45 Vdc, IE = 0)

(VCB = 45 Vdc, IE =0, Ty = 150°C)

Ieso

1.0
50

wAdc

Emitter Cutoff Current
(VBE = 2.0 Vdc, IC =0)

EBO

50

uAdce

ON CHARACTERISTICS

DC Current Gain
(Ic = 10 mAdc, VCE = 5.0 Vdc)

2N840
2N841

hpg

30
60

100
400

Collector-Emitter Saturation Voltage
(IC = 10 mAdc, I-B = 2.2 mAdc)

VCE(sat)

2.0

Vdce

SMALL-SIGNAL CHARACTERISTICS

Current-Gain—Bandwidth Product
(IC = 1.0 mAdc, VCE = 5.0 Vdc, f =20 MHz)

2N840
2N841

[
ow

MHz

Output Capacitance
(VCB = 5.0 Vdc, IE =0, f=1.0 MHz)

ob

15

pF

Small-Signal Current Gain

(IC =1, 0'mAdc, Veg = 5.0 Vde, f = 1.0 kHz)

(IC = 1.0 mAdc, VCE
T, = -55°C) -

=5.0 Vdc, f = 1.0 kHz,

© 2N840

2N841

2N840
2N841

fe

40
80

15
25

90
330

Output Admittance
(IC. = 1.0 mAdc, VCE =5.0Vdc, f =1.0 kHz)

hoe

1.2

© umhos

Input Resistance

(I =1.0 mAdc, Vg =5.0 Vde, £ = 1.0 kHz)

CB

ib

80

Ohms

Output Conductance

(i = 1.0 mAde, Vp = 5.0 Vde, £ = 1.0 kHz)

CB

ob

1.2

unihos

Real Part of Input Impedance
(lc = 10 mAdc, Veg = 10 vdc, f =20 MHz)

Re(hie)

500

Ohms
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28869 (siicon)
2N995

CASE 22
(T0-18)

Collector connected to case . .
PNP silicon annular transistors for high-frequency

general-purpose amplifier applications.

MAXIMUM RATINGS

Rating Symbol Types Value Unit
Base Voltage \/o}:] 2N869 25 Vde
2N995 20
Collector-Emitter Voltage VCEO 2N869 18 Vdc
2N995 15
Emitter-Base Voltage VEB 2N869 5.0 Vdce
2N995 4.0
Total Device Dissipation Pp Both
at 25°C Case Temperature Types 1.2 Watts
at 100°C Case Temperature 0.68 Watg
Derate above 25°C 6.86 mw/"C
Total Device Dissipation PD Both
at 25°C Ambient Temperature Types 0.36 Watt
Derate above 25°C 2.06 mw/°C
Storage Temperature Tstg Both -65 to +200 oc
Types
Junction Temperature T 3 Both +200 oc
Types
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2N869, 2N995 (continued)

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

Characteristic Symbol Min [Typ |Max | Unit

Collector-Base Breakdown Voltage BVcpo vde
(IC = 10 pAdc, Ig = 0) 2N869 25 cee | cam
2N995 20 S

Collector-Emitter Sustaining Voltage " VCEO (sust Vdc
(Ic = 10 mAdc, Ig = 0)  2N869 (sust) | g | .o |-
2N995 15 | -e- | ---

Emitter-Base Breakdown Voltage BVEBO
(Ig =10 yAde, Ic =0) 2N869 5.0 ===]--- | vde
2N995 4.0

Collector Cutoff Current lClao u Adc
(Vcp = 15Vvde,Ig= 0) 2N869 --=| ---]010
2N995 -==-] ---1005

(Vep = 15Vde, Ig = 0, T4 = 150°C) Both Types -] =] 25

Emitter Current IEBO u Adc
(VEB =4.0Vde,Ic = 0) 2N995 . eee | o] 10

Collector Saturation Voltage VCE (sat) Vdc
(Ic =10 mAdc, IB = 1.0 mAdc) 2N869 --=10.17}1
(Ic = 20 mAdc, IB = 2.0 mAdc) 2N995 -——- --=10.

Base Saturation Voltage - VBE (sat) Vde
(Ic =10 mAdc, Iy = 1.0 mAdc) 2N869 --- | 0.78] 1.0 ‘
(Ic =20 mAdc, Iy =2.0 mAdc) 2N995 -e= | ---|0.95

DC Forward-Current Transfer Ratio ‘" hpg ——
(Ic = 10 mAdc, VCg = 5.0 Vdc)  2N869 20 | ---|120
(Ic = 1.0 mAdc, Vcg = 1.0 Vdc) 2N995 25 R R
(IC 20 mAdc, VCE = 1.0 Vdc) 2N995 35 ---1140
(I¢ = 50 mAdc, VGp = 1.0 Vde)  2N995 25 | —ox|---

Open-Circuit Output Capacitance Cob pF
(Vep = 10V,Ig =0) 2N869 --- | 3.
2N995 --13

Open-Circuit Input Capacitance Cib pF
(Vgg = 0.5V,Ic = 0) Both Types -—- | 7.011

Small-Signal Forward-Current
Transfer Ratio hge -——-
(Ic=10mA, Vcg = 15V, f=100 MHz) 2N869 1.0
(IC = 10mA, Vo = 10 v, f = 100 MHz ) 2N995 1.0

w w
o o
]

]

'

(M Pulse Note: Pulse Width = 300 s, Duty Cycle = 1%
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2N869A (SILICON)

2N869A JAN/JANTX Available

MM369B

PNP SILICON ANNULAR TRANSISTORS

PNP silicon annular low-power transistor designed for medium-
speed, saturated switching applications.

® Collector-Emitter Breakdown Voltage —

BVCcEQ = 30 Vdc (Min) @ Ic = 10 mAdc — MM869B
® | ow Collector-Emitter Saturation Voltage —

VCE(sat) = 0.2 Vdc (Max) @ Ic = 30 mAdc
® Turn-On Time —

ton =10 ns (Typ) @i = 30 mAdc — MM869B

PNP SILICON
SWITCHING
TRANSISTORS

*MAXIMUM RATINGS

//

Rating Symbol 2N869A | MM869B Unit
Collector-Emitter Voltage VCEO 18 30 Vde
Collector-Base Voltage Vce 25 30  Vdc
Emitter-Base Voltage VEB 5.0 Vdc
Collector Current Ic 200 mAdc
Total Device Dissipation @ T = 25°C Pp 360 mwW

Derate above 25°C 2.1 mW/°C
Total Device Dissipation @ T¢ = 25°C Pp 1.2 Watts
Derate above 25°C 6.86 mW/°C
Operating and Storage Junction Ty, Tstg -65 to +200 oc
Temperature Range

*2N869A JEDEC Registered Data.

FIGURE 1 — SWITCHING TIME TEST CIRCUIT

Vbb =20V

Pulse Source

tr<1.0ns 100

PW > 200 ns

Zin =50 Q Vout

D.lIuF TO SAMPLING SCOPE
Vin O . 5 ! A Zin ~ 100 kQ
20k tr<10ns
100

o 0209
0230
DIA
0.178 gL L
o7es 1A

MIN
0.016
0019 “'A/ [

Pin 1. Emitter
2. Base
3. Collector

CASE 22 (1)
(TO-18)
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gNaﬁﬂA,MMSGQB (continued)

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

I N Characteristic |

Symbol ]

Typ

Unit

'OFF CHARACTERISTICS

" Collector-Emitter Sustaining Voltage(1)
(I = 10 mAdc, Ig =0) 2NBE9A
MM869B

VCEO(sus)

18

Vdc

Collector-Emitter Breakdown Voltage
{ig = 10 pAde, Vg = 0) 2N869A

BVCES

25

Vdc

Collector-Base Breakdown Voltage .
flg =10 pAde, Ig = 0} : 2N869A
' ' MM8698B

BVcBo

25
30

Vdc

" Emitter-Base Breakdown Voltage
{lg =10 uAde, Ic = 0)

BVEBO

5.0

Vde

Collector Cutoff Current
(VeE = 15 Vde, Vgg = 0)

ICES

.010

uAdc

"Collector Cutoff Current
(Vg = 16 Vdc, Ig = 0, TA = 1500C)

IcBO

25

uAdc

Base Current
(VWeg = 16 Vde, Vgg = 0)

[i:]

.010

uAdc

ON CHARACTERISTICS

"DC Cdrrent Gain(1)
(lg = 10 mAde, Vg = 0.3 Vde)
(I = 10 mAdc, VcE = 5.0 Vdc)
(Ig = 30 mAdg, Vcg = 0.5 Vdc)
{lc = 30 mAde, Vcg = 0.5 Vdc, Tp = -55°C)
{lg = 100 mAdc, Vg = 1.0 Vdc)

hrg (1)

30
40
40

25

120
120

"Collactor-Emitter Saturation Voltage
{lc =10 mAde, Ig = 1.0 mAdc)
({ic = 30 mAde, Ig = 3,0 mAdc)
{lg = 100 mAdc, Ig = 10 mAdc)

VCE (sat)

0.15
0.2
0.5

Vdc

Base-Emitter Saturation Voltage
(Ic = 10 mAdc, Ig = 1.0 mAde)
(Ic = 30 mAde, Ig = 3.0 mAdc)
(g = 100 mAdg, Ig = 10 mAdc)

VBE(sat)

0.78
0.85

0.98
1.2
1.7

~ Vdc

k SMALL@IGNAL CHARACTERISTICS

[ Current.Gain—Bandwidth Product(2)
(Ig = 10 mAde, Vg = 15 Vdc, f = 100 MHz)

MHz

Output Capacitance
(Veg = 5.0 Vde, Ig = 0, f = 140 kHz)

6.0

pF

Input Capacitance
(Vg = 0.5 Vdg, Ic = 0, f = 140 kHz)

6.0

pF

SWITCHING CHARACTERISTICS

Turn-On Time
{ig = 30 mAdc, Ig¢ = 1.6 mAde) Both Types
(g =30 mAdc, Igq = 3.0 mAdc) Mm8298

ton

50

ns

ns

Turn-Off Time ‘
{ic = 30 mAdg, Igq = Igg = 1.5 mAdc) Both Types
(i = 30 mAdc, Ig1 = 1g2 = 3.0 mAdc) MM8298

toff

60

80

ns

ns

*2N869A JEDEC Registered Data.
(1)Pylse Test: Pulse Width = <300 s, Duty Cycle <1.0%.
(2)fy is defined as the frequency at which [he| extrapolates to unity.
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aN910 siicon)
28911

0

NPN silicon annular transistors designed for small-
signal amplifier and general purpose switching appli-

cations.

CASE 22
(TO-18)

Collector connected to case

MAXIMUM RATINGS

Temperature Range

Rating Symbol Value Unit
Collector-Emitter Voltage Veeo 60 Vdc
Collector-Emitter Voltage VeER 80 Vdc
Collector-Base Voltage CB 100 Vde
Emitter-Base Voltage EB 7.0 Vdc
Total Device Dissipation @ T, = 25°C P, 0.5 Watt

Derate above 25°C ; 2,86 mW/°C
Total Device Dissipation @ T = 25°C Py 1.8 Watt
T = 100°C 0.975
Derate above 25°C 10.3 mw/°C
Operating and Storage Junction TJ, T " -65 to +200 °C
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2N910, 2N911 (Continued)

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

Characteristic j Symbol | Min I Max ] Unit
OFF CHARACTERISTICS
Collector-Emitter Sustaining Voltage* BV, * Vde
(I = 30 mAde, I = 0) CEO(sus) 60 -
Collector-Emitter Sustaining Voltage* BV, * Vde
(I. = 100 mAdc, R, = 10 ohms) CER(sus) 80 -
C BE
Collector-Base Breakdown Voltage BVCBO Vde
(IC = 100 pAdc, I = 0) 100 -
Emitter-Base Breakdown Voltage BVEBO Vdc
(IE =100 pAdc, IC =0) 7.0 -
Collector Cutoff Current ICBO
(Vog =75 Vde, I = 0) - 25 nAdc
(VCB =175 Vdec, Ig =0, ‘TA = 150°C) - 15 pAdc
Emitter Cutoff Current IEBO nAdc
(VBE =5.0 Vdc, IC =0) - 25
ON CHARACTERISTICS
DC Current Gain hFE -
(IC = 0.1 mAdc, VCE =10 Vdc) 2N910 35 -
2N911 20 -
(Ic =10 mAdc, VeE = 10 vdc) 2N910* 75 -
2N911* 35 -
(I~ =10 mAdc, V. =10 Vde, T, =-55°C) 2N910* 30 -
C CE A 2N911* 15 -
Collector-Emitter Saturation Voltage \'s Vde
(I = 10 mAdc, I, = 1.0 mAdc) CE(sat) - 0.4
(IC =50 mAdc, I3 =5.0 mAdc) - 1.2
Base-Emitter Saturation Voltage VBE (sat) Vde
(IC =10 mAdc, IB = 1.0 mAdc) 0.6 0.8 )
(IC =50 mAdc, I5=5.0 mAdc) - 0.9
SMALL-SIGNAL CHARACTERISTICS
Current-Gain—Bandwidth Product fT MHz
(IC =50 mAdec, VCE =10 Vde, f = 20 MHz) 2N910 60 -
2N911 50 -
Output Capacitance Cob pF
(Vgp = 10 Vde, I =0, f = 100 kHz) - 15
Input Capacitance Cib pF
(VBE =0.5 Vdc, Ic = 0, f = 100 kHz) - 85
Input Impedance hi e Ohms
(IC =5.0 mAdc, Veg © 5.0 Vde, f = 1.0 kHz) 2N910 - 1800
2N911 - 1000
Small-Signal Current Gain hfe -
(Ic =1.0 mAdc, VCE =5.0 Vdc, f = 1.0 kHz) 2N910 76 200
2N911 36 90
(I =5.0 mAde, Vi =5.0 Vde, f = 1.0 kHz) 2N911 40 100
Output Admittance hoe pmhos
(IC =5.0 mAdc, VCE =5.0 Vdc, f = 1.0 kHz) 2N910 - 100
2N911 - 50
Input Resistance hib Ohms
(Io = 1.0 mAdc, Vi =5.0 Vde, f=1.0kHz) 20 30
(IC =5.0 mAdc, VCB=5.OVdc, f = 1.0 kHz) 4.0 8.0
Voltage Feedback Ratio hoy X 10-4
(Ic = 1.0 mAdc, Vi =5.0 Vde, = 1.0 kHz) 2N910 - 3.0
2N911 - 1.25
(Ic =5.0 mAdc, VCB =5.0 Vde, f = 1.0 kHz) 2N911 - 1.75
Output Conductance hob umho
(Ig = 1.0 mAde, Vo =5.0Vde, f = 1.0 kHz). - 0.5
(Ic =5.0 mAdc, VCB =5.0 Vdc, f = 1.0 kHz) - 1.0
Noise Figure NF dB
(I~ =0.3 mAde, V., = 10 Vdc, R, = 510 ohms, 2N910 - 12
¢ CcB G 2N911 - 15
f = 1.0 kHz, B. W. =200 Hz)

* Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%.
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2n914 (siucon)
2N914 JAN, JTX Available

©

CASE 22
(T0-18)

Collector connected
to case

NPN silicon annular transistor for high-speed switch-

ing applications.

MAXIMUM RATINGS

Rating Symbol Value Unit
*Collector-Emitter Voltage VCEO 15 Vdc
*Collector-Emitter Voltage VCER Vde
(RBE < 10 ohms) 20
*Collector-Base Voltage VCB 40 Vdc
*Emitter-Base Voltage Ves 5.0 Vdc
Collector Current (Note 1) Io 150 mAdc
*Total Device Dissipation @ Ty = 25°C Py 360 mW
Derate above 25°C 2.06 mW,/°C
*Total Device Dissipation @ TC = 25°C Py 1.2 Watts
Derate above 25°C 6.9 mw/°C
*Total Device Dissipation @ T, = 100°C Py 0.68 Watt
*Operating Junction Temperature Range T 3 200 oc
*Storage Temperature Range stg -65 to +200 °c

*Indicates JEDEC Registered Data.
Note 1: Limited by Power Dissipation

CHARGE STORAGE TIME CONSTANT TEST CIRCUIT

+5v

INPUT PULSE

Rise Time =1 ns
500 Source Impedance

0.1,F

215 o1 K

OUTPUT TO
SAMPLING OSCILLOSCOPE
Rise Time <'1 ns

50Q Input Impedance

200
PW =200ns

= +v

2-117

t., and t, TEST CIRCUIT

+uv_r_—l_
0
INPUT PULSE

Rise Time = 1 ns
50Q Source Impedance

0.1 4F

+5v

200 1K

0.1,F
OUTPUT TO
SAMPLING OSCILLOSCOPE
Rise Time = 1 ns
500 Input Impedance
PW =200 ns
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2N914 (continued)
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.)

Characteristic Symbol Min Max Unit

OFF CHARACTERISTICS

*Collector-Emitter Sustaining Voltage (Note 1)

BV
(I = 30 mAdc, I = 0) CEO(sus) | 45 -

Vde

*Collector-Emitter Sustaining Voltage (Note 1) BV Vdc
(I = 30 mAdc, Rpp € 10 ohms) CER(sus) 20 -

*Collector-Base Breakdown Voltage BVipo Vvdc
(IC =1.0 pAdc, ]E =0) 40 -

*Emitter -Base Breakdown Voltage BV

Vde
(I = 10uAdc, 1, = 0) EBO 5.0 -

*Collector Cutoff Current 1

Adc
= = - 0 CEX _ H
(VCE = 20 Vdc, vEB(off) =0.25 Vdc, T, = 125°C) 10

*Collector Cutoff Current 1

uAdc
(Ve = 20 Vde, I, = 0) CBO - 0.025

= = = 0 -
(VCB = 20 Vdc, IE =0, TA = 150°C) ) 15

Emitter Cutoff Current 1

Adc
- - EBO “
(Vgg = 4.0Vde, 1, =0) - 0.1

ON CHARACTERISTICS

DC Current Gain (Note 1) hFE -
*(IC = 10 mAdc, Ve = 1.0 Vdc) 30 120

- = = -550 -
(IC = 10 mAdc, VCE =1.0 Vdc, TA = -550C) 12

*(IC = 500 mAdc, = 5.0 Vdc) 10 -

VcE

Collector-Emitter Saturation Voltage (Note 1) Veg 9 vdc
*(I, = 200 mAde, I = 20 mAdc) (sa - 0.70

(I = 10mAdc, I, =1.0 thru 20 mAdc, T, = -55 to +125°C) - 0.25

*Base-Emitter Saturation Voltage VBE( t) Vdc
(I = 10 mAde, 15 =1.0 mAdc) sa 0.70 0,80

DYNAMIC CHARACTERISTICS

fCurrent-Gain — Bandwidth Product fr MHz
(IC = 20 mAdc, VCE =10 Vdc, f = 100 MHz) 300 -

Output Capacitance C

- - _ ob
(VCB =10 vdc, IE =0,f=1.0 MHz) - 6.0

pF

Input Capacitance C

: pF
(Vgg = 0.5 Vdc, 1, =0, £ = 1.0 MHz) ib . 9.0

*Charge Storage Time Constant (Note 2)

ns
(IC = I]31 = IB2 = 20 mAdc) - 20

ol

Turn-On Time (Note 2)

ns
(IC = 200 mAdc, IBl = 40 mAdc, I

. t
_ on
B2 = 20 mAdec) ) - 40

Turn-Off Time (Note 2) t it ns
(I = 200 mAde, Iy, =40 mAde, Ig, = 20 mAdc) o - 40

Note 1: Pulse Test: Pulse Width = 300 us, Duty Cycle <1.0%.
Note 2: Measured on Sampling Scope: Pulse Width = 200 ns.
*Indicates JEDEC Registered Data.
tJEDEC Registration Defined as hye.
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2915 (siucon)

NPN silicon annular transistor for high-frequency

CASE 22 amplifier, oscillator and switching applications.

(TO-18)

Collector connected to case

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Base Voltage VCB 70 - Vdc
Collector-Emitter Voltage VCEO 50 ch
Emitter-Base Voltage vEB 5.0 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 0.36 w
Derating Factor Above 25°C 2. 06 mW/°C
Junction Temperature, T 3 +200 °c
Operating
Storage Temperature Range Tstg -65 to + 200 °c
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2N915 (continued)

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

Characteristic Symbol Min Max Unit
Collector Cutoff Current ICBO 10 nA
IE =0 VCB = 60V
Collector Cutoff Current @ 150°C I 30 uA
I,=0 V= 60V CcBO
E CB
Collector Breakdown Voltage BV 70 Volts
I.=100pA I =0 CBO
C ® E
Collector to Emitter Sustaining Voltage \ 50 Volts
- CEO
I.=10mA I, =0
C B
Emitter Breakdown Voltage BVEBO 5.0 Volts
I.=0 I, =100uA
C E
Base Saturation Voltage v 0.9 Volts
Ic = 10mA Ig =1L OmA BE(sat)
Collector Saturation Voltage V, 1.0 Volts
I, = 10mA Iy = 1.0mA CE(sat)
DC Pulse Current Gain . hFE 50 200
IC = 10mA VCE = 5.0V
Output Capacitance C ob 3.5 pF
IE =0 VCB = 10V
Emitter Transition Capacitance C 10 pF
I.=0 V__ =05V TE
C EB :
High Frequency Current Gain f = 100 MHz hfe 2.5
IC = 10mA VCE = 15V
Small Signal Current Gain {f = 1kHz hfe 40 200
IC = 1. 0mA VCE = 5.0V
Ic = 5.0mA VCE = 5.0V 50 250
Input Resistance f = 1kHz hie 6000 ohms
IC = 1, 0mA VeE 5.0V
IC = 5.0mA VCE = 5.0V 2000 ohms
Output Conductance f = 1kHz hoe 75 umho
IC = 1, 0mA Veg = 5.0V
IC = 5.0mA VCE = 5.0V 125 umho

() pylse Test: PW =300 ps, Duty Cycle <1.0%
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2N916 (siucon)
2N916 JAN Available

CASE 22
(TO-18)

Collector
connected to case

MAXIMUM RATINGS

NPN silicon annular transistor for high-frequency
amplifier, oscillator and switching applications.

Rating Symbol Value Unit
Collector -Base Voltage VC B 45 Vde
Collector -Emitter Voltage VC EO 25 Vde
Emitter-Base Voltage VEB 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 Ty +200 °C
Storage Temperature Range Tstr' -65 to +300 °C
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)
Characteristic Symbol Min Max Unit
Collector Cutoff Current I 10 nAdc
IE =0 \" =30V CBO
CB
Collector Cutoff Current @50° C ICBO 10 wAdc
I.=0 v =30V
E CB
Collector Breakdown Voltage BVCBO 45 Vdc
I.=10uA I_=0
C E
Collector to Emitter Sustaining Voltage (1 VCEO 25 Vde
IC =30mA I_=0
B
Emitter Breakdown Voltage BVEB o 5.0 Vdc
I.=0 I =10 pA
C E
Base Saturation Voltage v 0.9 Vde
Io=10mA I_=1.0mA BE(sat)
B
Collector Saturation Voltage A% 0.5 Vdce
Io = 10mA I =1.0mA CE(sat
B
DC Pulse Current Gain (" hep 50 200 -
IC =10mA VCE =1.0V
Output Capacitance Cob 6.0 pF
IE =0 VCB =5.0V
Emitter Transition Capacitance C TE 10 pF
Io= 0 VEB = 0.5V
High Frequency Current Gain f = 100 MHz hte 3.0 -
IC =10mA VCE =15V
Small Signal Current Gain f = 1 kHz hfe 40 200
IC =1.0mA VCE =5.0V - »so
IC =5.0mA VeE = 5.0V
Input Resistance f = 1 kHz ie 6000 ohms
lC =1.0mA VCE =5.0V
IC =5.0mA VCE =5.0V 2000 ohms
Output Conductance f = 1 kHz hoe 75 umho
IC =1.0mA VCE = 5.0V
IC = 5.0mA VCE =5.0V 125 umho

(1) Pulse Test: Pulse Width = 300 ps, Duty Cycle:1.0%
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2N9] 8 (SILICON)

2N918JAN, JTX AVAILABLE

NPN SILICON
NPN SILICON ANNULAR TRANSISTORS AMPLIFIER
TRANSISTORS
... designed for use in VHF and UHF amplifier, mixer and oscillator
applications.
® High Current-Gain — Bandwidth Product —
fT = 600 MHz (Min) @ f = 100 MHz
® | ow Output Capacitance —
Cob = 1.7 pF (Max) @ Vcg = 10 Vdc
® Collector-Emitter Sustaining Voltage —
VCEO(sus) = 15 Vdc (Min) @ Ic = 3.0 mAdc
0.209
® JAN/JANTX Also Available o
) o, ] DA |
0.195 "
0170
0.210
*MAXIMUM RATINGS
0500
Rating Symbol Value Unit 0016 0,0 4 N
Collector-Emitter Voltage VCeo 15 Vdc 0013
Collector-Base Voltage Ves 30 Vdc
Emitter-Base Voltage VEB 3.0 Vdc 0050~ =
Collector Current — Continuous ic 50 mAdc ) ~ | {0100
Total Device Dissipation @ T4 = 25°C Pp 200 mw A
Derate above 25°C 1.14 mW/°C - 3. Collector
4. Case Lead
Total Device Dissipation @ T = 25°C Pp 300 mwW
Derate above 25°C 1.71 mW/°C b
Operating and Storage Junction - Ty, Tsty -65 to +200 oc
Temperature Range - 8 Tg’;fi:g'((féE

To convert inches to millimeters multiply by 25.4.

*Indicates JEDEC Registered Data
) All JEDEC TO-72 dimensions and notes apply.

FIGURE 1 — NEUTRALIZED 200 MHz POWER AMPLIFIER GAIN FIGURE 2 — 500 MHz OSCILLATOR TEST CIRCUIT

TEST CIRCUIT

Ci: 3.0-12pF

€2: 1.5-1.5 pF

L1: 3 1/2 turns #16 AWG 5/16”
1D, 7/18” length, turns ratio
-2t01

CIRCUIT COMPONENT INFORMATION:

£2: 0.4-0.65 uH Miller #4303 {or
equal)

L3: 8 turns #16 AWG 1/8” 1D,
7/8" length, turns ratio — 8
tol

*External intérlead shield to isolate collector lead from emitter and base leads.

11/4" length
L2: 9 turns #22 AWG, 3/16" 0D,
2" length
Capacitance values are in pF.
Double Stub Tuner consists of the
following commercially available
components,

vkl 1000 pF L2 50
—,_’2‘7!‘" ¢ ’ LEAD 4 (SE) ouTRUT
* FLOATING - T~
FROM 50 ?I aécz L3 1Ay . v
SOQURCE S~o % DOUBLE
~- 500 MHz L1 STUB
g 1 = iy 16— TUNER
7 K ¢ 10500 Ay 1
S 0014 | 001pF DETECTOR 1000 1000 500 MHz
10g 200 MHz 22k RFC
AAA iTa RFC -VEE = +Vee = =
10K 5
< : 0.05uF L CIRCUIT COMPONENT INFORMATION:
-VEE +Vee L1: 2 wrns #16 AWG, 3/8” 0D, 2 GR Type 874 TEE

1GR Type 874-D20 Adjustable
Stub
1GR Type 874-LA Adjustable

Line
1GR Type 874-WN3 Short-
Circuit Termination

(or equivalents)

2-122




2N918 (continued)

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

l Characteristic

I Symbolj

Min

Unit

OFF CHARACTERISTICS

Collector-Emitter Sustaining Voltage
(g =3.0mAdc, ig=0)

VCEO(sus)

Vdc

Collector-Base Breakdown Voltage
(lg= 1.0 ¢Adc, Ig = 0)

BVcBO

30

Vdc

Emitter-Base Breakdown Voltage
(Ig = 10 uAdc, Ic = 0)

BVEBO

3.0

Vdc

Collector Cutoff Current
(Vcg =15 Vdc, Ig = 0)
(Vgg = 15 Vdc, Ig = 0, Ta = 150°C)

Iceo

.010
1.0

uAdc
uAdc

ON CHARACTERISTICS

DC Current Gain
(Ic = 3.0 mAdc, Vg = 1.0 Vdc)

hrg

20

Collector-Emitter Saturation Voltage
(Ic =10 mAdc, I1g = 1.0 mAdc)

VCE(sat)

0.4

Vdc

Base-Emitter Saturation Voltage
(Ic = 10 mAdc, 1g = 1.0 mAdc)

VBE(sat)

Vdc

DYNAMIC CHARACTERISTICS

Current-Gain — Bandwidth Product (1)

“»C = 4.0 mAdc, Vcg = 10 Vdc, f = 100 MHz)

600

MHz

Output Capacitance
(Ve = 10 Vdg, Ig = 0, f = 140 kHz)
(Ve =0, 1g =0, f= 140 kHz)

1.7

pF

Input Capacitance
(VEg = 0.5 Vdc, Ic =0, f= 140 kHz)

2.0

pF

Noise Figure

(Ic = 1.0 mAdc, VcEg = 6.0 Vdc, Rg = 400 Ohms, f = 60 MHz)

6.0

dB

FUNCTIONAL TEST

Ampilifier Power Gain (Figure 1)

(Veg = 12 Vde, I¢ = 6.0 mAdc, f = 200 MHz)

dB

Power Output (Figure 2)

(Vg = 15 Vdc, I = 8.0 mAdc, f = 500 MHz)

30

mwW

Collector Efficiency (Figure 2)

(Vcg = 15 Vdc, Ic = 8.0 mAdc, f = 500 MHz)

25

*Indicates JEDEC Registered Data.

(1)fr is defined as the frequency at which |hfe| extrapolates to unity.
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an929, A (siLicon)
2n930, A

2N929 JAN AVAILABLE
2N930 JAN AVAILABLE

NPN silicon annular transistors for low-level, low-
noise amplifier applications.

CASE 22
(10-18)

Collector connected to case

MAXIMUM RATINGS

. 2N929 | 2N929A .
Rating Symbol | ovoso | anozon | Unit
Collector-Emitter Voltage VCE o 45 60 Vdc
Collector-Base Voltage VCB 45 60 Vdc
Emitter-Base Voltage VEB 5.0 6.0 Vdc
Collector Current IC 30 mAdc
Total Device Dissipation @ T, = 25°C Py 0.5 w
Derate above 25°C 3.33 mWw/°C
Total Device Dissipation @ Tq = 25°C Py 1.8 Watt
Derate above 25°C 12 mW/°C
Operating Junction Temperature Range T; -65to + 175 °C
Storage Temperature Range Tstg -65 to +200 °C
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2N929, A, 2N930, A (continued)

ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)

| Characteristic ] Symbol Min Max Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage m BVCEO Vde
(IC = 10 mAdc, IB =0) 45 -
Collector-Base Breakdown Voltage BVCBO Vde
(Ic =10 pAdc, lE =0) 2N929A, 2N930A 60 -
Emitter-Base Breakdown Voltage BVEBO Vde
(IE = 10 pAdc, IC =0) 2N929, 2N930 5.0 -
2N929A, 2N930A 6.0 -
Collector Cutoff Current ICEO nAdc
(VCE =5.0 Vdc, IB=0) - 2.0
Collector Cutoff Current ICES
(VCE =45 Vdc, vBE =0) 2N929, 2N930 - 10 nAdc
2N929A, 2N930A - 2.0
(VCE =45 Vdc, VBE =0, TA =170°C) 2N929, 2N930 - 10 HAde
2N929A, 2N930A - 2.0
Collector Cutoff Current ICBO nAdc
(VCB =45 Vdc, IE =0) 2N929, 2N930 - 10
2N929A, 2N930A - 2.0
Emitter Cutoff Current IEBO nAdc
(VBE =5.0 Vde, IC =0) 2N929, 2N930 - 10
2N929A, 2N930A - 2.0
ON CHARACTERISTICS
DC Current Gain hFE -
(IC = 1.0 pAdc, VCE =5.0 Vdc) 2N929A 25 -
2N930A 60 -
(lc =10 pAdc, vCE =5.0 Vdc) 2N929, 2N929A 40 120
2N930, 2N930A 100 300
(I~ =10 pAde, V., =5.0 Vde, T, = -55°C) 2N929 10 -
¢ CE A 2N920A 15 -
2N930 20 -
2N930A 30 -
(IC =500 pAdc, VCE =5.0 Vdc) 2N929, 2N929A 60 -
2N930, 2N930A 150 -
(IC = 10 mAdec, VCE =5.0Vdc) (1) 2N929, 2N929A - 350
2N930, 2N930A - 600
Collector-Emitter Saturation Voltage (1 vCE(sat) Vde
(IC =10 mAdc, Ig= 0.5 mAdc) 2N929, 2N930 - 1.0
2N929A, 2N930A - 0.5
Base-Emitter Saturation Voltage (1 VBE(sat) Vde
(IC =10 mAdc, lB =0.5 mAdc) 2N929, 2N930 0.6 1.0
2N929A, 2N930A
SMALL-SIGNAL CHARACTERISTICS
Current-Gain—Bandwidth Product fT MHz
(Ic =500 pAdc, VCE =5.0 Vde, f = 30 MHz)
2N929, 2N930 30 -
2N929A, 2N930A 45 -
Output Capacitance C ob pF
(VCB =5.0 Vde, IE =0, f = 1.0 MHz) 2N929, 2N930 - 8.0
2N929A, 2N930A - 6.0
Input Impedance hib ohms
(IE = 1.0 mAdc, VCB =5.0Vde, f = 1.0 kHz) 25 32
Voltage Feedback Ratio hy X 10-6
(Ig = 1.0 mAde, Vo =5.0Vde, f=1.0kHz) - 600
Small-Signal Current Gain hfe -
(Ic = 1.0 mAdc, VCE =5.0 Vdc, f = 1.0 kHz)
2N929, 2N929A 60 350
2N930, 2N930A 150 600
Output Admittance hob umho
(IE = 1.0 mAdc, VCB=5‘OVdC’ f = 1.0 kHz) - 1.0
Noise Figure NF dB
(IC = 10 pAdc, vCE =5.0 Vdc, 2N929, 2N929A - 4.0
2N930, 2N930A - 3.0

RS = 10 k ohms, f = 10 Hz to 15.7 kHz)

(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%.
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2n956

For Specifications, See 2N718A Data,

2N960 (GermANIUM)

2n961
2n962

2N962JAN AVAILABLE
2N964
2N964JAN AVAILABLE
2N965

2N966 @

PNP germanium epitaxial mesa transistors for high-
speed switching applications.

CASE 22
(TO-18)
Collector connected to case

MAXIMUM RATINGS

Characteristic Symb 2N960 | 2N961 | 2N962 .
aracteris ymbol | onoss | 2N965 | 2N9es | Unit
Collector -Emitter Voltage VCE 15 12 12 Vdc
Collector -Base Voltage VCB 15 12 12 Vdc
Emitter-Base Voltage VEB 2.5 2.0 1.95 Vdc
Total Device Dissipation @ T A” 25°¢ PD 150 mW
Derate above 25°C 2.0 mw/°c
Total Device Dissipation @ T, = 25°¢C Py 300 mwW
Derate above 25°C 4.0 mw/°C
Operating and Storage Junction TJ, Tst °c
Temperature Range g -65 to +100
NORMALIZED D C CURRENT TRANSFER RATIO CURRENT GAIN-BANDWIDTH PRODUCT (f-)
versus COLLECTOR CURRENT versus COLLECTOR CURRENT
o 20 500
5 I r] = o V]. :ll \lldc'
= :: +85°c_TH] - Ay S w00 L1 N~
Z ’ P adl 5 L1 11 \\
g0 1.25° 1 : L1 ™ N,
= 08 < 1 & 300 /j Y
£ 06 // — ~T55I°C g Ves = oswc\\
2 o =
g - Vee = 1Vde 2 T, = 25%¢
S 03 =
g // ; 100
2 02 E
<0.15 1 2 5 10 20 50 100 j: 0 2 5 10 20 50 100
lc, COLLECTOR CURRENT (mAdc) Ic, COLLECTOR CURRENT (mAdc)
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2N960 SERIES (continued)

COLLECTOR-EMITTER SATURATION VOLTAGE

STORAGE TIME versus CIRCUIT RATIO versus AMBIENT TEMPERATURE

@
3 04
40 gV
2 —— 2N964, 2N965, 2N966
— £ |- - = 2N960, 2N961, 2N962 <z
g =1 Ic h=10 — L
z > o ]
g 2 03 —
o
z e ——————— (=3 r
g, 50 mAdc 2 11, 50 macc 1=
w20 S o2 > el
= lc = 10 mAdc & A P wl=
5 T, =25°C = e 10 mAdc
\ =
< _ a—
g w_|.._4|., EOI I -—_—__._
2 R =100Q s
E]
Re=1KQ § lc = 2 mAdc
o 10 15 20 fo L
L 75 50 —25 0 425 450 +75 +100

i/, CIRCUIT CURRENT RATIO

Ta AMBIENT TEMPERATURE (°C)

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

Characteristic Symbol | Min | Typ ! Max | Unit
Collector-Base Breakdown Voltage BVCBO Vde
(Ic = 100 pAdc, IE = 0) 2N960, 2N964 15 25 -
2N961, 2N962, 2N965, 2N966 12 20 -
Emitter-Base Breakdown Voltage BVEBO Vde
(IE = 100 pAdc, IC = 0) 2N960, 2N964 2.5 - -
2N961, 2N965 2.0 - -
2N962,2N966 1.25 - -
Collector -Latch-up Voltage LVCEX Vde
VCC = 11.5 Vde 11.5 - -
Collector -Emitter Cutoff Current ICES nAde
(VCE = 15 vde) 2N960, 2N964 - - 100
(VCE = 12 Vdc) 2N961, 2N962, 2N965, 2N966 - - 100
Collector-Base Cutoff Current ICBO nAde
(Vg = 6 Vde, I = 0) - |o0.4] 3.0
DC Current Gain hFE -
(Ic = 10 mAdc, VCE = 0.3 Vdc) 2N960, 2N961, 2N962 20 40 -
2N964, 2N965, 2N9 66 40 70 -
(IC = 50 mAdc, VCE =1 Vde) 2N960, 2N961, 2N962 20 55 -
2N964, 2N965, 2N966 40 90 -
(Ic = 100 mAdc, VCE = 1Vdc) 2N960, 2N961, 2N962 20 50 -
2N964, 2N965, 2N966 40 85 -
Collector-Emitter Saturation Voltage VCE( sat) Vde
(I = 10 mAde, Ig = 1 mAdc) 2N964, 2N965, 2N966 - |o.11]0.18
2N960, 2N961, 2N962 - 10.13{0.20
(IC = 50 mAdc, IB = 5 mAdc) 2N964, 2N965, 2N9 66 - 10.18(0.35
2N960, 2N961, 2N962 - 10.20(0.40
(IC = 100 mAdc, IB = 10 mAdc) 2N964, 2N965, 2N966 - 10.27(0.60
2N960, 2N961, 2N9 62 - 10.30]0.70
Base-Emitter Saturation Voltage VBE( sat) Vde |
(IC = 10 mAdc, IB = 1 mAdc) All Types 0.30| 0.40| 0.50
(IC = 50 mAdc, IB = 5 mAdc) All Types 0.40{ 0.55] 0.75
(Ic = 100 mAdc, IB = 10 mAdc) 2N960, 2N961, 2N964, 2N965 0.40{ 0.65| 1.00
2N962,2N966 0.4010.75] 1.25
Current-Gain — Bandwidth Product fT MHz
(IE = 20 mAdc, VCB = 1.0 Vdec, f = 100 MHz) 300 | 460 -

2—-127




2N960 SERIES (continued)
ELECTRICAL CHARACTERISTICS (continued)

Characteristic Symbol | Min | Typ | Max | Unit
Output Capacitance ~ | Cop pF
(VcB = 10 Vde, IE =0, f = 1 MHz) - 2.2 4.0
Emitter Transition Capacitance c‘I‘e pF
(VEB = 1 Vdc) - 2.0 | 3.5
Turn-On Time Al Types ton ns
(IC = 10 mAdc, IBl =5 mAde, VBE(off) = 1.25 Vdc) ) - 35 50
(IC = 100 mAdc, IBl = 5 mAdc, VBE(off) = 1.25 vdc) - 30 50
Turn-Off Time toff ns
(Ic = 10 mAdc, IB1= 1mAdc, IB2 = 0.25 mAdc)
) 2N960, 2N961, 2N964, 2N965 - 60 85
2N962, 2N966 - 80 100
(IC = 100 mAdc, Ig = 5 mAdc, I132 = 1.25 mAdc)
2N960, 2N961, 2N964, 2N965 - 50 85
2N962, 2N966 - 60 100
Rise Time Constant RE - 0.6 - ns
Hole Storage Factor ‘K'g - 16 - ns
Fall Time Constant TFE - 0.5 - ns
Total Control Charge ) Qr pC
(Ic = 10 mAdec, IB = 1 mAdc) 2N960, 2N961, 2N964, 2N965 - 50 80
2N962,2N966 -, 60 90
(I = 100 mAde, I = 5 mAdc) 2N960, 2N961, 2N964, 2N965 - | 80 | 125
2N962, 2N966 - 100 | 150
2N963 (GERMANIUM)
2N967
@ PNP germanium epitaxial mesa transistors for high-
speed switching applications.
CASE 22 P & arp
(TO-18)
Collector

connected to case

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage ‘ VCES 12 Vde
Collector-Base Voltage VCB 12 Vde
Total Device Dissipation @T, = 25°C P, 150 mW
Derate above 25°C 2.0 mw/°C
Total Device Dissipation @T = 25°C P, 300 mwW
Derate above 25°C 4.0 mw/°C
Operating and Storage Junction T J,T stg °c
Temperature Range 100
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2N963, 2N967 (continued)

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

Characteristic Symbol | Min| Max Unit
Collector-Base Breakdown Voltage BVCBO Vdc
(Ic = 100 pAde, IE = 0) 12 -
Emitter-Base Breakdown Voltage BVEBO Vde
(IE = 100 pAdc, Ic = 0) 2.0 -
Collector-Latch-up Voltage LVCEX Vde
(Vcc = 10 Vdc) 10 -
Collector Cutoff Current ICES 1Ade
(VCE = 12 Vde, vBE = 0) - 100
Collector Cutoff Current o ICEX uAdc
(VCE = 10 Vdc, VBE = 0.3 Vdc, TA = 55°C) - 20
Collector Cutoff Current I pAde
(Vop = 6 Vde, I = 0) CBO - 5.0
Emitter Cutoff Current IEBO mAdc
(Vgg = 5 Vde, 1, = 0) - 1.0
Base Cutoff Current o IBL pAde
(VCE = 10 Vdc, VBE = 0.3 Vdc, TA = 55°C) - 20
DC Current Gain hFE -
(IC = 10 mAdec, VCE = 0.3 Vde) 2N963 20 -
2N967 40 -
Collector Saturation Voltage VCE(sat) Vde
(Ic=10mAdc,IB=1mAdc - 0.2
Base-Emitter Saturation Voltage VBE( sat) Vdc
(Ic = 10 mAdec, IB = 1 mAdc) 0.3 0.5
Current-Gain — Bandwidth Product fT MHz
(Ic = 20 mAdc, VCE = 1%Vde, f= 100 MHz) 300 -
Output Capacitance C ob pF
(VCB= 5 Vde, IE=0,f=1MHz) - 5.0
Input Capacitance Cib pF
(VBE= 1 vdc, Ic = 0, f = 100 kHz) - 4.0
Turn-On Time t on ns
(Ic = 10 mAdc, IBl = 1 mAde, vBE(oif) = 1.25 Vde) - 60
Turn-Off Time toff ns
(I~ = 10 mAdc, = 1 mAde, L = 1.25 mAdc) - 120
C 1 B2
Total Control Charge QT pC
(Ic = 10 mAdc, I = 1 mAdc) - 120
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2N963, 2N967 (continued)

- COLLECTOR-EMITTER SATURATION VOLTAGE VOLTAGE versus TEMPERATURE CHARACTERISTICS
= versus BASE CURRENT
g
& 10 T T T
<o
= 07 Vye — BASE-EMITTER VOLTAGEI
=4 T, P 08 4 — =t= Veepuy — COLLECTOREMITTER =t
g 06 SATURATION VOLTAGE
E w —
é: 05 \\ - g 06
B NN |50 mad g ~—
& 04 ~ 04 "
3 B ——
5 03 10 mAdc
& - L 0.2
S =t | ===
5 02 1 _4--
E Ic = 2 mAdc 1=-—1"""
S 0.1 J B
< ol 02 0304 06.0810 2 3 4 56 —75 50 25
5 15, BASE CURRENT (mAdc) T, AMBIENT TEMPERATURE (°C)
>
COLLECTOR LATCH-UP VOLTAGE TEST CIRCUIT 10-mA (Ic) SWITCHING TIME TEST CIRCUIT
TYPE R SAMPLING
TEKTRONIX 541 RESISTOR
OR EQUIVALENT 2800 200 —3.1vde
+0.3 vde 5000 INPUT SIGNAL
0—--
4900 +1.25vde 48K o = —10 mAdc
0-F- Iy 1 mAde
—2.5 Vdc 2009 fa = +0.25 mAdc
L PULSE VOLTS Vae (0) = +1.25 Vdc .
T Vee=-10Vde —5.4 Vde INTERNAL RESISTANCE T
L .TEKTRONIX TYPE 581 SCOPE
= OR EQUIVALENT
BASE AND COLLECTOR CUTOFF CURRENT TEST CIRCUIT 10-mA (Ic) TOTAL CONTROL CHARGE TEST CIRCUIT
*Adjust Vg, for —5.4 volt pulse at point A
24 pF ~3.1Vde
*Va 1000 A*
100 +0.3vde
H, Rel
U 2 _{ i —0.18Vde ©
—54vdc L L 4 10% N %%
atpointA = = Pl N
I
l; - 20mv
ns
MAX A +v
NORMALIZED DC CURRENT TRANSFER RATIO CURRENT GAIN-BANDWIDTH PRODUCT (fr)
versus COLLECTOR CURRENT versus COLLECTOR CURRENT
°o g
5 20 T n 2 500 T
= 15 1 ] = 1] Ves =1 Vdc
% 12 4 85°C < S 400 = B S
z - — =
g 1.0 5 25° e LT 1L HT N
= 0.8 — = — 5 100 1
oo =z —
€ 06 9°c S S Ves = 0.5 Vdc <;1
3 = =
© 04 = ad Z 200
a v » g
2 o3 = Ta = 25°C
e Vee = 1Vde g 10 —
= T. = —=55°C ce =
I // 1 N g
g2 [T T 3, ,
ERN! 2 5 10 20 50 2 5 10 20 50
Ic, COLLECTOR CURRENT (mAdc) I, COLLECTOR CURRENT (mAdc)
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2n964 (GermaNIUM)
For Specifications, See 2N960 Data,

2N964A (GermANIUM)

PNP germanium epitaxial mesa transistor for high-
speed switching applications.

CASE 22
(TO-18)
Collector Connected to Case

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 7.0 Vdc
Collector-Base Voltage VCB 15 vde
Emitter-Base Voltage VEB 2.5 Vdc
Collector Current IC 100 mAdc
Total Device Dissipation @ T, = 25°C Py 150 mwW
Derate above 25°C 2.0 mw/° C
Total Device Dissipation @ T = 25°C P, 300 mW
Derate above 25°C 4.0 mW/O C
Operating and Storage Junction o
Temperature Range T J,Tstg -65 to +100 C
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case 85 0.25 Oc/mw
Thermal Resistance, Case to Ambient oca 0.5 Oc/mw
FIGURE 1 FIGURE 2
2802 20 -3.1vdc 48 Q 20 5.2 Vdc
INPUT SIGNAL TYPE R SAMPLING INPUT SIGNAL TYPE R SAMPLING

+1.25 Vde RESISTOR +125Vde RESISTOR
NOTE: NOTE:
0-p- l. = —10 mAdc 0-|--4- I = --100 mAdc
200 Iy = —1 mAdc 100 lyy = -5 mAdc
PULSE VOLTS lny = +0.25 mAdc PULSE VOLTS I = +1.25 mAdc
—5.4 vde INTERNAL RESISTANCE Vor = +1.25 Vdc 57 Vde INTERNAL RESISTANCE Vor == +1.25 Vde
USE TEKTRONIX TYPE “R” USE TEKTRONIX TYPE “R"
. PLUG-IN -1 PLUG-IN
= TEKTRONIX TYPE 581 SCOPE ~ TEKTRONIX TYPE 581 SCOPE
OR EQUIVALENT OR EQUIVALENT
10-mA (1) SWITCHING TIME TEST CIRCUIT 100-mA (1) SWITCHING TIME TEST CIRCUIT
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2N964A (continued)
ELECTRICAL CHARACTERISTICS (Tp =25°C unless otherwise noted)

Characteristic | Fig. 1 Symbol [ Min [ Typ —I Max ] Unit ]
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage BvCEO Vde
(IC=10 mAdc, IB=0) 7.0 - -
Collector-Base Breakdown Voltage BVCBO Vde
(Ic~ =100 pAde, Ig = 0) 15 25 -
Emitter-Base Breakdown Voltage BVpno Vac
(IE = 100 pAde, Io= 0) 2.5 - -
Collector Latch-up Voltage 3 LVCEX 11.5 - - Vde
Collector-Emitter Cutoff Current b pAdc
Vo, = 15 Vde, Vi, = 0) CES - - 100
CE ~ ’ 'BE ~ ’
Collector Cutoff Current ICBO p#Adc
(VCB=6Vdc, Ig =0) - 0.4 3.0
Base Leakage Current 4 IBL pAdc
(Vo = 6 Vde, Vg gy = 0.5 Vde) o . i “0
(VCE =6 Vdc, VBE(off) =0,5 Vde, TJ =85 C) - 50 140
ON CHARACTERISTICS
DC Current Gain 8 hFE
(IC =10 mAde, VCE = 0.3 Vdc) 40 80 -
- = - O, -
(IC =10 mAdc, Vog = 0.3 Vde, Ty = 55-C) 20 45
(Ic =50 mAde, Veg =1 Vdce) 48 105 -
(IC =100 mAdec, VCE =1 Vde) 40 95 -
- = = O, -
(IC =100 mAdc, YCE =1 Vde, Ty = 85°C) 35 85
Collector Saturation Voltage 5 VCE( at) Vdc
(I = 10 mAde, I = 1 mAde) 8 - 0.1 0.18
(IC = 50 mAde, IB =5 mAdc) - 0.16 0.28
(IC =100 mAde, Iy = 10 mAdc) - 0.22 0.4
Base-Emitter Saturation Voltage 6 VBE (sat) Vde
(Ic =10 mAdc, IB =1 mAdc) 0.3 0.38 0.44
(IC =50 mAdec, IB = 5 mAdc) 0.4 0.48 0.58
(Ic =100 mAde, IB =10 mAdc) 0.4 0.6 0.72
DYNAMIC CHARACTERISTICS
Current-Gain — Bandwidth Product fT MHz
g = 20 mAde, Vo = 1Vde, £ =100 MHz) 300 460 -
High-Frequency Current Gain h‘ -
(IC = 20 mAdc, vCE = 1 Vdc,f = 100 MHz) e 3.0 4.6 -
Output Capacitance 11 C ob pF
(VCB=1Vdc, IE=0,f=1MHz) - 2.7 5.0
(Vop =10 Vde, 1 =0, £ = 1 MHz) - 2.2 4.0
Input Capacitance 11 Cib pF
(Vgg =1 Vde, I =0, £ = 100 kHz) - 2.0 3.5
Delay Time Plus Rise Time td + tr ns
(IC = 10 mAdc) 1 - 35 50
(IC = 100 mAdc) 2 - 30 50
Storage Time Plus Fall Time ts +te ns
(Ic = 10 mAdc) 1 - 60 85
(Ic = 100 mAdc) 2 - 50 85
Active Region Time Constant 9 U\ ns
(Ic = 10 mAdc) - 0.6 1.5
Total Control Charge 10 Q pC
c = 10 mAdc, IB = 1 mAdc) - 50 v6]
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2N964A (continued)

2N964A LIMIT CURVES

FIGURE 3—AREA OF PERMISSIBLE LOAD LOCI

100
80 \
COLLECTOR LATCH-UP VOLTAGE TEST CIRCUIT
+0.3 vdc
TEKTRONIX 541
\ 03-- OR EQUIVALENT
:‘f — 2.5 Vde
E 60 tr < 2.0ns =
= LATCH-FREE Ve = —11.5 Vde
& LOAD LINE AREA
s
o
s
£ LATCH-UP AREA
=1
3 40
‘:3 \ Latch-up Free Operating Area. Latch-up is the failure of the col-
-~ lector potential to return to the supply voltage upon turn-off.
The curve shows the permissible operating area to avoid latch-up.
Load excursions must not pass through the shaded area. Excur-
\ sions into the shaded area will not necessarily harm the transis-
tor, but may produce the reduction in output voltage noted above
\ and cause high power dissipation.
20
AREA OF
LATCH-FREE OPERATION
WHEN t, OF OUTPUT
PULSE < 15 ns \
9 0 5 10 15 20
Ve, COLLECTOR-EMITTER VOLTAGE (VOLTS)
FIGURE 4—COMMON EMITTER DC LEAKAGE CHARACTERISTICS
300 v v
o= _— —6 Vdc
200 T,=85C —
| e
100 ‘ + 0.5 Vvde
T
70 I § )
50 f— v, I —
. T,=55C =
[ THRESHOLD | | Nl
20 B0 L ) BASE LEAKAGE CURRENT TEST CIRCUIT
’

Iy, MAXIMUM BASE LEAKAGE CURRENT (uAdc)

—0.5

\ T, = 25'(/
10 1 t
e
0

05 1.0 1
Von, BASE-EMITTER REVERSE BIAS (VOLTS)

5 20

Base Leakage Current. I, is defined as base leakage
current with both junctions reverse biased. I, is
always less than I, for Vi > V. (Vg is off condi-
tion base bias, V is base voltage at threshold of
conduction.)

NOTE: Limit Curves are based on periodic engineering evaluation. Production Tests are made at points
indicated in the Electrical Characteristics Table.
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2N964A (continued)

2N964A LIMIT CURVES

FIGURE 5—COLLECTOR-EMITTER SATURATION VOLTAGE versus BASE CURRENT

1.0 1 1
I I
“ T, = 25°C
\ Vee = 0.15 + 2.2 1¢
0.7 “ @ Ie/ly = 25
= \ \
5 \ \\
>
5 05 \\
E "~L_L
5] P lc = 100 mAde ||
-4
[=]
]
g N
2 o3
= N =~ 50 mA
=
3 N\
3 02 N D 20 mA
S 10 mA
0.15 rl
0.2 03 0.5 1.0 2 3 5 10 20 30 50
15, BASE CURRENT (mAdc)
FIGURE 6—BASE-EMITTER VOLTAGE versus COLLECTOR CURRENT FIGURE 7—TEMPERATURE CO-EFFICIENTS
5 o8 s 10 T —
5 2 lc/ls = 10| 6vc (25 to 100°C)
S T, =25 =
= L E 05 Veepa —
e Ie/ly = 10 U E
= Y bl 6vc (—55 to 25°C)
S 06 L 2 o
= A £
E // 8 0.5
= > w
-3
; J——"/ 2
Iz 04 g 10
= &
_g- E 15 Ovg
é ) vlﬂuﬂ
=
£ 02 -20
1 2 5 10 20 50 100 0 20 40 60 80 100
I, COLLECTOR CURRENT (mAdc) le, COLLECTOR CURRENT (mAdc)
FIGURE 8—CURRENT GAIN CHARACTERISTICS
60 T I T
=z 50 Vee = 1 Volt e ——
3 20 - | — W\ N~
£ = i = W\ —t =
£ % = T\
3 1 B — e —=]—-—T
s L AN\
g L, - —T _ = = N\\\f1,=85C
S —T— 1=-FT \\‘-—r,:zs"c
3 - . rT,=0C
2
_-F = L1, = —s5°¢C
- - ~
10 =
2 5 10 20 50 100

NOTE: Limit Curves are based on periodic engineering evaluation.

Ic, COLLECTOR CURRENT (mAdc)

indicated in the Electrical Characteristics Table.
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2N964A (continued)

F, FALL TIME FACTOR (NORMALIZED t,/ T, ) R,RISE TIME FACTOR (NORMALIZED t,/ 7, 5;)

S, STORAGE TIME FACTOR (NORMALIZED t,/ 7¢s )

14

13

1.1

1.0

1.0

0.8

0.6

0.4

0.2

2.0
1.8
1.6
14
1.2

1.0
0.8

0.6
0.4
0.2

0

NoTe: Limit Curves are based on periodic engineering evaluation.

0
.02

2N964A LIMIT CURVES

FIGURE 8—SWITCHING TIME CURVES FOR RESISTOR COUPLED CIRCUITS

9a—RISE TIME FACTOR

5
Bo/ Be

10 20

9c— FALL TIME FACTOR

/
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indicated in the Electrical Characteristics Table.

9b—ACTIVE REGION TIME CONSTANT

! == == TYPICAL
< LIMIT
é 6
=
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z
(5]
w 4
=
-
3 3
o
&
w
- N ’f’
e S ‘\ —”
g1 3

™M - e | — - Es
0
2 5 10 20 50 100
I, COLLECTOR CURRENT (mAdc)
ACTIVE REGION TIME CONSTANT TEST CIRCUIT
Vee = —6V
600Q
HEWLETT-PACKARD TYPE

INPUT SIGNAL PULSE GENERATOR

i

—6.0 Vdc

5.6K

Ta=Tre=Tee
I
Tu= =2

les

t

6K  185A SAMPLING SCOPE

500

SWITCHING TIME EQUATIONS

RISE-TIME = t, =T8:R

FALL-TIME = t; = TugcF

STORAGE TIME ‘= t/, =T cs$

t. = 10 to 90% rise-time

t; —= 10 to 90% fall-time

L=t 4+t

Tcr = the effective collector recov-
ery time and is virtually un-
influenced by current levels.
20 ns typical and 60 ns
maximum for this transistor.

Vioun

Vin
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T = active region time constant

Ta =Tre =T (Figure 9b)

Bo = hge at edge of saturation
(Bo =~ hg on Figure 8)

B = Ic in saturation/l,, (base “on”
current)

Bec = Ic in saturation/|,, (base “‘off”
current)

R see Figure 9a

F see Figure 9c

S see Figure 9d

Production Tests are made at points



2N964A (continued)

Qr, MAXIMUM TOTAL CONTROL CHARGE (pico-coulombs)
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2N964A LIMIT CURVES

FIGURE 10—TOTAL CONTROL CHARGE

*Adjust Vs, for —5.4 volt pulse at point A
15 pF

—3.1 vde
Vi 1000 A* 300@Q
NOTE:
I = —10 mAdc
L 100 el Iy = —1 mAdc
1 Q f o Relay 10% ! --90%
—54vde L L 1 14 i
atpointA T = = ¥ ;‘TL __20"
mv
10ns MAX
MAX

100

Total Control Charge. When a transistor is held in a conduc-
tive state by a current, Iy, a charge Qg is developed in the
active region. A charge Qp of opposite polarity, equal in
magnitude, can be stored on an external capacitor C to
neutralize the internal charge and considerably reduce the
turn-off time of the transistor. Figure 10b shows the test
circuit and turn-off waveform. Given Q; from Figure 10a,
the external C for worst case turn-off in any circuit is:
C = Q/AV, where AV is defined in Figure 10b.

FIGURE 11— JUNCTION CAPACITANCE VARIATIONS

== == == TYPICAL

s LIMIT
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Nore: Limit Curves are based on periodic engineering evaluation. Production Tests are made at points
indicated in the Electrical Characteristics Table.
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2N965 (GERMANIUM)

2n966

For Specifications, See 2N960 Data.

aN967 (GERMANIUM)
For Specifications, See 2N963 Data.

2N968 thru 28975 (GERMANIUM)

PNP germanium mesa transistors for high-speed
switching applications.

CASE 22
(TO-18)

Collector connected to case

MAXIMUM RATINGS

: 2N968|2N969[2N970{2N971 .
Rating Symbol [9N972|2N973[2N074|2Ng75|  Unit
Collector-Emitter Voltage VCES 15 12 12 7.0 Vde
Collector-Base Voltage VCB 15 12 12 7.0 Vdc
Emitter-Base Voltage VEB 2.5 2.0 | 1.25 | 1.25 Vde
Total Device Dissipation @ T, = 25%C Py 150 mW
Derate above 25°C 2.0 mw/°C
Total Device Dissipation @ T, = 25°C Py 300 mW
Derate above 25°C 4.0 mw/°C
Operating and Storage Junction o
Temperature Range TJ’Tstg -65 to +100 C
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2N968 thru 2N975 (cantinued)

NORMALIZED D.C. CURRENT GAIN
versus COLLECTOR CURRENT

10 T T 500
 ——
4 Vee = 1 Vde

z = 400

3 20 S

Y £

s +85°C / S 300
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Ic, COLLECTOR CURRENT (mAdc)

COLLECTOR SATURATION VOLTAGE versus AMBIENT TEMPERATURE

2 03 . 100
3
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= Zz
g a ~ £ o
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T., AMBIENT TEMPER

ATURE (°C)

CURRENT GAIN-BANDWIDTH PRODUCT (f-)

versus COLLECTOR CURRENT

—
/
[ Vee = 1 Vde
Ta=25°C
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20 30

40 50

Ic, COLI ECTOR CURRENT" (mAdc)

STORAGE TIME versus CIRCUIT CURRENT RATIO

\ lc = 25 mAdc
\
A = 25°C
Iy =41,
R, =100
\ lc = 10 mAdc RR=1Kg
5 10 15 20

Ic/ 11, CIRCUIT CURRENT RATIO

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

Characteristic Symbol | Min | Typ | Max | Unit
OFF CHARACTERISTICS
Collector-Base Breakdown Voltage BVCBO Vde
(‘Ic =100 pAdec, Ip = 0) 2N968,2N972 15 25 -
2N969,2N970, 2N973, 2N974 12 20 -
2N971,2N975 7.0 15 -
Emitter-Base Breakdown Voltage BVEBO Vdc
(IE =100 pAdec, Ic =0) 2N968,2N972 2.5 - -
2N969,2N973 2.0 - -
2N970,2N974 1.25 - -
2N971,2N975 1.25 - -
Collector Cutoff Current ICES pAdce
(VCE =15 Vdc, VBE =0) 2N968,2N972 - - 100
(VCE =12 Vde, VBE =0) 2N969, 2N970, 2N973, 2N974 - - 100
(VCE =17 Vde, VBE =0) 2N971,2N975 - - 100
Collector Cutoff Current Ic BO pAdc
(VCB =6 Vde, IE =0)
2N968,2N969, 2N970, - - 3.0
2N972,2N973,2N974 - - 3.0
2N971,2N975 - - 10
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2N968 thru 2N975 (continued)

ELECTRICAL CHARACTERISTICS (continued)

l Characteristic l Symbol I Min l Typ l Max l Unit l
ON CHARACTERISTICS
DC Current Gain hFE
(IC =10 mAdc, VCE =0.5 Vdc) 2N968,2N969,2N970, 2N971 17 35 -
2N972,2N973,2N974, 2N975 40 75 -
(Ic =25 mAdc, VCE =0.7 Vdc) 2N968,2N969, 2N970, 2N971 20 40 -
2N972,2N973, 2N974, 2N975 40 85 -
Collector-Emitter Saturation Voltage VCE(s at) Vde
(IC =10 mAdc, Ig=1 mAdc) - 0.19 0.25
(IC =25 mAdec, Ig=15 mAdec) - 0.25 0.5
Base-Emitter Saturation Voltage VBE (sat) Vde
(IC = 10 mAdc, Ig=1 mAdc) 2N968, 2N969, 2N972, 2N973 0.30 | 0.39 0.55
2N970,2N971, 2N974, 2N975 0.30 | 0.43 0.65
(Ic = 25 mAdc, Ig=15 mAdc) 2N968,2N969, 2N972,2N973 - 0.45 0.80
2N970,2N971,2N974,2N975 - 0. 60 1.0

DYNAMIC CHARACTERISTICS ‘
Current-Gain — Bandwidth Product f MHz

(IE = 10 mAdec, vCB =1 Vdc, f = MHz) 250 320 -
Collector Output Capacitance Cob pF
(VCB =10 Vde, IE =0, f =1 MHz) - 4,0 9.0
Emitter Transition Capacitance CT e pF
(Vgg =1 Vdc, 15 =0) - 3.5 -
Turn-On Time ton ns
(VBE(off) = 1,25 vdc, Ic =10 mAdc, IBl =1 mA)
2N968,2N969, 2N972, 2N973 - 50 75
2N970,2N971,2N974, 2N975 - 65 100
Turn-Off Time toff ns
(IC =10 mAdc, Ig; =1 mAde, Ig, =0.25 mAdc)
2N968, 2N969 - 70 150
2N972,2N973 - 5 175
2N970,2N971,2N974, 2N975 - 100 2175
Total Control Charge Qp | pC
@l = 10 mAdc, I =1 mAdc)  2N968,2N969, 2N972, 2N973 - 5 100
2N970,2N971, 2N974, 2N975 - 80 150
(Ic =25 mAdc, IB = 1.5 mAdc) 2N968,2N969,2N972,2N973 - 90 175
2N970,2N971,2N974, 2N975 - 175 300

2—139



aN978 (siLicon)

PNP SILICON ANNULAR TRANSISTOR
... designed for general-purpose amplifier applications.

® Collector-Emitter Sustaining Voltage —
VCEO(sus) = 20 Vdc (Min) @ Ic = 100 mAdc

PNP SILICON
AMPLIFIER
TRANSISTOR

*MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage Vceo 20 Vdc
Collector-Base Voltage Vee 30 Vdc
Emitter-Base Voltate VEB 5.0 Vdc
Collector Current Ic 600 mAdc
Total Device Dissipation @ T = 25°C Pp 0.33 Watt

Derate above 25°C 2.64 mW/°C
Total Device Dissipation @ T¢ = 25°C Pp 1.25 Watts
Derate above 25°C 10 mW/°C
Operating and Storage Junction Ty Tstg -65 to + 200 °c
Temperature Range

*Indicates JEDEC Registered Data.

0209
= o230
DIA
0178 gjad |
a3 OATl

Pin 1. Emitter
2.Base 1
3. Collector
0.050 -+ =
~i | 0100
0.
0.046

Collector Connected to Case
CASE 22 (1)
(TO-18)
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2N978 (continued)

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

Characteristic Symbol Min Max Unit
OFF CHARACTERISTICS
Collector-Emitter Sustaining Voltage(1) VCEO(sus) 20 - Vdc
(Ic =100 mAdc, Ig =0)
Collector-Base Breakdown Voltage BVceo 30 - Vdc
(Ic = 1.0 mAdc, Ig = 0)
Collector Cutoff Current IceBo #Adc
(Vcg=10Vdc, Ig=0 - 5.0
(Vcg = 10 Vdc, Ig = 0, Ta = 150°C) - 200
Emitter Cutoff Current IEBO - 200 pAdc
(VEg =1.0Vdc, Ic=0)
ON CHARACTERISTICS
DC Current Gain{1) hgge -
(lc = 30 mAdc, Vcg = 10 Vdc) 15 -
(Ic = 150 mAdc, Vcg = 10 Vdc) 15 60
Collector-Emitter Saturation Voltage VCE (sat) - 1.5 Vdc
(Ic = 150 mAdc, Ig = 15 mAdc)
Base-Emitter Saturation Voltage VBE (sat) - 15 Vdc
(Ic = 150 mAdc, Ig = 15 mAdc)
SMALL-SIGNAL CHARACTERISTICS
Output Capacitance Cob — 45 pF
(Ve =10 Vdc, Ig = 0, f = 1.0 MHz)
Small-Signal Current Gain h¢e 2.0 - -
(Ic =50 mAdc, Vcg = 10 Vdc, f = 20 MHz)

*Indicates JEDEC Registered Data.
(1)pulse Test: Pulse Width = 300 us, Duty Cycle = 1.0%.
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2aN985 (GermaNIUM)

0

PNP germanium epitaxial mesa transistor for high-
speed switching applications.

CASE 22
(TO-18)

Collector connected to case

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Base Voltage VeB 15 Vde
Collector-Emitter Voltage Vceo 7.0 - Vvde
Emitter-Base Voltage VEB 3.0 Vdc
Collector Current Ic 200 mAdc
Junction Temperature Ty 100 oc
Storage Temperature Tstg -65 to +100 °c
Device Dissipation
@ T =25°C Pp 300 mW

Derate above 25°C 4.0 mW/°C
Device Dissipation
@ T, =25°C Pp 150 mwW

Derate above 25°C 2.0 mw/°C

SWITCHING TIME TEST CIRCUIT
Vec = —10.3V
100
~O Vour

0SCILLOSCOPE RISE TIME = 1 ns

+1.25v Vin
o=f==-- O ANV~
1Ko ~L_  ToTAL coLLECTOR SHUNT
—5.5V +7T~ Ct CAPACITANCE = 6 bF
|

INPUT PULSE |
t,=1ns |
t=1ns b

PW = 200 ns — =

— e el
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2N985 (continued)

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

(Ic = 10 mAdc, Ig) = 5 mAdc, Igg = 1.25 mA)

Characteristic Symbol | Min Max Unit
Collector-Base Breakdown Voltage BVcgpo Vdc
(Ic = 100 pAdc, Ig = 0) 15 —_
Collector-Emitter Breakdown Voltage BVc EO Vde
(Ic = 5 mAdc, Ig = 0) 7.0 —
Collector-Emitter Breakdown Voltage BVcEs Vdc
(Ic = 100 pAdc, Rpg = 0) 15 _
Emitter-Base Breakdown Voltage BVEBO Vdce
(Ig= 100 pAdc, Ic = 0) 3.0 —_
Collector Cutoff Current Icgo uAde
(Vcg = 5 Vde, Ig = 0) — 3.0
Emitter Cutoff Current IrBoO wAde
(VEB = 3Vde, I = 0) —_— 100
DC Current Gain hpe _
(I¢ = 10 mAdc, Vo = 0.25 Vde) 40 —_
(Ic = 100 mAde, Vo = 0.5 Vdc) 60 —_
Collector Saturation Voltage VeE Vdc
(Ic = 10 mAdc, Ig = 0.5 mAdc) (sat) — 0.15
(Ic = 100 mAdc, Ig = 5 mAdc) — 0.30
Base-Emitter Voltage VBE Vde
(I¢ = 10 mAdc, Ig = 0.5 maAdc) 0.28 0.40
(IC = 100 mAdc, Ig = 5 mAdc) 0.40 0.60
Small Signal Current Gain |hfe| —_
(Vcg = 2 Vde, I = 30 mAdc, f = 100 MHz) 3.0 —
Collector Output Capacitance Cob pF
(VCB = 5 Vde, Ig = 0,f =1 MHz) —_ 6.0
Turn-on Time ton _ ns
(Ic = 10 mAdc, Ig; = 5 mAdc, VBE(O) = 1,25 Vde) 35
Turn-off Time toft ns
= - 80

2N 995 (siLicon)

For Specifications, See 2N869 Data,
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2N996 (SILICON)

PNP SILICON ANNULAR TRANSISTOR

.. . designed for general-purpose amplifier applications.

® Collector-Emitter Sustaining Voltage —

VCEO(sus) = 12 Vdc (Min) @ Ic = 10 mAdc

@ Collector-Base Breakdown Voltage —

BVcBO = 15 Vdc (Min) @ ic = 10 uAdc

® Emitter-Base Breakdown Voltage —

BVEBQ = 4.0 Vdc (Min) @ Ig = 10 uAdc

PNP SILICON
TRANSISTOR

*MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage VCceo 12 Vdc
Collector-Base Voltage Vcs 15 Vde
Emitter-Base Voltage VeB 4.0 Vdc
Collector Current Ic 200 mAdc
Total Device Dissipation @ T 5 = 25°C Pp 360 mwW

Derate above 25°C 2.06 mW/°C
Total Device Dissipation @ T¢ = 25°C Pp 1.2 Watts
Derate above 25°C 6.86 mw/°C
Operating and Storage Junction T J.Tstg -65 to +200 oc
Temperature Range

*Indicates JEDEC Registered Data.
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1
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0210
0.500
MIN
0016 51
0018 O1A
STYLE1 0.0
Pin 1. Emitter 050 ~
2. Base
3. Collector = r=— 0.100

Collector Connected to Case
CASE 22(1)
(TO-18)




2N996 (continued)

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

l Characteristic I Symbol Min Max Unit
OFF CHARACTERISTICS
Collector-Emitter Sustaining Voltage(1) VCEO(sus) 12 - Vde
(Ic = 10 mAdc, Ig = 0)
Collector-Base Breakdown Voltage BVcBo 15 - Vde
(Ic = 10 pAdc, Ig = 0)
Emitter-Base Breakdown Voltage BVEBO 4.0 - Vdc
(lg =10 gAdc, Ic=0)
Collector Cutoff Current Icso
(Vg =10 Vde, Ig = 0) - 0.005 uAdc
(Vcg =10 Vdc, Ig =0, T = 150°C) - 15 rAdc
Emitter Cutoff Current IEBO - 10 rAdc
(VBe =4.0 Vdc, Ic = 0)
ON CHARACTERISTICS
DC Current Gain hrge 35 - -
(Ig = 20 mAdc, Vcg = 1.0 Vdc)
Collector-Emitter Saturation Voltage VCE (sat) - 0.3 Vdc
(Ic = 60 mAdc, Ig = 2.0 mAdc)
Base-Emitter Saturation Voltage VBE (sat) - 0.95 Vdc
(Ic = 20 mAdc, Ig = 2.0 mAdc)
DYNAMIC CHARACTERISTICS
Current-Gain—Bandwidth Product(2) fr 100 - MHz
(Ic =10 mAdc, Vcg = 10 Vdc, f = 100 MHz)
Output Capacitance Cob — 10 pF
(Vg =10 Vde, Ig =0, f =100 kHz to 1.0 MHz)

*Indicates JEDEC Registered Data.
(1)Pulse Test: Pulse Width <300 us, Duty Cycle < 2.0%.

(2)f1 is defined as the frequency at which |hgel extrapolates to unity.
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2N998 sicon)

Wi'; Darlington amplifier containingtwo NPN silicon an-
‘ nular transistors is designed for applications requiring
very high-gain, low-noise, and high-input impedance.
CASE 20(8)
(TO-72)

MAXIMUM RATINGS

Rating Symbol 2N998 Unit
Collector-Emitter Voltage VCEO 60 Vdce
Collector-Base Voltage VcB 100 Vde
Emitter-Base Voltage VEB 15 Vde
Collector Current Io 500 mAdc
Total Device Dissipation @ T A= 25°C Pp 0.5 Watt

Derate above 25°C 2.86 mW/°C
Total Device Dissipation @ T = 25°C Pp 1.8 Watts

Derate above 25°C 10.3 mw/°C
Operating Junction Temperature Ty +200 oc
Storage Temperature Range Tstg -65 to +200 °c
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2N998 (continued)

ELECTRICAL CHARACTERISTICS (, = 25°C uniess ctherwise noted)

L Characteristic

Symbol [

-]

OFF CHARACTERISTICS

Coll -Emitter ng Voltage (1)
(ic = 30 mAdc, Ig = 0)

BVCEO(sus)

Vdc

Collector-Base Breakdown Voltage
(Ic = 100 pAde, Ig = 0)

BVcpo

100

Vdc

Emitter-Base Breakdown Voltage
(g = 100 Adc, I = 0)

BVgpo

Vvde

Collector Cutoff Current
(Vcp = 90 Vde, Ig = 0)

(Vep = 90 Vde, I = 0, T, = 150°C)

IcBo

0.01
15

nAde

Emitter Cutoff Current
(Vgg = 10 vdc, I = 0)

IgBO

0.01

pAde

ON CHARACTERISTICS

DC Current Gain (1)
(Ic = 1 mAde, Vo = 5 Vde)

(Ic = 10 mAde, Vcg = 5 Vde)
(XC = 100 mAdc, Ve = 5 Vdc)

(IC =10 mAdc, Vcg = 5 Vdc, measured
across each transistor within the device)

hrg

1,600
2,000

25

8,000

DYNAMIC CHARACTERISTICS

Output Capacitance
(Vcp = 10 Vdc, Ig = 0, f = 140 kHz)

ob

30

pF

Input Capacitance
(VBE = 0.5 vdc, Ic = 0, f = 140 kHz)

Cib

50

pF

Small-Signal Current Gain
(Ic = 1 mAdc, Vcg = 5 Vde, f = 1 kHz)

hee

1,000

Noise Figure**
(Ic = 0.1 mAde, Vcg = 10 Vde, Rg = 5 kohms,
{ = 1 kHz, Bandwidth = 200 Hz)

NF#**

6.0

dB

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

**Measured with constant current supply of 20 uAdc connected to the emitter of the input transistor. (See Figure 1)

FIGURE 1 — NOISE-FIGURE TEST CIRCUIT

20 yA
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2n1008, A, B (cermanium)

2N1008B JAN AVAILABLE

PNPgermanium transistor for audio driver and med-
ium speed switching applications.

CASE 31(1)
(TO-5)
All leads isolated
MAXIMUM RATINGS

Rating Symbol | 2N1008 | 2N1008A |2N1008B Unit

Collector-Base Voltage VB 20 40 60 Vde
Collector-Emitter Voltage VcEO 20 40 60 Vde
Emitter-Base Voltage VEB 15 vde
Collector Current Ic 300 mAdc
Base Current Ig 30 mAdc
Collector Dissipation Pp

Ta = 25°C 200 mwW

derate 2.78 mw/°C

Tc = 25°C 300 mW

derate 4.0 mw/°C
Junction and Storage Temperature Range Tp Toig -65 to +100 oc

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

Characteristics Symbol Min Typ Max UNIT
Collector Leakage Current IcBO uAdc
(Ve = 10 vdc) o, 2N1008 _ -—-- 5.0 10 |
(VeB = 10 Vdc, T, = 85 C) 2N1008 SRR 500
(VeB = 25 Vdc) 2N1008A - 5.0 10
(Ve = 25 Vde, Ta = 85°C) 2N1008A ee | aem 500
(Vcp = 45 Vdc) 2N1008B - 7.0 15
(Vcp = 45 Vdc, T, = 85°C) 2N1008B cee | e-- 750
Emitter Leakage Current IEBO uAde
(VEg = 10 Vdc) 2N1008 --- [.5.0 10
2N1008A - ——- 10
2N1008B - — 10
Collector-Emitter Breakdown Voltage | BVcgR Vvde
(Ic =1.0 mAdc, Rgg = 10K)
2N1008 15 | --- ---
2N1008A 35 | --- —
2N1008B 55 | --- -
Collector-Emitter Saturation Voltage VCE (sat) Vde
(Ic = 100 mAdc, Ig = 10 mAdc) i -——- —— 0.25
Small Signal Current Gain hee -
(Ic = -10 mAdc, Vo = 5.0 Vdc,
f = 1 kHz) 40 | --- 150
Input Resistance (vCB =6V, IE = 1 mA) hie 200 -—— 1000 | ohms
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2n1011 GErmaNIUM)

PNP germanium power transistor for general
purpose power amplifier and switching applications in
military and industrial equipment. Operating temper-
ature range and power dissipation exceed military

CASE 11 PV
(TO-3) specifications.
MAXIMUM RATINGS
Rating Symbol 2N1011 Unit
Collector -Emitter Voltage VCEé 40 Vde
Collector-Emitter Voltage VCES 80 Vdc
Collector-Base Voltage VCB 80 Vde
Emitter-Base Voltage VEB 40 Vde
Collector Current Ic 5.0 Adc
Total Device Dissipation @ Tc = 25°%C PD 90 Watts
Derate above 25°C 1.2 w/°c
Op;rating and Storage Junction TJ, Tstg °c
emperature Range -65 to +100
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case 83c 0.8 °C/ w

POWER-TEMPERATURE
DERATING CURVE

100

98: N
N

60

40 N

N

PD, Power Dissipation (Watts)

0 20 40 60 80 100
TC’ Case Temperature (°C)
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2N1011 (continued)

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

Characteristic Symbol Minimum Maximum Unit
‘DC Current Transfer Ratio hpp — 150 —
VCE = 2 A%
Ic = 1.0 Ade
DC Current Transfer Ratio hpg 30 7% —
Veg= 2V
Ic = 3.0Adc
Small-Signal Current Transfer Ratio foe 5.0 — kHz
Cutoff Frequency
Veg = 2 Vde
Ic = 3Amp
Emitter-Base Cutoff Current IgBO — 3.0 mAdc
VEB = 40 Vdc
Ic= 0
Collector-Base Cutoff Current IcBO — 200 rwAde
Vep = 2 Vde
IE = 0
Collector-Base Cutoff Current Icso — 15.0 mAdc
VCB = 80 Vdc
Ig= 0
Base Current Ig 6.7 — mAdc
Veg = 2 Vde
Ic = 1Adc
Base Current Ig 40 100 mAdc
Veg = 2 Vde
Ic = 3Adc
Emitter-Base Voltage VEB — 2.0 Vde
Veg = 2 Vde
Ic = 3Adc
Floating Potential Va —_ 1.0 Vdc
Vep = 50 Vde
(Voltmeter input resistance
= 10 Megohm min)
Collector-Emitter Saturation Voltage VCE(SAT) — 1.5 Vdc
Ic = 3Adc
Ig = 200 mAdc
Collector-Emitter Voltage BVcEo 40 — Vde
Ic = 300 mAdc
Ig= 0
Collector-Emitter Voltage BVeES 80 — Vde
Ic = 300 mAdc
Vgg= 0
High- Temperature Operation
Tc = +90°C min
Collector Cutoff Current IcBo —_ 20 mAdc
VCB = 30 Vdc
IE = 0
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2an1021 (Germanium)

an1022

PNP germanium power transistorsfor industrial and
general purpose power amplifier and switching appli-
cations.

CASE 11
(TO-3)

MAXIMUM RATINGS (Tc = 25°C unless otherwise noted)

Rating Symbol 2N1021 2N1022 Unit
Collector-Base Voltage VcB 100 120 Volts
Collector-Emitter Voltage Ve EX 100 120 Volts
Collector-Emitter Voltage VCEO 50 Volts
Emitter-Base Voitage vEB 30 Volts
Collector Current Io 5.0 Amp
Operating Junction and Storage
Temperature Range Ty Tatg -65 to+110 oc
Total Device Dissjpation @ T = 25°C Ph 85 Watts
Derate above 25 C 1.0 w/°c
POWER-TEMPERATURE DERATING CURVE
@Ta @Tc
_ 5 100 T
w 2 85 C
SE 1 g
g
= 3 3 60 Tx
2= 26
s %; 2 4 —— ~J
(=]

0 25 50 75 100 110 125
TEMPERATURE (°C)
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2N1021, 2N1022 (continued)

ELECTRICAL CHARACTERISTICS (Tc = 25°C unlessotherwise noted)

Characteristic Symbol | Min | Max | Unit
Collector-Base Cutoff Current ICBO mAdc
(VCB = 50 Vdc) 2N1021 — 10.5
(Vcp = 60 vdce) 2N1022 — | 0.5
(VCB = 100 Vvdc) 2N1021 — | 2.0
(VCB = 120 Vdc) 2N1022 — | 2.0
(Vep = 50 Vde, T = +55°C) 2N1021 — ] 8.0
(Ve = 60 Vde, T = + 550C) 2N1022 — | 8.0
Collector-Emitter Breakdown Voltage* BVCEO* Vde
(Ic = 200 mAdc) 50 | —
Emitter-Base Cutoff Current IEBO mAdc
(Vgg = 30 Vde) — | 20
Base-Emitter Voltage VBE Vde
(VCE = -1.5 Vdc, I = 1.0 Adc) — | 3.0
Collector- Emitter Saturation Voltage VC E(sat) Vde
(IC = 5 Adc, Ig = 500 mAdc) —1 0.5
DC Current Gain hFE —
(IC = 1 Ade, Vo = 1.5 Vde) 40| —
(IC = 3 Adc, Vo = 1.5 vde) 35| —
(IC = 5 Adc, Vog = 1.5 Vdc) 30| 90
(IC = 7 Adc, VCE = 1.5 Vde) 22| —
Input Impedance hjo ohms
(Ic = 1.0 Adc, VCE = 1.5 Vdc) : —| 28
Current Gain-Bandwidth Product fp kHz
(IC = 1.0 Ad¢, Vo = 2 Vdc) 200 —

*Sweep Test: 1/2 sine wave, 60 Hz .
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2NI 038 thru 2Nl 04] (GERMANIUM)
282552 1o 282559

PNP GERMANIUM
PNP GERMANIUM MEDIUM POWER TRANSISTORS POWER TRANSISTORS

40-100 VOLTS
20 WATTS

. designed for relay drivers, pulse amplifiers, audio amplifiers and
high-current switching applications.

High Current Capability — I = 3.0 Amperes
Guaranteed Excellent Collector-Emitter Sustaining Voltage
20-Watt Power Dissipation at 25°C Case Temperature

100°C Maximum Junction Temperature

CASE 180 CASE 183 CASE 184
537500
0.310
¥MAXIMUM RATINGS a3 O b
2N 1038/ 2N1039{2N1040/ 2N 1041 | |
Rating Symbol| 2N2552| 2N2553[2N2554| 2N2555| Unit et 00707
2N 2556/ 2N2557 2N 2558| 2N 255! oo EMITTER b
Collector-Emitter Voltage Veeo| 30 | 40 | s0 | 60 | vac a0z —
Collector-Base Voltage Veg | 40 60 80 100 | Vvdc >/ \
COLLECTOR
Emitter-Base Voltage VEB 20 Vdc H
m
Collector Current — Continuous ic 3.0 Adc 00
Base Current — Continuous g 1.0 Adc 2N1038-2N1041 CASE 180
Total Device Dissipation @ Ta =25°C| Pp 450 mw
Derate above 25°C 6.0 mW/°C| _l_-‘m v L g':;l" o130
$ord 3 Collect )/
Total Device Dissipation @ Tc =25°C| Pp 20 Wates | | i ' * ’;;C <
0 0.267 0 . PR |
Derate above 25°C (Note 1) w/°C (I 1 g8
. .02:
* ‘Operating and Storage Junction TyTstg] 6510 +100 —— oc a2 n_.,% L Jgné
0.01;
Temperature Range [
SEATING
PLANE 0850
THERMAL CHARACTERISTICS e
N2652—-2N255 1
Characteristic Symbol Max Unit 2;’“"55 2855 CASE 183
Thermal Resistance, Junction to Case 84c 3.75 oc/w s
ﬂﬂBZ
1.500 MIN —==1{ \
*Indicates JEDEC Registered Data.
Note 1: Case Temperature shall be measured 0.100 + 0.010 inches above the
seating plane.
**Motorola guarantees this data in addition to the JEDEC .
Registered Data shown. oase 1. Emitter
: o875 2.Base
SEATING PLANE MAX 3. Collector
2N2556—-2N2559 CASE 184
Coliector Connected to Case
(All Types)
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2N1038 thru 2N1041/2N2552 thru 2N2559 (continued)

* ELECTRICAL CHARACTERISTICS (T¢ = 25°Cunless otherwise noted)

Characteristic l Symbol I Min I Max I Unit
OFF CHARACTERISTICS
Collector-Emitter Sustaining Voltage VCEO(sus) Vdc
(1 = 100 mAdc, I =0) 2N1038, 2N2552, 2N2556 30 -
2N1039,2N2553, 2N2557 40 -
2N1040, 2N2554, 2N2558 50 -
2N1041, 2N2555, 2N2559 60 -
Collector Cutoff Current ICEO mAdc
(Vg = 15 Vde, I5:=0) 2N1038, 2N2552, 2N2556 - 25
(VCE = 20 Vdc, IB =0) 2N1039,2N2553,2N2557 - 20
(Veg =25 Vde, 1 =0) 2N1040, 2N2554, 2N2558 - 20
(Vo =30 Vde, I5=0) 2N1041,2N2555, 2N2559 - 20
Collector-Emitter Cutoff Current Iogx mAdc
(Vi =40 Vde, VBE(Om = 0.2 Vdc) 2N1038, 2N2552, 2N2556 - 0.65
(Vog =60 Vde, Vg oy = 0.2 Vde) 2N1039, 2N2553, 2N2557 . 0.65
(Vg =80 Vde, VBE(O“) =0.2 Vdc) 2N1040,2N2554, 2N2558 - 0.65
(VCE =100 Vdc, VBE(off) =0.2 Vdc) 2N1041,2N2555, 2N2559 - 0.65
(Vg =20 Vde, VBE(Om =0.2 Vdc, To 2N1038, 2N2552, 2N2556 = 5.0
(Vg =30 Vdc, VBE(O“) =0.2 Vde, T, 2N1039, 2N2553, 2N2557 - 5.0
(Vg =40 Vde, Vg o = 0-2 Vde, T = 85°C) 2N1040, 2N2554, 2N2558 - 5.0
(Vg =50 Vde, VBE(OH) =0.2 Vde, T 2N1041, 2N2555, 2N2559 - 5.0
Collector Cutoff Current ICBO nAde
(Vep =20 Vde, I =0) 2N1038,2N2552, 2N2556 - 125
(Vop =80 Vde, 1, = 0) 2N1039, 2N2553, 2N2557 - 125
(Vg =40 Vde, I =0) 2N1040, 2N2554, 2N2558 - 125
(Vop =50 Vdc, I, =0) 2N1041, 2N2555, 2N2559 - 125
**(Vop =40 Vde, I, =0) 2N1038, 2N2552, 2N2556 - 750
**(Vop =60 Vde, I, =0) 2N1039, 2N2553, 2N2557 - 750
**(Vop =80 Vde, I =0) 2N1040, 2N2554, 2N2558 - 750
**(Vp = 100 Vde, I =0) 2N1041,2N2555, 2N2559 - 750
Emitter Cutoff Current IEBO 1LAde
(Vgg =20 Vde, =0 - 650
ON CHARACTERISTICS
DC Current Gain hFE -
(I =50 mAde, Vo =0.5 Vde) 33 200
(1o = 1.0 Ade, V(o =0.5 Vde) 20 60
Collector-Emitter Saturation Voltage v Vde
(I = 1.0 Ade, I = 100 mAdc) CE(sat) - 0.25
Base-Emitter Input-Voltage VBE Vde
- - - 1
(1o = 1.0 Ade, V. =0.5 Vdc) 0
SMALL-SIGNAL CHARACTERISTICS
Small-Signal Current Gain fe -
(Ig =500 mAde, Vp = 1.5 Vdc, f = 18 72
Small-Signal Current Gain [ Bl -
(1o =500 mAde, V.o = 1.5 Vde, f = 2.0 -

*Indicates JEDEC Registered Data.

**Motorola Guarantees this data in addition to the JEDEC Registered Data Shown.
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on1042 ihro 281045 (GERMANIUM)
2n2560 thro 282567

*

high-current switching applications.

PNP GERMANIUM MEDIUM POWER TRANSISTORS

® High Current Capability — I = 3.5 Amperes
o Guaranteed Excellent Collector-Emitter Sustaining Voltage
® 20-Watt Power Dissipation at 25°C Case Temperature

e 100°C Maximum Junction Temperature

. designed for relay drivers, pulse amplifiers, audio amplifiers and

PNP GERMANIUM
POWER TRANSISTORS

40-100 VOLTS
20 WATTS

MAXIMUM RATINGS

2N1042 [2N1043 [2N1044(2N1045
Rating Symbol [2N2560{2N2561|2N2562|2N2563( Unit
2N 2564 |2N2565 |2N 2566 |2N 2567
Collector-Emitter Voltage VCEO 30 40 50 60 Vdc
Collector-Base Voltage VcB 40 60 80 100 Vdc
Emitter-Base Voltage VgB 20 Vdc
Collector Current — Continuous Ic 35 Adc
Base Current — Continuous g 1.0 Adc
Total Device Dissipation @ Tp =25°C| Pp 450 mwW
Derate above 25°C 6.0 mw/°c
Total Device Dissipation @ Tc=25°C| Pp 20 Watts
Derate above 25°C (Note 1) 0.267 w/ec
"Operating and Storage Junction T4 Tstg <——-65 to +100 ———— oc
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case 6yc 3.75 oc/w

*Indicates JEDEC Registered Data.

Note 1: Case Temperature shall be measured 0.100 + 0.010 inches above the

seating plane.

**Motorola guarantees this data in addition to the JEDEC Registered Data shown.
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CASE 180 CASE 183 CASE 184
0335
S5 om ]
0.310 DIA 4
0340 i L2
B 0.1414
‘ 0.0707
- ¢ 00707
I
0.022
028 ™A '
| -
1.
MIN 45° \/ \
\ COLLECTOR
0.025 0029
0.03¢ 0085

2N2564 — 2N2567 CASE 180

1 Emntter

o 1,943 MIN———~]

043
i

L

SCollector Q )/
0080

1032 UNF 24 i r,m
IS m,
W1 &
0022
mn
[oas 008 | oo .n
03857 ooz 1500 qm
"
SEATING
PLANE
L L —
=

2N2560 — 2N2563 CASE 183

2,068 MIN

l_‘ 1.985 MIN ——e=|
1.500 MIN-

L
17220 UNF2A
(g 1. Emitter
2.Base
SEATING PLANE 3. Collector
2N1042 — 2N1045 CASE 184

Collector Connected to Case
(A1l Types)




2N1042 thru 2N1045/2N2560 thru 2N2567 (continued)
*ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted)

[ Characteristic | Symbol I Min l Max I Unit :I
OFF CHARACTERISTICS
Collector-Emitter Sustaining Voltage VCEO (sus) Vdc
(Ic = 100 mAdc, ig = 0) 2N1042,2N2560,2N2564 30 -
2N1043,2N2561,2N2565 40 -
2N 1044,2N2562,2N 2566 50 -
2N 1045,2N2563,2N2567 60 —
Collector Cutoff Current ICEO mAdc
(Vce = 15 Vdc, 1g = 0) 2N1042,2N2560,2N2564 - 25
(Vce =20 Vdc, Ig = 0) 2N1043,2N2561,2N2565 - 20
(Vce = 26 Vdc, I1Ig = 0) 2N1044,2N2562,2N2566 - 20
(Ve =30 Vdc, I1g = 0) 2N1045,2N2563,2N2567 - 20
" Collector-Emitter Cutoff Current » ICEX mAdc
(VCE = 40 Vdc, VBE (off) = 0.2 Vdc) 2N1042,2N2560,2N 2564 - 0.65
(VCE = 60 Vdc, VBEg (off) = 0.2 Vdc) 2N1043,2N2561,2N2565 - 0.65
(VCE = 80 Vdc, VBE (off) = 0.2 Vdc) 2N1044,2N2562,2N2566 - 0.65
(Vg = 100 Vdc, VBE(off) = 0.2 Vdc) 2N 1045,2N2563,2N2567 - 0.65
(VCE = 20 Vdc, VBE (off) =0.2 Vdc, T =85°C) 2N1042,2N2560,2N2564 - 5.0
(VcE = 30 Vde, Vg (off) = 0-2 Vdc, T¢ =85°C) 2N1043,2N2561,2N2565 - 5.0
(VCE = 40 Vdc, VBE (off) =0.2 Vdc, T¢ = 85°C) 2N 1044,2N2562,2N2566 - 5.0
(VGE = 50 Vdc, VBE (off) = 0.2 Vdc, T¢ =85°C) 2N1045,2N2563,2N2567 - 5.0
Collector Cutoff Current - Iceo nAdc
(Vcg =20 Vdc, Ig = 0) 2N1042,2N2560,2N2564 - 125
(Vcg =30 Vdc, Ig =0) 2N1043,2N2561,2N2565 - 125
(Vcp =40 Vdc, Ig =0) 2N10