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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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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.

1-10



.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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VE, FORWARD VOLTAGE (VOLTS) Vg, FORWARD VOLTAGE (VOLTS)
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)
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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

~
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ZTl m " [ |/ mssa
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A I
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50 | 1/ //
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10
== / . s I[// // 1NB27,A
25 l | { 5.0 //
| 1IN827,A /7 A 1N829,A
Al ¥
0 1N829,A : 0
- ! — .
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_ H | -5.0
2 f T 1N825 A AN Y
- \\ TN 18274
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- _.‘___ [ ’ -15 \ G
-75 ——-—{—- » \ N 1n825.A
I | b ANRANEEEE
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-100 | | T \25 8214 \ |
-55 0 50 100 -55 0 50 100
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
9.0 /% 9.0 1
- +250C z
80 = k £ g o |
15— — —— — — — g 15— — 7 ———
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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).

1-17




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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(with IzT = 7.6 mA £0.01 mA) (See Note 4)
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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
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FIGURE 4 — ZENER CURRENT versus MAXIMUM FIGURE 5 — MAXIMUM ZENER IMPEDANCE
VOLTAGE CHANGE (at specified temperatures) versus ZENER CURRENT
(See Note 5) (See Note 3)
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