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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
1N- - -, 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 |l 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 | Cs.

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 ElA-registered
type numbers up to 1TN4999 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 I

This volume contains data sheets for all Motorola-
manufactured, EIA registered devices with type num-
bers 1TN5000 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 E1A) 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.

4. 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 Identification
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
{"électronique. Les différents dispositifs sont designés
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 aménent a utiliser, lors de la concep-
tion de circuits, des dispositifs bien connus alors que
d‘autres dispositifs mieux adaptés sont disponibles. Afm
de pallier cet inconvénient, Motorola a donc institué
ce catalogue de semiconducteurs.

Le Catalogue de Semiconducteurs de Motorola iden-
tifie et caractérise les dispositifs semiconducteurs en-
registrés auprés de |'Association des Industries Elec-
troniques (EIA) par les symboles 1N---, 2N---, et 3N---
ainsi que Ies dispositifs propres 3 Motorola avec des
numeéros specuaux (Ce catalogue contient les specnflca-
tions ccmp)etes pour tous Ies semiconducteurs duscrets
etdes specuflcatlons abregees pour les circuits mtegres )
De plus, afin de simplifier le choix des dispositifs les
plus utiles, il contient également un ‘“‘guide’” mettant
en évidence les dispositifs destinés 3 des applications
bien spécifiques. Son util‘isation adéquate peut donc
‘etre un outil de travail tres utile pour I'ingénieur de
circuit, I'ingénieur de composants, et |'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 systemes de montage. Une fois
le choix du dispositif effectué, il suffit de consulter

les Volumes | et || pour obtenir toutes les données -

concernant ce dispositif.

Index des Dispositifs Homologue's par EIA

. . ;. .
Cet index fournit également les données électriques
principales.

Index des Dispositifs Non-HomoIogués

Cet index fournit une hste complete des dlsposmfs
Motorola non- homologues avec leurs données élec-
triques principales.

Composants Micro-circuits
.o
Transistors et diodes non-encapsules, elements pas-
. - - 14 4 age . - .
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
categories principales pour un choix rapide des com-
posants les mieux adaptés a certaines applncatnons (y
compris dispositifs discrets et circuits mtegres )

Liste des Dispositifs Militaires

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

Boitiers et Modes de Montage

Fournit les modes de montage, les radiateurs et les
" s,
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.

il est évident qu’afin de garder ce catalogue a jour,
le Volume de Référence sera completement révisé et
publie deu>§ 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
homologues par EIA ;usqu ‘a 1N4999 et 2N4999 Ces
specufucatuons sont classées par ordre numeérique 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 numero
en-dessous de 5000 necessuteront peu de mise a jour
pulsque tous ces numeros sont de]a utilisés. En con-
séquence, ce volume ne sera relmpnme que sur demande
et les modifications appara:tront uniquement lors de
cette nouvelle édition.

VOLUME II

Ce volume est constitué par toutes les spécufucatlons
pour les dISDOSItlfS faits par Motorola, homologues par
EIA avec numeros TN5000, 2N5000, etc. ainsi que
ceux avec les numéros 3N--- De plus, les spécifications
de dcsposmfs avec numéros specnaux de Motorola (non
homologués par EIA) y sont incluses.

Loy N, PR
Ce catalogue sera mis a jour a l'aide d’editions
supplementaires car il contient toutes les donnees de-
taillées des d:sposmfs semlconducteurs les plus recents

Deux supplements seront publles pendant la durée de
vie de cette edition.



Meéthode d’Utilisation du Catalogue de
Semiconducteurs

Ce catalogue a pour but:

S .

1. D’identifier rapidement, gr'éce aux speglfncatvons
principales, si le dispositif est homologue par EIA
ou s'il s'agit d'un type spécial Motorola.

2. De sé!ectionner rapidement le dispositif le mieux

\ . .
adapte a un circuit.
3. De selectionner rapidement un dispositif en fonc-
. e . ’ .
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. R

Exemples de méthodes d’utilisation;

Question: Identifier le dispositif

Donnée: Type de dispositif

Renseignements Requis:  Fonction du dispositif, ap-
plications et spécifications
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 électriques
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

Doynnées: y

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 precise de ce circuit?

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

Méthode: Consulter le Guide dans le Volume de

Référence qui est catégorisé 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 premiere

page pour faciliter la sélection du Guide. Nous pouvons

maintenant obtenir toutes les données 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 lUber Para-
meter oder Anwendungen von speziellen Halbleitern.
Viele tausend verschiedene Halbieitertypen sind heute
erhaltlich. Es ist fast unmaoglich, 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 1N, 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 Entwickiungs und
Komponent-Ingenieur sowie dem Einkaufer von Halb-
leitern gute Dienste leisten im Aufsuchen der best
moglichen 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 fur spezielle
Anwendungszwecke leicht auffinden. Gehé&use-, 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

Volistandiges numerisches Verzeichnis aller EIA regi-
strierter Halbleiter Typen, mitden 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 flir den Gebrauch in

vil

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

Hauptnachschlagewerk

Zusammenfassung in Gruppen der bevorzugten Haupt-
elementkategorien fiir schnelle Vorselektion der Elemen-
te die am besten fir 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, Kiihlelemente und Spe-

zial-Elementeneinkapselung.

Vermasste Elementen-Grundrisse

Vermasste Zeichnungen von Gehdusegrundrissen mit
JEDEC und Motorola Gegeniiberstellung. (Zeichnungen
der Anschlussformen von gegebenen Gehdusen sind
inbegriffen.)

Awendungsbericht- Katalog

Nachschlagliste der Anwendungsberichte welche in An-
wendungskategorien zusammengefasst sind. Eine kurze
Zusammenfassung des Inhalts der verfigbaren 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 liberarbeitet und publiziert.
Zusatzliche Veroffentlichungen werden vierteljahrlich
herausgegeben.

BAND |

Dieser Band enthalt vollstandige Datenblatter der von
Motorola fabrizierten Elemente mit EIA registrierten
Nummern bis zu 1N4999 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 fiir 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
hergesteliten E1A registrierten Elemente mit der Typen-
nummer TN5000 und 2N5000 und aufwarts und eben-
falls solche mit den 3N- - Typennummern. Alle aktiven .
Datenblatter flir Elemente mit speziellen Motorola
Typennummern (nicht EIA registriert) sind zusatzlich



hier einbezogen.

Weil dieser Band die detaillierten Daten fir alle der
erst kiirzlich entwickelten Halbleiter enthalt, wird er
durch Publikationen von Zusatzbtichern auf den letzten
Stand gebracht. Zwei Zusatzbilicher werden wahrend
der"’Lebensdauer’’dieser Ausgabe verdffentlicht 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 Seiektion der best geeignetsten
Elemente fiir eine bestimmte Schaltungsanwendung.

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

4. Liefert vollstandige Charakterisation einer breiten
Komponentenlinie, welche die meisten Halbleiter-
Kategorien einschliesst. 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 hergesteliten Halbleiter von
den zwei anderen Banden der Halbleiter Bibliothek
erhalten werden.

Problem: Elementen-Vorbestimmung

Bekannt:

a). Vorgesehene Schaltkreisanwendung fiir ein bestimm-
tes Element.

b) Ungefihre elektrische Spezifikationen eines ge-
wiinschten Typs.

Bendtigte Information:

Welche Elemente sind fir.eine bestimmte Kreis-
funktion verfligbar ? )
b) Welche Elementtypen erfiillen am besten die erfor-
derlichen elektrischen Charakteristiken ?

a)

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-
Fiihrern’ ist am anfang dieses Kapitels gegeben, was
zum schnellen Auffinden der zutreffenden ““Flihrer”
hilft. Vollstandige Daten der von Motorola hergestell-
ten Elemente konnen, wenn bendtigt, von den zwei
anderen Banden entnommen werden.

Vi









DEVICE INDEX

Devices characterized in Volume Il show the page reference
only. Devices characterized in Volume | are referenced by
volume and page number.

DEVICE VOL | PAGE DEVICE VOL | PAGE DEVICE VOL | PAGE
1N5000 ] 1-103 1N5251 1-20 1N5312 1-26
1N5001 " ‘ 1N5252 1N5313 1-26
1N5002 1N5253 1N5314 1-26
1N5003 i |1-103 1N5254 1N5333 1-30
1N5139,A 1-3 1N5255 1N5334
1N5140,A 1N5256 1N5335
1N5141,A 1N5257 1N5336
1N5142,A 1N5258 1N5337
1N5143,A 1N5259 1N5338
1N5144,A 1N5260 1N5339
1N5145,A 1N5261 1N5340
1N5146,A 1N5262 1N5341
1N5147,A 1N5263 1N5342
1N5148,A 1-3 1N5264 1N5343
1N5149 1-5 1N5265 1N5344
1N5150 1-5 1N5266 1N5345
1N5150A 1-8 1N5267 1N5346
1IN5151 1-10 1N5268 1N5347
1N5152 1-10 1N5269 1N5348
1IN5152A 1-8 1N5270 1N5349
1N5153 1-10 1N5271 1N5350
1N5153A 18 1N5272 1N5351
1N5154 1-13 1N5273 1N5352
1N5155 1-13 1N5274 _1N5353
1N5155A 1-8 1N5275 1N5354
1N5156 1-16 1N5276 1N5355
1N5157 1-16 1N5277 1N5356
1N5158 1-17 1N5278 1N5357
1N5159 1-17 1N5279 1N5358
1N5160 1-17 1N5280 Y 1N5359
1N5221 1-20 1N5281 1-20 1N5360
1N5222 1N5283 1-26 1N5361
1N5223 1N5284 1N5362
1N5224 1N5285 1N5363
1N5225 1N5286 1N5364
1N5226 1N5287 1N5365
1N5227 1N5288 1N5366
1N5228 1N5289 1N5367
1N5229 1N5290 1N5368
1N5230 1N5291 1N5369
1N5231 1N5292 1N5370
1N5232 1N5293 1N5371
1N5233 1N5294 1N5372
1N5234 1N5295 1N5373
1N5235 1N5296 1N5374
1N5236 1N5297 1N5375
1N5237 1N5298 1N5376
1N5238 1N5299 1N5377
1N5239 1N5300 1N5378
1N5240 1N5301 1N5379
1N5241 1N5302 1N5380
1N5242 1N5303 1N5381
1N5243 1N5304 1N5382
1N5244 1N5305 1N5383
1N5245 1N5306 1N5384
1N5246 1N5307 1N5385
1N5247 1N5308 1N5386
1N5248 1N5309 1N5387 Y
1N5249 \ 1N5310 Y 1N5388 1-30
1N5250 1-20 1IN5311 1-26 1N5441A,B,C 1-34

Xi




DEVICE VOL | PAGE DEVICE VOL | PAGE DEVICE VOL | PAGE
1N5442A,8,C 1-34 2N5052 2-11 2N5338 2-122
1N5443A,B,C 2N5060 2-13 2N5339 2-122
1N5444A,B,C 2N5061 2N5344 2-126
1N5445A,8,C 2N5062 l 2N5345 2-126
1N5446A,B,C 2N5063 2N5346 2-130
1N5447A,B,C 2N5064 2-13 2N5347 *
1N5448A,8,C 2N5067 2-17 2N5348
1N5449A,B,C 2N5068 2-17 2N5349 2-130
1N5450A,B,C 2N5069 2-17 2N5357 2-134
1N5451A,8,C 2N5070 2-21 | 2N5358 2-138
1N5452A,8B,C 2N5086 2-27 2N5359
1N5453A,B,C 2N5087 2-27 2N5360
1N5454A,8,C 2N5088 2-31 2N5361
1N5455A,8,C / 2N5089 2-31 2N5362
1N5456A,B,C 1-34 2N5090 2-35 2N5363
1N5461A,B,C 1-38 2N5108 2-38 2N5364 2-138
1N5462A,B,C 2N5109 2-41 2N5400 2-144
1N5463A,B,C 2N5146 2-47 2N5401 2-144
1N5464A,B,C 2N5155 2-49 2N5427 2-149
1N5465A,B,C 2N5157 1 1-651 2N5428 l
1N5466A,B,C 2N5160 2-51 2N5429
1N5467A,8,C 2N5161 2-54 2N5430 2-149
1N5468A,B,C 2N5162 2-54 2N5431 2-153
1N5469A,B,C 2N5164,R 2-58 2N5435 2-155
1N5470A,B,C 2N5165,R 2N5436
1N5471A,B,C 2N5166,R 2N5437
1N5472A,B,C 2N5167,R 2N5438
1N5473A,B,C 2N5168,R 2N5439
1N5474A,B,C 2N5169,R 2N5440 2-155
1N5475A,B,C ' 2N5170,R 2N5457 2-159
1N5476A,B,C 1-38 2N5171,R 2-58 2N5458 2-159
1N5518,A,B 1-42 2N5179 2-62 2N5459 2-159
1IN5519,A,B 2N5190 2-68 2N5460 2-160
1N5520,A,B 2N5191 2-68 2N5461
1N5521,A,B 2N5192 2-68 2N5462
1IN5522,A,B 2N5193 2-72 2N5463
IN5523.A.8 2N5194 2.72 2N5464 Y
1N5524,A,B 2N5195 272 2N5465 2-160
1N5525,A,B 2N5208 2-76 2N5471 2-163
1N5526,A,B 2N5209 2-81 2N5472
1N5527,A,B 2N5210 2-81 2N5473
1N5528,A,8B 2N5219 2-85 2N5474
1N5529,A,B 2N5220 2-86 2N5475 /
1N5530,A,B 2N5221 2-87 2N5476 2-163
1N5531,A,B 2N5222 2-88 2N5477 2-165
1N5532,A,B 2N5223 2-89 2N5478 ‘
1N5533,A,B 2N5224 2-90 2N5479
1N5534,A,B 2N5225 2-92 2N5480 2-165
1N5535,A,B 2N5226 2-93 2N5484 2-169
1N5536,A,B 2N5227 2-94 2N5485 2-169
1N5537,A,B 2N5228 2-95 2N5486 2-169
1N5538,A,B 2N5229 2-97 2N5550 2-171
1N5539,A,B 2N5230 2-97 2N5551 2-171
1N5540,A,B 2N5231 2-97 2N5555 2-176
1N5541,A,B 2N5241 2-101 2N5556 2-178
1N5542,A,B 2N5265 2-104 2N5557 2-178
1N5543,A,B 2N5266 2N5558 2-178
1N5544,A,B 2N5267 2N5581 I |2-255
1N5545,A,B / 2N5268 2N5582 1 2-255
1N5546,A,B 1-42 2N5269 2N5583 2-180
1N5758,A 1-45 2N5270 2-104 2N5589 2-184
1N5759,A 2N5301 2-110 2N5590 2-188
1N5760,A 2N5302 2-110 2N5591 2-191
1N5761,A § 2N5303 2-110 2N5629 2-194
1N5762,A 1-45 2N5324 2-114 2N5630 2-194
2N5016 2:3 2N5325 2-114 2N5631 2-194
2N5031 2-7 2N5334 2-118 2N5632 2-198
2N5032 2-7 2N5335 2-118 2N5633 2-198
2N5050 2-11 2N5336 2-122 2N5634 2-198
2N5051 2-11 2N5337 2-122 2N5635 2-202

X1




DEVICE VoL | PAGE DEVICE VOL | PAGE DEVICE VOL | PAGE
2N5636 2-202 2N5869 2-318 2N6070 2-400
2N5637 2-202 2N5870 2-318 2N6071
2N5638 2-210 2N5871 2-320 2N6072
2N5639 2-210 2N5872 2N6073
2N5640 2-210 2N5873 ‘ 2N6074
2N5641 2-212 2N5874 2-320 2N6075 2-400
2N5642 2-212 2N5875 2-322 2N6080 2-404
2N5643 2-212 2N5876 ; 2N6081 2-404
2N5644 2-218 2N5877 2N6082 2-408
2N5645 2-220 2N5878 2-322 2N6083 2-408
2N5646 2-222 2N5879 2-324 2N6084 2-408
2N5653 2-224 2N5880 'L 2N6094 2-412
2N5654 2-224 2N5881 2N6095 *
2N5655 2-226 2N5882 2-324 2N6096
2N5656 2-226 2N5883 2-326 2N6097 2-412
2N5657 2-226 2N5884 * 2N6116 2-420
2N5668 2-230 2N5885 2N6117 2-420
2N5669 2-230 2N5886 2-326 2N6118 2-420
2N5670 2-230 2N5887 2-328 2N6135 2-424
2N5679 2-232 2N5888 2N6136 2-428
2N5680 2-232 2N5889 2N6139 2-431
2N5681 2-234 2N5890 2N6140
2N5682 2-234 2N5891 2N6141
2N5683 2-236 2N5892 2N6142
2N5684 2-236 2N5893 2N6143
2N5685 2-238 2N5894 2N6144
2N5686 2-238 2N5895 2N6148
2N5692 2-240 2N5896 2N6149 /
2N5693 2N5897 2N6150 2-431
2N5694 l 2N5898 2N6151 2-435
2N5695 2N5899 2N6152
2N5696 2-240 2N5900 \ 2N6153
2N5716 2-242 2N5901 2-328 2N6154
2N5717 2-242 2N5941 2.333 2N6155 Y
2N5718 2-242 2N5942 2-333 2N6156 2-435
2N5745 1 1-786 2N5943 2-341 2N6157 2-439
2N5758 2-244 2N5944 2-349 2N6158
2N5759 2-244 2N5945 2-349 2N6159
2N5760 2-244 2N5946 2-349 2N6160
2N5763 2-248 2N5947 2-356 2N6161
2N5777 2-252 2N5974 2-360 2N6162
2N5778 ‘ 2N5975 2-360 2N6163
2N5779 2N5976 2-360 2N6164 '
2N5780 2-252 2N5977 2-364 2N6165 2-439
2N5793 2-254 2N5978 2-364 2N6166 2-441
2N5794 2-254 2N5979 2-364 2N6171 l 1-645
2N5795 2-256 2N5980 2-368 2N6172 ‘
2N5796 2-256 2N5981 2-368 2N6173 ‘
2N5829 2-258 2N5982 2-368 2N6174 1 1-645
2N5835 2-266 2N5983 2-372 2N6182 2-445
2N5836 2-266 2N5984 2-372 2N6183
2N5837 2-266 2N5985 2-372 2N6184
2N5841 2-272 2N5986 2-376 2N6185
2N5842 2-272 2N5987 2N6186
2N5843 2-278 2N5988 2N6187
2N5844 2-278 2N5989 2N6188
2N5845,A 2-280 2N5990 2N6189 2-445
2N5846 2-284 2N5991 2-376 2N6190 2-449
2N5847 2-284 2N6027 2-381 2N6191
2N5848 2-288 2N6028 2-381 2N6192 L
2N5849 2291 11 neo29 23842 | | 2N6193 2-449
2N5851 2-295 2N6030 2-384a 2N6226 2-453
2N5852 2-295 2N6031 2-384a 2N6227 2-453
2N5859 2-300 2N6049 2-388 2N6228 2-453
2N5860 2-300 2N6064 2-392 2N6229 2-457
2N5861 2-306 2N 6065 2-392 2N6230 2-457
2N5862 2-310 2N6066 2-392 2N6231 2-457
2N5864 2-314 2N6067 2-396 2N6233 2-461
2N5865 2-316 2N6068 2-400 2N6234 2-461
2N5867 2-318 2N6069 2-400 2N6235 2-461
2N5868 2-318

X




DEVICE VOL | PAGE DEVICE VOL | PAGE DEVICE VOL | PAGE
2N6236 2-465 %M1202 3-3 1M242 I | 159
2N6237 1M1302 1M272
2N 6238 1M1402 1M302
2N6239 1M150Z 1M332
2N6240 %M1752 / 1M362
2N6241 2-465 %M2002Z 33 1M392
2N 6255 2-467 .4AM.64FR10 35 1M432
2N6278 2-471 .4M1.36FR5 1M472
2N6279 .4M1.36FR2 1M512
2N6280 l .4M2.04FR5 Y 1M562
2N6281 2-471 .4M2.04FR2 35 1M622
3N124 2-475 1.5M6.82 I |18 1M682
3N125 2-475 1.5M7.5Z 1M752
3N126 2-:475 1.5M8.2Z 1M822
3N140 2-479 1.5M9.12 1M91Z
3N155,A 2-481 1.5M10Z 1M1002
3N156,A 2-481 1.5M112 1IM1102
3N157.A 2-485 1.5M122 1M1202
3N158 A 2-485 1.5M132 1M1302
3N169 2-490 1.5M152 1M150Z
3N170 2-490 1.5M162 1M1602 ¥
3N171 2-490 1.5M182 1M1802Z \
%M2.4AZ 3-3 1.5M20Z 1M2002 Y (159
%M2.7AZ 1.5M22Z 1M3.32510 I |1-108
%M3.0AZ 1.5M242 1M3.62510
%M3.3AZ 1.5M272 1M3.92S10
%M3.6AZ 1.5M30Z 1M4.32S10
%M3.9AZ 1.5M332 1M4.72S10
%M4.3AZ 1.5M362 1M5.12S10
%M4.7AZ 1.5M392 1M5.62S10
%MB5.1AZ 1.5M43Z 1M6.22S10
%M5.6AZ 1.5Ma72 1M6.82510
%M6.2AZ 1.5M512 1M7.52810
%M6.8Z 1.5M562 1M8.22S10
%M7.52 1.5M62Z 1M9.12S10
%M8.2Z 1.5M682 1mM10zs10
%M9.1Z 1.5M752 1M112810
%M10Z 1.5M822 1M12ZS10
%M11Z 1.5M912 1M132S10
%“M122 1.5M100Z2 1M152S10
%M13Z 1,5M110Z 1M162810
%M14Z 1.5M1202 1M182S10
%M15Z 1.5M1302 1M202S510
%M16Z 1.5M150Z 1M222510
%UM17Z 1.5M160Z 1M242S10
%M18Z 1.5M180Z \ 1M272510
%M19Z 1.5M200Z 1-58 1M302510
%M20Z 1M3.3AZ10 1-59 1M332510
%M22Z 1M3.6AZ10 1M362510
%M24Z 1M3.9AZ10 1M392S10
%M25Z 1M4.3AZ10 1M432S10
%M27Z 1M4.7AZ10 1M472510
%M30Z 1M5.1AZ10 1M512510
%M33Z 1M5.6AZ10 1M562510
%UM36Z 1M6.2AZ10 1M622S10
%M39Z 1M6.8AZ10 1M682S10
%Ma3Z 1M7.5AZ10 1M752510
%MA45Z 1M6.82 1M822S10
%Ma7Z 1M7.52 1M912510
%M50Z 1M8.22 1M1002S10
%M52Z 1M9.12 1M1102S10
%M56Z 1M10Z 1M1202510
%M62Z M11Z 1M1302510
%M68Z M12Z 1M150ZS10
%M75Z 1M13Z 1M160ZS10 !
%M82Z 1M15Z 1M1802S10 \
%M91Z 1M16Z 1M200ZS10 1-105
%M100Z 1M182Z 5M3.32S 1-30
%M1052 Y 1M20Z Y Y 5M3.62S +
%M110Z 3-3 1M22Z 1 | 159 5M3.92S

5M4.32S 1-30

X1V




DEVICE VOL | PAGE DEVICE VOL | PAGE DEVICE VOL | PAGE
5M4.72S 1-30 10M332 | 1-43 50M 1202 | 1-40
5M5.128 10M362 50M 1302
5M5.6ZS 10M392 50M 1402
5M6.0ZS 10M432Z 50M150Z
5M6.22S 10M472 50M1602
5M6.82Z2S 10M502 50M1752
5M7.52S 10M512 50M1802
5M8.228 10M522Z 50M2002 | 1-40
5M8.72S 10M562Z AF139 3-9
5M9.12S 10M622 AF239 3-12
5M102S 10M68Z BB105A,B,G 3-16
5M112S 10M752 BU105 3-243
5M122S 10M822Z MA100 3-20
5M132S 10M912 MA112
5M142S 10M 1002 MA113
5M152S 10M1052 MA114
5M162S 10M110Z MA115 )
5M172S 10M 1202 MA116
5M182ZS 10M130Z MA117 3-20
5M192ZS 10M140Z MA200 3-21
5M202S 10M150Z MA201
5M222S 10M1602 MA202
5M242S 10M180Z2 MA203
5M25ZS 10M200Z 1-43 MA204 !
5M272S 50M3.92 1-40 MA205
5M282S 50M4.32 MA206 3-21
5M302S 50M4.72 MA286 3-23
5M33ZS 50M5.12 MA?287 3-23
5M362S 50M5.6Z MA288 3-23
5M392S 50M6.22Z2 MAS881 3-24
5M432S 50M6.82 MAS882
5M472S 50M7.52 MA883
5M5128 50M8.22 M:ggg
5M562ZS M
5M602S ggM?(;ZZ MA886
5M622S 50M112 MA887
5M682ZS 50M122 MAS888 324
5M752S 50M132 MA889 -
5M822s MA909 3-26
5M872S 50M142 MA910 3-26
5M912S ggm:z; MA1703 3-27

MA1704

5M100ZS 50M172 o4
5M110ZS 50M182 _l\M/'AW07 ahs
5M1202s 50M192 MA17 3'29
5M130ZS 50M202 Ag1 a
5M140ZS 50M22Z MAcg
5M150ZS 50M242 mﬁc
5M160ZS 50M252 4
5M170ZS MACS5 A
5M180ZS 50M272 MAC6 3-29
5M1902S Y ggmgg; MAC10-1 3-33
5M200ZS 1-30 50M362 MAC10-2
10M6.82 | 1-43 50M392 MAC10-3
10M7.5Z2 50M43Z MAC10-4
10M8.22 50M452 MAC10-5
10M9.12Z 50M472 MAC10-6
10M102 50M502 MAC10-7
10M11Z 50M512 MAC10-8
10M122 MAC11-1
10M132 50M522 MAC11-2

50M562
e wasis
10M16Z S0Mé8z MAC11-5
10M182 50M752 MAC11-6
10M19Z o2z MAC11-7 Y
1020z sowooz | || |||t 3%
ooz Y 50M 1102 1| 1-40 Mace? Y
10M30Z I | 1-a3 MAC35-3 3-37

XV




DEVICE VOL | PAGE "DEVICE VOL | PAGE DEVICE VOL | PAGE
MAC35-4 3-37 -MCA2133 3-63 - MCR206 3-82:
MAC35-5 MCA2134 : MCR406-1 3-86
MAC35-6 MCA2211 - MCR406-2 * o
MAC35-7 MCA2212 MCR406-3 g
MAC36-1 MCA2213 MCR406-4 3-86
MAC36-2 MCA2214 . MCR407-1 3-90
MAC36-3 MCA2221 MCR407-2 ‘
MAC36-4 MCA2222 MCR407-3
MAC36-5 MCA2223 MCR407-4 3-90
MAC36-6 MCA2224 MCR649-1 3-92
MAC36-7 MCA2231 MCR649-2 ~
MAC37-1 MCA2232 MCR649-3
MAC37-2 MCA2233 Y - MCR649-4
MAC37-3 MCA2234 3-63 MCR649-5
MAC37-4 MCL1300 3-64 MCR649-6 \J
MAC37-5 MCL1301 MCR649-7 3-92
MAC37-6 MCL1302 MCR729-5 3-95
MAC37-7 MCL1303 \ MCR729-6
MAC38-1 MCL1304 3-64 MCR729-7
MAC38-2 MCRO51 3-66 MCR729-8
MAC38-3 MCRO052 MCR729-9 - Y
MAC38-4 MCRO053 MCR729-10 3-95
MAC38-5 MCRO54 3-66 MCR846-1 3-97
MAC38-6 \ MCR101 3-70 MCR846-2 ‘
MAC38-7 3-37 MCR102 . ‘ MCR846-3
MBD101 3-41 MCR103 MCR846-4 3-97
MBD102 3-42a MCR104 3-70 MCR1336-5 3-99
MBD501 3-43 MCR106-1 3-72 MCR1336-6
MBD502 3-45 MCR106-2 MCR1336-7
MBD701 3-43 MCR106-3 l MCR1336-8
MBD702 3-45 MCR106-4 3-72 MCR1336-9
MBD5300 3-47 MCR107-1 3-74 MCR1336-10 3-99
MBD5400 3:53 MCR107-2 MCR1718-5 3-101
MBD5500,A 3-55 MCR107-3 MCR1718-6 *
MBD5550,A 3-59 MCR107-4 MCR1718-7 .
MBS100 3-61 MCR107-5 . MCR1718-8 3-101
MCA1911 3-63 MCR107-6 MCR1906-1 3-103
MCA1912 MCR107-7 MCR1906-2 *
MCA1913 MCR107-8 3-74 MCR1906-3 '
MCA1914 MCR115 3-76 MCR1906-4 3-103
MCA1921 MCR120 3-76 MCR1907-1 3-105
MCA1922 MCR154-10 3-78 MCR1907-2 *
MCA1923 MCR154-20 MCR1907-3
MCA1924 MCR154-30 MCR1907-4 3-105.
MCA1931 MCR154-40 MCR2315-1 3-108
MCA1932 MCR154-50 MCR2315-2
MCA1933 MCR154-60 MCR2315-3
MCA1934 MCR155-10 MCR2315-4
MCA2011 MCR1565-20 MCR2315-5 f
MCA2012 MCR155-30 MCR2315-6 3-108
MCA2013 MCR155-40 MCR2604-1 1| 2721
MCA2014 MCR155-50 MCR2604-2
MCA2021 MCR155-60 MCR2604-3
MCA2022 MCR156-10 MCR2604-4
MCA2023 MCR156-20 MCR2604-5
MCA2024 MCR156-30 MCR2604-6
MCA2031 MCR156-40 . MCR2604-7
MCA2032 MCR156-50 - MCR2604-8
MCA2033 MCR156-60 MCR2605-1
MCA2034 MCR157-10 'MCR2605-2
MCA2111 MCR157-20 MCR2605-3
MCA2112 MCR157-30 MCR2605-4
MCA2113 MCR157-40 L MCR2605-5
MCA2114 MCR157-50 MCR2605-6
MCA2121 -MCR157-60 3-78 - MCR2605-7 \ Y
MCA2122 MCR201 3-82 MCR2605-8 | 2-721
MCA2123 MCR202 : MCR2614L.-1 3-108
MCA2124 ! MCR203 MCR2614L-2 J
MCA2131 . Y MCR204 MCR2614L-3
MCA2132 3-63 MCR205 382 MCR2614L-4 3-108

XVi




DEVICE VOL | PAGE DEVICE VOL | PAGE DEVICE VOL | PAGE
MCR2614L-5 3-108 MDA942-1 3-167 MFE2004 3-194
MCR2614L-6 3-108 MDA942-2 MFE2005 3-194
MCR3818-1 3-110 MDA942-3 MFE2006 3-194
MCR3818-2 MDA942-4 MFE2007 3-196
MCR3818-3 MDA942-5 MFE2008 3-196
MCR3818-4 MDA942-6 MFE2009 3-196
MCR3818-5 MDA952-1 MFE2010 3-198
MCR3818-6 MDA952-2 MFE2011 3-198
MCR3818-7 MDA952-3 MFE2012 3-198
MCR3818-8 MDA952-4 MFE2093 3-200
MCR3835-1 MDA952-5 \J MFE2094 3-200
MCR3835-2 MDA952-6 3-167 MFE2095 3-200
MCR3835-3 MDA952FR-1 3-171 MFE2133 3-201
MCR3835-4 MDA952FR-2 MFE3001 3-203
MCR3835-5 MDA952FR-3 MFE3002 3-205
MCR3835-6 MDA952FR-4 / MFE3003 3-206
MCR3835-7 MDA952FR-5 3-171 MFE3004 3-207
MCR3835-8 MDA962-1 3-167 MFE3005 3-207
MCR3918-1 MDA962-2 MFE3006 3-209
MCR3918-2 MDA962-3 1 MFE3007 3-209
MCR3918-3 MDA962-4 MFE3008 3-209
MCR3918-4 MDA962-5 3-167 MFE3020 3-215
MCR3918-5 MDA970-1 3-172 MFE3021 3-215
MCR3918-6 MDA970-2 3-172 MFE4007 3-217
MCR3918-7 MDA970-3 3-172 MFE4008
MCR3918-8 3-110. MDA972-1 3-167 MFE4009
MCR3935-1 3-112 MDAS972-2 MFE4010
MCR3935-2 MDAS972-3 MFE4011
MCR3935-3 MDA972-4 § MFE4012 3-217
MCR3935-4 MDA972-5 3-167 MHQ2221 3-223
MCR3935-5 MDA980-1 3-176 MHQ2222 3-223
MCR3935-6 MDA980-2 MHQ2369 3-225
MCR3935-7 r MDA980-3 MHQ2483 3-227
MCR3935-8 3-112 MDA980-4 MHQ2484 3-227
MD708,A,B,F 3-114 MDA980-5 MHQ2906 3-229
MD918,A,B,F 3-116 MDA980-6 MHQ2907A 3-229
MD984 3-118 MDA990-1 MHQ3250 3-231
MD986 3-120 MDA990-2 MHQ3251A 3-231
MD1120 3-122 MDA990-3 MHQ3467 3-233
MD1121 3-122 MDAS90-4 MHQ3546 3-235
MD1122 3-122 MDA990-5 Y MHQ3798 3-237
MD1129 3-124 MDA990-6 3-176 MHQ3799 3-237
MD1130 3-126 MDA1330H 3-182 MHQ6001 3-239
MD1132 3-128 MDA1331H * MHQ6002 3-239
MD2218 3-130 MDA1332H MHQG6100 3-241
MD2219 3-132 "MDA1333H 3-182 MHQ6100A 3-241
MD2369 3-134 MDA1491-1 3-167 MJ105 3.243
MD2904 3-136 MDA1491-2 MJ400 3-247
MD2905 3-138 MDA1491-3 MJ410 3-249
MD3250,A,F,AF 3-140 MDA1491-4 MJ411 3-249
MD3251,A,F,AF 3-140 MDA1491-5 MJI413 3-251
MD3467 3-144 MDA1491-6 MJ420 3-253
MD3725 3-146 MDA1505-1 MJ421 3-253
MD3762 3-148 MDA 1505-2 MJ423 3-251
MD4957 3-150 MDA1505-3 MJ424 3-255
MD5000,A,B 3-154 MDA1505-4 MJ425 3-255
MD6001,F 3-156 MDA1505-5 mMJa31 3-251
MD6002,F 3-156 MDA 1505-6 MJ450 3-257
MD6003,F 3-158- MDA1591-1 MJ480 3-259°
MD6100 3-160 MDA1591-2 MJ481 3-259
MDA920 3-161 MDA1591-3 MJ490 3-261
MDA922-1 3-163 MDA1591-4 MJ491 3-261
MDA922-2 MDA1591-5 \ MJ500 3-263
MDA922-3 MDA1591-6 3-167 MJ501 3-263
MDA922-4 MF3304 3-186 MJg802 3-265
MDA922-5 MFE120 3-188 MJ900 3-267
MDA922-6 MFE121 3-188 MJ901 ‘
MDA922-7 MFE122 3-188 MJ1000
MDA922-8 ) MFE2000 3-192 MJ1001 3-267
MDA922-9 . 3-163 MFE2001 3-192 MJ1800 3-269

XV




DEVICE VOL | PAGE DEVICE VOL | PAGE DEVICE VOL | PAGE
MJ2249 3-271 MJE702 3-3356 MJES5193 2-72
MJ2250 3-271 - MJE703 3-335 MJE5194 2-72
MJ2251 3-273 MJE710 3-337 MJE5195 2-72
MJ2252 3-273 MJE711 3-337 MJEGE655 2-226
MJ2267 3-275 MJE712 3-337 MJIES5656 2-226
MJ2268 3-275 MJE720 3-339 MJE5657 2-226
MJ2500 3-277 MJE721 3-339 MJE5974 2-360
MJ2501 3-277 MJE222 3-339 MJE5975 2-360
MJ2801 3-279 MJE800 3-335 MJES976 2-360
MJ2840 3-281 MJE801 l MJES977 2-364
MJ2841 3-281 MJE802 MJES978 2-364
MJ2901 3-279 MJE803 3-335 MJE5979 2-364
MJ2940 3-283 MJE1090 3-341 MJE5S980 2-368
MJ2941 3-283 MJE1091 MJE5981 2-368
MJ3000 3-277 MJE 1092 MJES5982 2-368
MJ3001 3-277 MJE1093 MJE5983 2-372
MJ3026 3-289 MJE1100 MJE5984 2-372
MJ3027 3-289 MJE1101 MJE5985 2-372
MJ3028 3-291 MJE1102 MLEDS50 3-372
MJ3029 3-293 MJE1103 3-341 MLED55 3-372
MJ3030 3-293 MJE1290 3-343 MLEDG60 3-374
MJ3101 3-271 MJE1291 * MLED90 3-374
MJ3201 3-295 MJE1660 MLED600 3-376
MJ3202 3-295 MJE1661 3-343 MLED610 3-378
MJ3430 3-297 MJE2010 3-345 MLED630 3-380
MJ3771 1 2-606 MJE2011 * MLED900 3-382
MJ3772 1 2-606 MJE2020 MLED910 3-384
MJ4000 3-299 MJE2021 3-345 MLED930 3-386
MJ4001 MJE2360 3-347 MM380 3-388
MJ4010 l MJE2361 3-347 MM404 3-390
MJ4011 3-299 MJE2370 3-348 MM404A 3-390
MJ4030 3-301 MJIE2371 3-348 MM8698 | 2-113
MJ4031 MJE2480 3-350 MM1139 3-392
MJ4032 MJE2481 & MM1500,A 3-395
MJ4033 MJE2482 MM1501,A 3-395
MJ4034 MJE2483 3-350 MM1553 3-397
MJ4035 3-301 MJE2490 3-352 MM 1620 3-401
MJ4502 3-303 MJE2491 3-352 MM 1748 3-404
MJ4645 3-305 MJE2520 3-354 MM1803 1 2-435
MJ4646 3-305 MJE2521 ‘ MM1812 3-406
MJ4647 3-305 MJE2522 MM1941 3-408
MJ6700 3-307 MJE2523 3-354 MM2258 3-410
MJ6701 3-307 MJE2801 3-356 MM2259 3-410
MJ7000 3-309 MJE2801K 3-356 MM2260 3-410
MJ7200 3-311 MJE2901 3-358 MM2483 3-413
MJ7201 3-311 MJE2901K 3-358 MM2894A 3-415
MJ8100 3-313 MJE2955 3-360 MM3000 3-417
MJ8101 3-313 MJE2955K 3-360 MM3001 ‘
MJ8400 3-315 “MJE3054 3-362 MM3002
MJ9000 3-317 MJE3055 3-364 MM3003 3-417
MJE105 3-319 MJE3055K 3-364 MM3005 3-418
MJE105K 3-319 MJE3370 3-327 MM3006 3-418
MJE205 3-321 MJE3371 3-329 MM3007 3-418
MJE205K 3-321 MJE3439 3-366 MM 3008 3-420
MJE340 3-323 MJE3440 3-366 MM3009 3-420
MJE340K 3-323 MJE3520 3-331 MM3375 3-422
MJE341 3-325 MJE3521 3-333 MM3375A 3-424
MJE341K ‘ MJE3738 3-368 MM3724 3-426
MJE344 MJE3739 3-368 MM3725 3-426
MJE344K 3-325 MJE3740 3-370 MM3726 3-430
MJE370 3-327 MJE3741 3-370 MM3903 3-434
MJE370K 3-327 MJE4918 1 | 1-860 MM3904 3-434
MJE371 3-329 MJE4919 1-860 MM3905 3-439
MJE371K 3-329 MJE4920 1-860 MM3906 3-439
MJE520 3-331 MJE4921 1-864 MM4000 3-444
MJE520K 3-331 MJE4922 1-864° MM4001 ‘
MJE521 3-333 MJE4923 | 1-864 MM4002
MJE521K 3-333 MJES5190 2-68 MM4003 3-444
MJE700 3-335 MJE5191 2-68 MM4018 3-445
MJE701 3-335 MJE5192 2-68 MM4019 3-447

XVih




DEVICE VOL | PAGE DEVICE VOL | PAGE DEVICE VOL | PAGE
MM4049 3-451 MP505 3.550 MPS3705 3.633
MM4052 3-453 MP506 3-550 MPS3706
MM4208 3.455 MP525 3-552 MPS3707
MM4208A | MP600 3-554 MPS3708
MM4209 MP601 * MPS3709
MMA4209A 3-455 MP602 MPS3710
MMA4261H 3-457 MP603 3554 MPS3711
MM5000 3-465 MP800 3.556 MPS3721 3.633
MM5001 MP801 3.556 MPS3725 3-636
MM5002 MP900 3-558 MPS4354 3.640
MM5005 MP901 3.558 MPS4355 3640
MM5006 MP902 3.558 MPS4356 3.640
MM5007 3.466 MP1612,A,B 3-560 MPS5172 3-644
MM8000 3.469 MP1613 3562 MPS6507 3.646
MM8001 3-469 MP2000A 3-564 MPS6511 3-649
MM8003 3.471 MP2060 3-568 MPS6512 3-652
MM8006 3.473 MP2061 ‘ MPS6513
MM8007 3.473 MP2062 MPS6514
MM8008 3.477 MP2063 3568 MPS6515
MM8009 3.481 MP2100A 3564 MPS6516
MM8010 3-477 MP2200A l MPS6517
MM8011 3-477 MP2300A MPS6518
MMD70 3.494 MP2400A 3-564 MPS6519 3-652
MM D6050 3.495 MP3730 3572 MPS6520 3.654
MMD6100 \ MP3731 3572 MPS6521 ‘
MMD6150 MP5692 2-240 MPS6522
MMD7000 3.495 MP5693 2.240 MPS6523 3.654
MMD7001 3-497 MPA-10 3574 MPS6530 3.656
MMF1 3-499 MPE102 3676 MPS6531
MMF2 MPF108 3577 MPS6532
MMF3 MPF109 3579 MPS6533
MMF4 MPF111 3581 MPS6534
MMES MPF112 3582 MPS6535 3-656
MMF6 3.499 MPF120 3.583 MPS6539 3.658
MMT70 3.501 MPF121 3-583 MPS6540 3659
MMT71 3502 MPF122 3583 MPS6542 3661
MMT72 3-503 MPF161 3587 MPS6543 3-665
MMT73 3-505 MPF820 3.589 MPS6544 3.667
MMT174 3-507 MPF 1000 3501 MPS6545 3.667
MMT175 3-508 MPN3401 3595 MPS6546 3-669
MMT176 3-508 MPN3402 3595 MPS6547 3.669
MMTE06 3511 MP Q3303 3597 MPS6548 3673
MMT807 3513 MPQ3725 3-599 MPS6560 3.674
MMT808 3-515 MPS404,A 3.602 MPS6561 ‘
MMT809 3-517 MPS706,A 3606 MPS6562
MMT918 3-484 MPS834 3-608 MPS6563 3.674
MMT930 3-486 MPS918 3610 MPS6565 3.678
MMT2222 3-488 MPS2369 3612 MPS6566 3-678
MMT2369 3-490 MPS2711 3614 MPS6567 3-681
MMT2484 3.486 MPS2712 3614 MPS6568,A 3.683
MMT2857 3819 | ups2713 3616 | | MPS6569 3-687
MMT2907 3-492 MPS2714 3-616 MPS6570 3-687
MMT3014 3-521 MPS2923 3618 MPS6571 3691
MMT3546 3-523 MPS2924 3618 MPS-A05 3-693
MMT3798 3.525 MPS2925 3618 MPS-A06 3.693
MMT3799 3525 MPS2926 3619 MPS-A09 3.695
MMT3823 3527 MPS3392 3-620 MPS-A12 3-697
MMT3903 3529 MPS3393 | MPS-A13 3-699
MMT3904 3529 MPS3394 MPS-A14 3699
MMT3905 3531 MPS3395 3-620 MPS-A16 3-702
MMT3906 3531 MPS3563 3610 MPS-A17 3.702
MMT3960 3633 MPS3638,A 3.622 MPS-A18 3704
MMT3960A 3535 MPS3639 3.624 MPS-A20 3706
MMT8015 3537 MPS3640 3627 MPS-A42 3710
MOC1000 3542 MPS3646 3629 MPS-A43 3710
MP110 3546 MPS3693 3-631 MPS-A55 3712
MP110B | 3548 MPS3694 3-631 MPS-A56 3712
MP500 3.550 MPS3702 3-632 MPS-A65 3.714
MP501 I MPS3703 3.632 MPS-A66 3714
MP502 MPS3704 3633 MPS-A70 3.717
MP504 3550

XX




DEVICE VoL | PAGE DEVICE VOL | PAGE DEVICE VOL | PAGE
MPS-A92 3721 MR510 3818 MR1120 3-860
MPS-A93 3-721 MR751 3-819 MR1121
MPS-H02 3-723 MR752 * MR1122
MPS-H04 3-726 MR754 MR1123
MPS-HD5 3-726 MR756 3-819 MR1124
MPS-HO7 3-730 MR810 3823 MR1125
MPS-H08 3-730 MR811 MR1126 {
MPS-H10 3734 MR812 MR1128 §
MPS-H11 3-734 MR814 MR1130 3-860
MPS-H19 3-737 MR816 MR 1200 3864
MPS-H20 3-739 MR817 MR1201
MPS-H24 3742 MR818 3-823 MR1202
MPS-H30 3-745 MR820 3829 MR1203
MPS-H31 3-745 MR821 MR1205
MPS-H32 3-749 MR822 MR1207 l
MPS-H34 3-753 MR824 MR 1208 §
MPS-H37 3-756 MR826 3-829 MR1209 3-864
MPS-H54 3-758 MR830 3-837 MR1210 3-867
MPS-H55 3-758 MR831 MR1211
MPS-H83 3-762 MR832 MR1212
MPS-K20. 3-706 MR833 MR1213
MPS-K21 3-706 MR834 MR1214
MPS-K22 3-706 MR835 MR1215
MPS-K70 3-717 MR836 MR1216
MPS-K71 3-717 MR840 MR1217 i
MPS-K72 3-717 MR841 MR1218
MPS-L01 3-766 MR842 MR1219 3-867
MPS-L07 3771 . MR844 Y MR1220 3871
MPS-L08 3771 MR846 3-837 MR1221
MPS-L51 3773 MR850 3838 MR1222
MPS-UO01,A 3-778 MR851 MR 1223
MPS-U02 3-780 MR852 MR1225
MPS-U03 3-782 MR854 Y MR1227
MPS-U04 3-782 MR856 3-838 MR1228 A\
MPS-U05 3-783 MR860 3846 MR1229 3-871
MPS-U06 3-783 MR861 MR 1230 3874
MPS-U07 3785 MR862 MR1231
MPS-U10 3-787 MR864 MR1232
MPS-U45 3-791 MR866 3846 MR1233
MPS-U51,A 3-795 MR870 3-852 MR1235
MPS-U52 3-797 MR871 MR1237
MPS-US5 3-799 MR872 MR1238 \
MPS-U56 3-799 MR874 Y MR1239 3874
MPS-U57 3-801 MR876 3-852 MR1240 3877
MPS-U60 3-803 MR1241
MPS-U95 3-805 x:ggﬁ’: 3858 MR1242
MPT20 3-809 MR992A MR1243
MPT28 3811 MRO93A MR1245
MPT32 3-811 MRSS4A MR1247
MPZ5-16 3-813 MRS9EA { MR1248 ¥
MPZ5-32 3813 g MR1249 3877
| | | ez
MQ3467 3-144 MR1031 MR1261
MQ3725 3-146 MR1032 MR 1262
MQ3762 3-148 MR1033 MR1263
MQ3799,A 3815 MR1034 MR1265
MR322 1| 151 MR1035 MR1267 -
MR323 MR 1036 MR1268 3879
MR324 MR1038 \ MR 1269 3881
MR325 MR1040 1| 1103 MR1290
MR326 MR1291
MR327 MR1292
MR328 MR1293
MR330 \ MR1295
MR331 1181 MR1297
MR501 3-818 MR1298 \
MR502 MR1299 3-881
MR504 MR 1337 3-883
MR506 / MR1366 | 1-65
MR508 3-818 MR1376 {171

XX




DEVICE VOL | PAGE DEVICE VOL | PAGE DEVICE VOL | PAGE
MR1386 1 1-77 MRF8004 3-943 MV1817A,B 3-981
MR 1396 ! 1-83 MSD6100 3-945 MV1817A1,B1 3-981
MR1810 3-867 MSD6101 3-947 MV 1858D 3-983
MR1811 MSD6102 3-949 MV 1860D
MR1812 MSD6150 3-951 MV 1862D
MR1813 MSD7000 3-953 MV 1863D
MR1814 Mu8s1 3-955 MV 1864D
MR 1815 MU852 3-955 MV 1865D 3-983
MR1816 MuU853 3-955 MV 1866 3-987
MR1817 MU4891 3-957 MV 1866D 3-983
MR 1818 Y MU4892 l MV 1868 3.987
MR1819 3-867 MU4893 MV 1868D 3-983
MR2080HA 3-886 MU4894 3-957 MV 1870 3-987
MR2081HA MUS4987 3-959 MV1870D 3-983
MR2082HA MuUs4988 3-959 MV 1871 3-987
MR2083HA A\ MV 104 3-963 MV 1872
MR2084HA 3-886 MV 109 3-965 MVv1874
MR2100HA 3-888 MV830 3-967 MV 1876
MR2101HA MvV831 MVv1877
MR2102HA MVv832 MV 1878 3-987
MR2103HA \ MVv833 MV2101 3-991
MR2104HA 3-888 Mvas4a MV2102
MR2266 3-890 MV835 MV2103
MR2271 1 1-111 MV836 MV2104
MR2272 3-892 Mv837 MV2105
MR2273 3-890 Mv8ss MV2106
MRA130 3-894 MV839 Y MV2107
MRA131 MV840 3-967 MV2108
MRA132 MV 1401 3-969 MV2109
MRA133 MV 1403 MV2110
MRA134 3-894 MV 1404 L MV2111
MRA160 3-896 MV 1405 3.969 MV2112
MRA161 i MV 1620 3-971 MV2113
MRA162 1 MV 1622 MV2114 \
MRA163 i MV 1624 MV2115 3-991
MRA164 3-896 MV 1626 MV2201 3-995
MRA330 3-898 MV 1628 MV2203 *
MRA331 MV 1630 MV2205
MRA332 MV 1632 MV2209 3-995
MRA333 MV 1634 MV2301 3-997
MRA334 3-898 MV 1636 MV 2302
MRA360 3-900 MV 1638 MV2303
MRA361 MV 1640 MV2304
MRA362 1 MV 1642 MV2305
MRA363 MV 1644 MV2306
MRA364 3-900 MV 1646 MV2307
MRD14B 2-252 MV 1648 \ MV2308 3-997
MRD100 3-902 MV 1650 3-971 MV3102 3-999
MRD150 3-902 MV 1652 3972 MV3103 3-999
MRD200 3-906 MV 1654 MV3140 3-1001
MRD210 3-909 MV 1656 MV3141 3-1001
MRD250 3-913 MV 1658 MV3142 3-1001
MRD300 3-917 MV 1660 MV 3501 3-1003
MRD310 3-917 MV 1662 MV 3502
MRD450 3.921 MV 1664 \ MV 3503
MRD500 3-925 MV 1666 3-972 MV3504
MRDS501 3-925 MV 1804 1 1-98 MV 3505
MRD600 3-929 MV 1805C 3-974 MV 3506 \4
MRD810 3-933 MV 1806 | 1-99 MV 3507 3-1003
MRD3050 3-935 MV 1806C 15 MZ70-2.4,A,B 3-1005
MRD3051 MV 1807C 1-5 MZ70-2.5,A,B
MRD3052 ‘MV1807C1 18 MZ70-2.7,A.B
MRD3053 MV 1808A,B,C 1-10 MZ70-2.8,A,B
MRD3054 MV 1808B1,C1 1-8 MZ70-3.0,A,B
MRD3055 MV1809C,C1 3-977 MZ70-3.3,A,B
MRD3056 3-935 MV1810A,B 1-13 MZ70-3.6,A,B
MRD60339D 3-939 MV181081 1-18 MZ270-3.9,A,B
MRD6039T 3-939 MV1812A,B 1-16 MZ70-4.3,A,B
MRF501 3-941 MV1816A,B 3-979 MZ70-4.7,A,B 4
MRF502 3-941 MV 1816A1,B1 3-979 MZz70-5.1,A,8 3-1005

XX




DEVICE VOL | PAGE DEVICE VOL | PAGE DEVICE VOL | PAGE
MZ70-5.6,A,B 3-1005 MZ92-11 3-1011 MZ500-30 3-1013
MZ70-6.0,A,B MZ92-12 MZ500-31
MZ70-6.2,A,B MZ92-13 MZ500-32
MZ70-6.8,A,B MZ92-14 MZ500-33
MZ70-7.5,A,B MZ92-15 MZ500-34
MZ70-8.2,A,B MZ92-16 MZ500-35
MZ70-8.7,A,B MZ92-17 MZ500-36
MZz70-9.1,A,B MZ92-18 MZ500-37
MZ70-10,A,B MZ92-19 MZ500-38
MZ70-11,A,B MZ92-20 MZ500-39 Y
MZ70-12,A,B MZ92-22 MZ500-40 3-1013
MZ70-13,A,B MZ92-24 MZ605 3-1015
MZ70-14,A,B MZ92-25 MZ610
MZ70-15,A,B MZ92-27 MZ620
MZ70-16,A,B MZ92-28 MZ640
MZ270-17,A,B MZ92-30 MZ805 {
MZ70-18,A,B MZ92-33 MZ810
MZ70-19,A,8B MZ92-36 MZ820 3-1015
MZ70-20,A,B MZ92-39 MZ821,A 3-1018
MZ70-22,A,B MZ92-43 MZ823,A
MZ70-24,A,B MZ92-47 MZ825,A
MZ70-25,A,B MZ92-51 mMz827,A
MZ70-27,A,B MZ92-56 MZ829,A
MZ70-28,A,B MZ92-60 MZ935,A,B
MZ70-30,A,B MZ92-62 MZ936,A,8
MZ70-33,A,B MZ92-68 MZ937,A,B
MZ70-36,A,B MZ92-75 MZ938,A,B Y
MZ70-39,A,B MZz92-82 MZ939,A,B 3-1018
MZ70-43,A,B MZ92-87 MZ840 3-1015
MZ70-47,A,8 MZ92-91 Mz941,A,B 3-1018
MZ70-51,A,B MZ92-100 MZ942,A,B
MZ70-56,A,8 MZ92-110 MZ943,A,B
MZ70-60,A,B MZ92-120 MZ944,A,8
MZ70-62,A.B MZz92-130 MZ945,A,B /
MZ70-68,A,B MZ92-140 MZ946,A,B 3-1018
MZz70-75,A,B MZ92-150 MZ1000-1 3-1026
MZ70-82,A,B MZ92-160 MZ1000-2
MZz70-87,A,B MZ92-170 MZ1000-3
MZ270-91,A,B MZ92-180 MZ1000-4
MZ70-100,A,B MZ92-190 : MZ1000-5
MZ70-110,A,B MZ92-200 3-1011 MZ1000-6
MZ70-120,A,B MZ500-1 3-1013 MZ1000-7
MZ70-130,A,B MZ500-2 MZ1000-8
MZ70-140,A,B MZ500-3 MZ1000-9
MZ70-150,A,B MZ500-4 MZ1000-10
MZ70-160,A,B MZ500-5 MZ1000-11
MZ70-170,A,B MZ500-6 MZ1000-12
MZ70-180,A,B MZ500-7 MZ1000-13
MZ70-190,A,B \ MZ500-8 MZ1000-14
MZ70-200,A,B 3-1005 MZ500-9 MZ1000-15
MZ92-2.4 3-1011 MZ500-10 MZ1000-16
MZz92-2.5 MZ500-11 MZ1000-17
MZ92-2.7 MZ500-12 MZ1000-18
MZ92-2.8 MZ500-13 MZ1000-19
MZ92-3.0 MZ500-14 MZ1000-20
MZ92-3.3 MZ500-15 MZ1000-21
MZ92-3.6 MZ500-16 MZ1000-22
MZ92-3.9 MZ500-17 MZ1000-23
MZ92-4.3 MZ500-18 MZ1000-24
MZ92-4.7 MZ500-19 MZ1000-25
MZ92-5.1 MZ500-20 MZ1000-26
MZ92-5.6 MZ500-21 MZ1000-27
MZ92-6.0 MZ500-22 MZ1000-28
MZ92-6.2 MZ500-23 MZ1000-29
MZ92-6.8 MZ500-24 MZ1000-30
MZ92-7.5 MZ500-25 MZ1000-31
MZz92-8.2 MZ500-26 MZ1000-32
MZ92-8.7 4 MZ500-27 MZ1000-33 |
MZ92-9.1 i MZ500-28 / MZ1000-34 f
MZ92-10 3-1011 MZ500-29 3-1013 MZ1000-35 3-1026
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MZ1000-36 3-1026 MZ3157,A 3-1018 MZ4621 | 1-94
MZ1000-37 3-1026 MZ4614 | 1-94 MZ4622
MZ2360 3-5 MZ4615 MZ4623
MZ2361 3-5 MZ4616 MzZ4624
MZ2362 3-5 MZ4617 MZ4625
MZ3154,A 3-1018 MZ4618 MZ4626
MZ3155 A 3-1018 MZ4619 MZ4627 ) 1-94
MZ3156,A 3-1018 MZ4620 | 1-94
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IN... JEDEC REGISTERED
DEVICE SPECIFICATIONS

DIODES

Zener

4-Layer

Current Regulator

POWER VARACTORS

Tuning Diodes

LIGHT EMITTING DIODE

TRIGGERS







1n5139,A thru 1n5148,A (siLicon)

CASE 51
(DO-7)

Polarity band on
cathode end

Silicon voltage-variable capacitance diodes, designed
for electronic tuning and harmonic-generation applica-
tions, and providing solid-state reliability to replace
mechanical tuning methods.

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

Rating Symbol Value Unit
Reverse Voltage VR 60 Vdc
Forward Current IF 250 mAdc
RF Power Inputt Pin* 5.0 Watts
Device Dissipation @ Ty = 25°C PD 400 mwW
Derate above 25°C 2.67 mw/"C
Device Dissipation @ TC =25°C PC 2.0 Watts
Derate above 25°C 13.3 mW/C
Junction Temperature TJ +175 C
Storage Temperature Range Tstg -65 to +200 °C

tThe RF power input rating assumes that an adequate heat sink is provided.

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

Characteristic—All Types Test Conditions Symbol Min Typ Max Unit
Reverse Breakdown Voltage Ig = 10 pAdc Byp 60 70 —_ Vdc
Reverse Voltage Leakage Current VR =55 Vde, Ty = 25°C I —_ _— 0.02 uAde

VR = 55 Vdc, T = 150°C - - 20
Series Inductance = 250 MHz, L ~ 1/16”’ Lg —_ 5.0 —_— nH
Case Capacitance f= 1MHz, L~ 1/16” Cc —_ 0.25 —_— pF
Diode Capacitance Temperature
Coefficient VR = 4 Vdc, = 1 MHz TCc —_ 200 300 ppm/°C
C,, Diode Capacitance Q, Figure of Merit a TR, T“"/"Eg Ratio
V=4 Vde, f= 1 MHz Vp=4Vde, | Vo=4Vde,f=1MH fg‘”ﬁo
pF £= 50 MHz =1 MHe
Device Min Typ Max Min Min Typ Min Typ
1N5139 6.1 6.8 7.5 350 0:37 0.40 2.7 2.9
IN5139A 6.5 6.8 7.1 350 0.37 0.40 2.1 2.9
1N5140 9.0 10.0 11.0 300 0.38 0.41 2.8 3.0
IN5140A 9.5 10.0 10.5 300 0.38 0.41 2.8 3.0
1N5141 10.8 12.0 13.2 300 0.38 0.41 2.8 3.0
1N5141A 11.4 12.0 12.6 300 0.38 0.41 2.8 3.0
1N5142 13.5 15.0 16.5 250 0.38 0.41 2.8 3.0
1N5142A 14.3 15.0 15.7 250 0.38 0.41 2.8 3.0
1N5143 16.2 18.0 19.8 250 0.38 0.41 2.8 3.0
1N5143A 17.1 18.0 18.9 250 0.38 0.41 2.8 3.0
1N5144 19.8 22.0 24.2 200 0.43 0.45 3.2 3.4
IN5144A 20.9 22.0 23.1 200 0.43 0.45 3.2 3.4
IN5145 24.3 27.0 290.7 200 0.43 0.45 3.2 3.4
IN5145A 25.7 27.0 28.3 200 0.43 0.45 3.2 3.4
1N5146 29.7 33.0 36.3 200 0.43 0.45 3.2 3.4
1N5146A 31.4 33.0 34.8 200 0.43 0.45 3.2 3.4
1N5147 36.1 39.0 42.9 200 0.43 0.45 3.2 3.4
1NS147TA 37.1 39.0 40.9 200 0.43 0.45 3.2 3.4
1N5148 42.3 47.0 51.7 200 0.43 0.45 3.2 3.4
IN5148A 44.7 47.0 49.3 200 0.43 0.45 3.2 3.4




1N5139, A thru TN5148, A (continued)

FIGURE 1 — DIODE CAPACITANCE

versus REVERSE VOLTAGE
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iNn5149 (siLicon)

(MV1806C)
in5150
(MV1807C) Siliconhigh-frequency step-recovery power varactors
for 100 MHz to 2.0 GHz harmonic-generation applications
CASE 47 with output power to 25 watts at 1.0 GHz.
cathode

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

Rating Symbol | Value Unit
Reverse Voltage VR 80 Vdce
Forward Current IF 1.0 Amp
RF Power Input IN5149 P, 25 Watts
IN5150 n 40
Total Device Dissipation @ TA =75°C 1N5149 P 10 Watts
IN5150 D 14
Derate above 75°C 1N5149 0.08 w/°C
1N5150 0.11
Junction Temperature TJ +200 °C
Storage Temperature Range Tstg -65 to +200 °C

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

Characteristic Symbol Test Conditions Min | Typ | Max | Unit
Reverse Breakdown Voltage BVR IR =10 pAdc 80 90 - Vdc
Reverse Current IR VR =70 Vde —_ —_— 2.0 |uAdc

VR =70 Vde, TA =150°C| — _ 100
Diode Capacitance Cr |Vg=6Vde, f=1.0MHz 5,0 | 11.5 20 pF
Figure of Merit Q VR =6 Vdc, f = 50 MHz — 800 —_ -
Thermal Resistance %c | IN5150 —_ —_ 9.0 |°C/W

FUNCTIONAL TEST

1N5149
RF Power Output Pt Tgst S_e;\(l)pvfigute 1 1 | — | — |Watts
in ~
fin =0.5 GHz
Doubler Efficiency n f  =1.0 GHz 55 — — %
out :
1N5150
RF Power Output Pout T;St ﬁegl;p\:: igure 1 24 25 —  |Watts
in ~
fin =0.5 GHz
Doubler Efficiency n £ (= 1.0 GHz 65 68 — %
ou




TN5149, TIN5150 (continued)

FIGURE 1 — HARMONIC DOUBLER EFFICIENCY TEST CIRCUIT
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IN5149, IN5150 (continued)

Pout, POWER QUTPUT (WATTS)

Pous, POWER OUTPUT (WATTS)

Py, POWER OUTPUT (WATTS)

POWER OUTPUT versus OUTPUT FREQUENCY
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iINS150A siicon)

(MV1807C1)
in5152A
(MV1808B1)
NnST53A
(MV1808C1)
INSI 55A Silicon high-frequency step-recovery power
(MV1810B1) varactor devices optimized for critical multiplier ap-
' plications requiring tight control of junction capaci-
tance and power dissipation.
Q%
CASE 46 CASE 47
1IN5152A 1N5150A
MvV1808B1 MV1807C1
1N5155A 1IN5153A
MV1810B1 MV1808C1
MAXIMUM RATINGS
Rating INS150A | IN5152A | IN5153A | INS155A Unit
Reverse Voltage 80 75 7% 35 Vde
Forward Current 1000 250 250 200 mAdc
RF Power Input 40 15 15 7.0 Watts
Total Device Dissipation @TC =25°C 29,2 11.7 11.7 8.75 Wétts
Derate above 25°C 167 66. 7 66. 7 50 mW/°C
Operating and Storage Junction 4——— -65 to +200 ———> °c

Temperature Range




TN5150A, 52A, 53A, 55A (continued)

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

Characteristics Symbol Min Typ Max Unit
Reverse Breakdown Voltage BVR Vdc
(IR =10 pAde) 1N5150A 80 - -
1N5152A, 1N5153A 75 - -
1N5155A 35 - -
Reverse Current IR uAdce
(VR =170 Vdc) 1N5150A - - 2.0
(VR =170 Vdc, TA =150°C) 1N5150A - - 100
(VR =60 Vdc) 1N5152A, 1N5153A - - 1.0
(VR = 60 Vdc, TA =150°C) 1N5152A, 1N5153A - - 100
(VR =26 Vdc) 1N5155A - - 1.0
(VR =26 Vdc, TA =150°C) 1N5155A - - 100
Series Resistance RS Ohms
(VR =6.0 Vdc, f = self-resonant frequency)
1N5150A - 0.25 -
1N5152A, 1N5153A - 0.5 -
1N5155A - 0.9 -
Series Inductance LS nH
1N5150A - 1.5 -
1N5152A - 0.8 -
1N5153A - 1.7 -
1N5155A - 0.9 -
Diode Capacitance (CJ + CC) ) CT pF
(VR=6.0Vdc, f =1.0 MHz) 1N5150A 10.8 - 13.2
' 1N5152A 5.4 - 6.6
1N5153A 5.8 - 7.0
1N51556A 1.7 - 2.09
Figure of Merit ’ Q -
(VR =6.0 Vdc, f = 50 MHz) 1N5150A - 800 -
1N5152A, 1N5153A - 1100 -
1N5155A - 1700 -
Thermal Resistance %) °C/W
1N5150A - - 6.0
1N5152A, 1N5153A - - 15
1N5155A - - 20
FUNCTIONAL TEST
1N5150A
RF Power Output Pin‘ =3TW, fin =500 MHz, pout 25.1 - - Watts
Doubling Efficiency |f_ . =1.0 GHz n 68 - - %
1N5152A, 1N5153A
RF Power Output Pin =12 W, fin =1.0 GHz, pout 7.2 - - Watts
Doubling Efficiency  [f . =2.0 GHz n 60 - - %
1IN5155A
RF Power Output P, =5.0W, f. =2.0GHz, P 2.0 - - Watts
in in out
Tripling Efficiency f 4t = 60 GHz n 40 - - %

For typical curves and test circuits, see the following data sheets: 1N5149-1N5150 , 1N5151 thru 1N5153, and 1N5154-1N5155 .



iNS151 (sicon)

(MV1808A)
1n5152
(MV1808B)
Silicon high-frequency step-recovery power varac-
IN 5" 53 tors, designed for high-power, high-frequency harmon-
ic generation applications.
(MV1808C)

<\cathode
.\

cathode Z ;’2{

cathode
CASE 48 CASE 46 CASE 47
(IN5151) (TN5152) (IN5153)
(pill) (pill with prongs) (cartridge)
MAXIMUM RATINGS (Ta = 25°C unless otherwise hoted)
Rating Symbol Value Unit
Reverse Voltage VR 75 Vde
Forward Current IF 0.25 Adc
RF Power Input in 15 Watts
Total Device Dissipation @ To = 75°C PD 5.5 Watts
Derate above 75°C 45 mW/°C
Junction Temperature T P +200 °C
Storage Temperature Tstg -65 to +200 °C
ELECTRICAL CHARACTERISTICS (Ta =25°C unless otherwise noted)

Characteristic Condition Symbol|  Min Typ Max Unit
Reverse Breakdown Voltage | Ip = 10 pAdc BV 5 80 - Vdc
Reverse Current VR = 60 Vdc IR - 0.5 1.0 wAdce

VR = 60 Vdc, TA =150°C - - 100
Series Resistance VR =6 Vdc, f = 50 MHz Rs - 0.5 - Ohms
Diode Capacitance VR =6 Vdc, f =1, 0MHz CT* 5.0 5.8 7.5 pF
Vg = 70 Vde, f =1.0MHz - 4.0 -

Figure of Merit VR =6 Vdc, f = 50 MHz Q - 1100 - -
Power Output DOUBLER TEST CIRCUIT ; 6.0 7.2 - Watts
X out

{Figure 1)
Efficiency P..= 12w, £ = 1GHz n 50 60 - %
fout =2 GHz
Thermal Resistance 6; - 19 23 °C/Watt
*Cp = Cy + €




IN5151, TN5152, TIN5153 (continued)

FIGURE 1 — HARMONIC DOUBLER EFFICIENCY TEST CIRCUIT
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1N5151, IN5152, IN5153 (continued)

POWER OUTPUT TYPICAL CHARACTERISTICS at 25°C
versus OUTPUT FREQUENCY FIGURE 4 — FIGURE OF MERIT
FIGURE 3A — DOUBLING (X2) versus REVERSE VOLTAGE
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in5154 (siLicoN)
(MV1810A)

1Nn5155

(MV1810B)

cathode

A

cathode

CASE 48
(IN5154)
(pill)

Silicon high-frequency step-recovery power varac-
tors, for multiplier applications from 2 to 8.5 GHz with
2 watts minimum power output guaranteed at 6 GHz.
CASE 46

(IN5155)
(pill with prongs)

MAXIMUM RATINGS (T¢c = 25°C unless otherwise noted)

Rating Symbol Value Unit
Reverse Voltage Ve 35 Vde
Forward Current Ip 200 mAdc
RF Power Input Py 7.0 Watts
Total Device Dissipation @ Tc = 75°C Pp 3.5 Watts
Derate above 75°C 30 mW/0C
Operating and Storage Junction Ty, Ttg -65 to+ 200 oc
Temperature Range
ELECTRICAL CHARACTERISTICS (Ta=25°C unless otherwise noted)

Characteristic Conditions Symbol| Min | Typ | Max | Unit
Reverse Breakdown Voltage Iz = 10 pAdc BVp [ 35 | 45 —_ Vde
Reverse Current VR= 26 Vdc Ip _— _— 1.0 uAde

VRp= 26 Vde, Ty = 150°C —_ —_ 100
Series Resistance VgR= 6 Vdec, f= 50 MHz Rg —_ 09| — Ohms
Diode Capacitance Vp= 6Vdc,f= 1 MHz Cr | 1.0 2.1 3.0 pF
Figure of Merit VR= 6 Vde, f = 50 MHz Q —_ 1700 — —_—
Thermal Resistance 9¢c | — | — | 3 | %c/w
FUNCTIONAL TEST
RF Power Output Test Circuit Figure 5 Pout |20 | — | — Watts
Py, = 5 watts, f;; = 2 GHz,
Tripling Efficiency fout = 6 GHz n |40 - - %
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TN5154, 1IN5155 (continued)

POWER OUTPUT

versus OUTPUT FREQUENCY

FIGURE 1A — DOUBLING (X2)
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TYPICAL CHARACTERISTICS
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IN5154, IN5155 (continued)

FIGURE 5 — HARMONIC TRIPLER — 2 GHz to 6 GHz
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INDT156 (siLicon)
(MV1812A)

in5157

(Mvigias)

cathode

CASE 46 Siliconhigh-frequency step-recovery power varactors;

epitaxial-passivated devices designed for multiplier
applications from 1.0 to 13 GHz with 1.0 W minimum
power output guaranteed at 10 GHz.

cathode

CASE 48

AVAILABLE IN
PILL PACKAGE
ON SPECIAL REQUEST

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

Rating Symbol Value Unit

Reverse Voltage VR 20 Vdc
Forward Current IF 160 mAdc
RF Power Input in 5.0 Watts
Total Device Dissipation @ T =75°C Py 3.25 Watts

Derate above 75°C 26 mW/°C
Operating and Storage Junction T, T -65 to +200 °C

J’ Tstg
Temperature Range
ELECTR'CAL CHARACTER'STICS (TA = 25°C unless otherwise noted)

Characteristic Conditions Symbol Min Typ Max Unit
Reverse Breakdown Voltage IR =10 pAdc BVR . 20 - - Vde
Reverse Current VR =16 Vdc IR - - 0.1 rAde

g =16 Vde, T, =150°C - - 100
Series Resistance VR = 6.0 Vdc, f = 50 MHz Rs - 1.1 - Ohms
Diode Capacitance VR = 6.0 Vde, f=1.0 MHz CT 0.6 - 1.0 pF
Figure of Merit vR =6.0 Vde, f = 50 MHz Q —_ 3600 - -
Thermal Resistance 0JC - - 38.5 “C/W
FUNCTIONAL TEST

RF Power Output Pin =2.6W , Iin =5.0 GHz Pout 1.0 - - Watt
Doubling Efficiency fout =10 GHZ n 38.5 - - %
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INSI 58 thru 'INS] 60 (SILICON)

M4L3052 thru M4L3056

CASE 51
(DO-7)

PNPN 4-layer diodes, two-terminal, fast switching
devices specifically designed for low voltage applica-
tions such as logic circuits, pulse generators, mem-
ory and relay devices, relay replacement, alarm cir-
cuit, multivibrators, ring counters, and signal switch-
ing circuits. These devices feature low breakover
(switching) voltage, fast switching speeds, low junction
capacitance, low breakover currents, and sub-minia-
ture package.

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

Rating Symbol Value Unit
Peak Reverse Blocking Voltage VRM(rep) Volts
1N5158 (M4L.3052) 10
1N5159 (M4L3053) 11
1N5160 (M4L.3054) 12
(M4L.3055) 13
(M4L3056) 14
Continuous Forward Current e 150 mA
Steady State Power Dissipation @ Tp = 50°C Pp 150 mwW
Derate above 50°C 1.5 mw/°c
Peak Pulse Current lpulse Amp
(50 us maximum pulse width) 10
Operating Junction Temperature Range Ty -65 to +150 °c
Storage Temperature Range Tstg -65 to +175 °c

POWER-TEMPERATURE DERATING CURVE

150

100

N

50

~

Po, POWER DISSIPATION (mW)

N

25 50 75 100 125 150
T, AMBIENT TEMPERATURE (°C)



TN5158 thru 1N5160 (M4L3052 thru M4L 3056 (continued)

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

Characteristic Symbol | Min Typ Max Unit
Forward Breakover (Switching) Voltage V(BR)F Volts
1N5158 (M4L.3052) 8.0 - 10
1N5159 (M4L.3053) 9.0 - 11
1N5160 (M4L.3054) 10 - 12
(M4L3055) ° - - 13
(M4L3056) - - 14
Forward Breakover (Switching) Current HBR)F - 5.0 50 MA
Forward Blocking Current lEm MA
(Measured at 75% of V(gR)F) - 1.0 5.0
Reverse Blocking Current IRM . MA
(Measured at rated VRM(rep)) - 2.0 10
Holding Current 'HO 1.0 4.0 20 mA
Forward On Voltage Ve Volts
(Ig = 150 mAdc) - 1.0 1.5
Junction Capacitance Cy pF
(AC Voltage= 10 mV, Vg =0, f = 100 kHz) - 42 -
Turn-On Time* ton — 50" - ns
Turn-Off Time"* Toff - 100" - ns

*Time depends on a wide variety of circuit conditions. Consult manufacturer for further information.

TURN-ON TIME TEST CIRCUIT
100K
(+) @ AAN~ - ¢ SCOPE
250V i _Z 02 F
TEST -
) &— é >
TURN-OFF TIME TEST CIRCUIT
509
+25V Om———AAN - - scTt;é
. UNIT
T / ) e

509 .,
PULSE
GENERATOR,
VARIABLE

\PULSE WIDTH _

7z ¢ X ¢

When sawtooth waveform

appears at TP-1,
T=tw




TN5158 thru 1N5160 (M4L3052 thru M4L3056) (continued)
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1N5221 thru 1N5281 series (SILICON)

500 Milliwatt surmetic 20 silicon zener diodes-
a complete series of Zener Diodes in the popular
DO-T7 case with higher ratings, tighter limits, better
operating characteristics and a full set of designers'
curves 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 environmental conditions.

CASE 51
(DO-7)

MAXIMUM RATINGS

Junction and Storage Temperature: —65 to +200°C
Lead Temperature not less than 1/16” from the case for 10 seconds: 230°C

DC Power Dissipation: 500 mW @ T. = 75°C, Lead Length = 34"
(Derate 4.0mW/°C above 75°C)

Surge Power: 10 Watts (Non-recurrent square wave @ PW = 8.3 ms, T, = 55°C,
Figure 16)

MECHANICAL CHARACTERISTICS
CASE: Void free, transfer molded, thermosetting plastic.

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

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

MOUNTING POSITION: Any.
WEIGHT: 0.18 gram (approximately).

FIGURE 1 —POWER-TEMPERATURE DERATING CURVE

10 T T
N L = LEAD LENGTH
z TO HEAT SINK
S 08
3 L= %
5 - \ %
g 0.6 \\ )
& O ~ S
é \\ \L\= %” \\
% 0 \‘\ \
; ¢ T \\
= .
2 L=1"
g |, S N
S | | , S~
: | \
0 20 40 50 80 100 120 140 160 180 200

Ty, LEAD TEMPERATURE (°C)

1-20



1N5221 thru TN5281 series (continued)

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) . Based on dc measurements at thermal equilibrium;
lead length — 33" thermal resistance of heat sink — 30°C/W) V, — 1.1 Max @ |, — 200 mA for all types.

Nominal Max Zener Impedance Max Reverse Leakage Current Max Zener Voltage
omina A & B Suffix Onl " "
JEDEC Zener Voltage CT”" ¥ A & B Suffix Only Non-Suffix Temp. ’Cfoeff
Type No. V, @ Iy "l' rent k@ Ve | " (A &0 B S(ua/ ix gnly)
(Note 1) Volts zr In@ly Iy @ 15 =0.25 mA A Volts @ Vg U vz %0
(Note 2) mA Ohms Ohms For Suffix A (Note 3)
A B MA
1N5221 2.4 20 30 1200 100 0.95 1.0 200 -0.085
IN5222 2.5 20 30 1250 100 0.95 1.0 200 -0. 085
1N5223 2.7 20 30 1300 75 0.95 1.0 150 -0. 080
IN5224 2.8 20 30 1400 75 0.95 1.0 150 -0. 080
IN5225 3.0 20 29 1600 50 0.95 1.0 100 -0.075
1N5226 3.3 20 28 1600 25 0.95 1.0 100 ~0.070
1N5227 3.6 20 24 1700 15 0.95 10 100 -0. 065
1N5228 3.9 20 23 1900 10 0.95 1.0 5 -0.060
1N5229 4.3 20 22 2000 5.0 0.95 1.0 50 £0.055
1N5230 4.7 20 19 1900 5.0 1.9 2.0 50 +0.030
IN5231 5.1 20 7 1600 5.0 1.9 2.0 50 £0.030
1N5232 5.6 20 - 11 1600 5.0 2.9 3.0 50 +0.038
1N5233 6.0 20 7.0 1600 5.0 3.3 3.5 50 +0.038
IN5234 6.2 20 7.0 1000 5.0 3.8 4.0 50 +0.045
1N5235 6.8 20 5.0 750 3.0 48 5.0 30 +0.050
1N5236 7.5 20 6.0 500 3.0 5.7 6.0 30 +0.058
IN5237 8.2 20 8.0 500 3.0 6.2 6.5 30 +0.062
IN5238 8.7 20 8.0 600 3.0 6.2 6.5 30 +0.065
1N5239 9.1 20 10 600 3.0 6.7 7.0 30 +0.068
1N5240 10 20 17 600 3.0 7.6 8.0 30 40,075
IN5241 11 20 22 600 2.0 8.0 8.4 30 0,076
1N5242 12 20 30 600 1.0 8.7 9.1 10 +0.077
1N5243 13 9.5 13 600 0.5 9.4 9.9 10 +0.079
IN5244 14 9.0 15 600 0.1 9.5 10 10 40,082
IN5245 15 8.5 16 600 0.1 10.5 11 10 +0.082
N5246 16 7.8 17 600 0.1 1.4 12 10 10,083
1N5247 17 7.4 19 600 0.1 12.4 13 10 +0.084
IN5248 18 7.0 21 600 0.1 13.3 14 10 +0.085
1N5249 19 6.6 23 600 0.1 13.3 14 10 +0. 086
IN5250 20 6.2 25 600 0.1 14.3 15 10 +0.086
IN5251 22 5.6 29 600 0.1 16.2 17 10 +0.087
IN5252 24 5.2 33 600 0.1 17.1 18 10 +0.088
IN5253 25 5.0 35 600 0.1 18.1 19 10 +0.089
IN5254 27 a6 41 600 01 20 21 10 +0. 090
IN5255 28 4.5 44 600 0.1 20 21 10 +0. 091
IN5256 30 4.2 49 600 0.1 22 23 10 +0.091
IN5257 33 3.8 58 700 0.1 24 25 10 +0.092
IN5258 36 3.4 70 700 0.1 26 27 10 +0.093
IN5259 39 3.2 80 800 0.1 29 30 10 +0.094
1N5260 43 3.0 93 900 0.1 31 33 10 +0,095
IN5261 47 2.7 105 1000 0.1 34 36 10 +0.095
IN5262 51 2.5 125 1100 01 37 39 10 +0.096
IN5263 56 2.2 150 1300 0.1 a1 43 10 +0.096
IN5264 60 2.1 170 1400 0.1 44 46 10 40,097
IN5265 62 2.0 185 1400 0.1 45 47 10 +0.097
IN5266 68 18 230 1600 0.1 19 52 10 +0.097
IN5267 5 17 270 1700 0.1 53 56 10 +0.098
IN5268 82 15 330 2000 0.1 59 62 10 +0.098
IN5269 87 14 370 2200 0.1 65 68 10 +0.099
IN5270 91 i4 400 2300 0.1 66 69 10 +0.099
IN5271 100 1.3 500 2600 0.1 72 76 10 +0.110
IN5272 110 11 750 3000 0.1 80 84 10 +0.110
IN5273 120 1.0 900 4000 0.1 86 91 10 +0.110
IN5274 130 0.95 1100 4500 0.1 94 99 10 +0.110
IN5275 140 0.90 1300 4500 0.1 101 106 10 +0.110
IN5276 150 0.85 1500 5000 0.1 108 114 10 +0.110
IN5277 160 0.80 1700 5500 0.1 116 122 10 +0.110
IN5278 170 0.74 1900 5500 0.1 123 129 10 +0.110
IN5279 180 0.68 2200 6000 0.1 130 137 10 +0.110
1N5280 190 0.66 2400 6500 0.1 137 144 10 +0.110
IN5281 200 0.65 2500 7000 0.1 144 152 10 +0.110

NOTE 1 — TOLERANCE AND VOLTAGE DESIGNATION

Tolerance designation — The JEDEC type numbers shown indicate a
tolerance of =10%. with guaranteed limits on only Vz, Iz and V; as
shown in the above table. Units with guaranteed limits on all six
parameters are indicated by suffix ‘A"’ for =10% tolerance and suffix
“B” for =5.0% units.

Non.Standard val doc

— To di units with zener
voltages other than those assigned JEDEC numbers, the type

number should be used.
90 4
LTr:lerance
(=%)
Surmetic

EXAMPLE:
Zener Diodes
NOTE 2 — SPECIAL SELECTIONS AVAILABLE INCLUDE:

1 — Nominal zener volt b those shown.

0.5 Watt

Manufacturer J

Nominal Voltage

2 — Matched sets: (Standard Tolerances are -"5 0%, +3.0%,
+2.0%, *1.0%) d ding on voltage per

a. Two or more units for series connection with specified
tolerance on total voltage. Series matched sets make zener
voltages in excess of 200 volts possible as well as providing
lower temperature coefficients, lower dynamic impedance
and greater power handling ability.

b. Two or more units matched to one another with any spec-
ified tolerance.

3 — Tight voltage tolerances: 1.0%, 2.0%, 3.0%.

NOTE 3 — TEMPERATURE COEFFICIENT (6y;)

Test conditions for temperature coefficient are as follows:
a. gy =75mA T, = 25°
T, = 125°C (1N5221A, B thru 1IN5242A, B.)
b. Iy = Rated I, T, = 25°C,
T, = 125°C (1N5243A, B thru 1N5281A, B.)
Device to be temperamre stabilized with current applied prior to
reading breakdown voltage at the specified ambient temperature.
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1N5221 thru TN5281 series (continued)

Iz, ZENER CURRENT (mA)

Iz, ZENER CURRENT (mA)

Iz, ZENER CURRENT (mA)

TYPICAL REVERSE CHARACTERISTICS FOR SELECTED ZENER DIODES

Curves marked T, were obtained from dc measurements at thermal equilibrium; lead length = %“; thermal resistance of heat sink = 30°C/W.
Curves marked T, were obtained from pulse tests; mounting conditions are not a factor.

VziNominal = 3.3 Volts

FIGURE 2 FIGURE 3
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1N5221 thru 1N5281 series (continued)

vz, TEMPERATURE COEFFICENT (mV/°C)

6vz, TEMPERATURE COEFFICIENT (mV/°C)

Zz, DYNAMIC IMPEDANCE (OHMS)

TEMPERATURE COEFFICIENTS AND VOLTAGE REGULATION

(30% of the units are in the ranges indicated)

FIGURE 8 — RANGE FOR UNITS T0 12 VOLTS

FIGURE 9 — RANGE FOR UNITS 12 T0 200 VOLTS
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1N5221 thru TN5281 Series (continued)

FIGURE 14 — TYPICAL THERMAL RESPONSE
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FIGURE 15— TYPICAL THERMAL RESISTANCE APPLICATION NOTE

s *400 Since the actual voltage available from a given zener diode is
S temperature dependent, it is necessary to determine junction temp-
= erature under any set of operating conditions, in order to calculate its
2 i value. The following procedure is recommended:
E 300 Lead Temperature, T, should be determined from:
2 Lt Ti=0Po+ Ty
= 6La is the lead-to-ambient thermal resistance and Pp is the
3 L A power dissipation. 6i4 is generally 30-40°C/W for the vari-
S 200 L oL — ous clips and tie points in common use and for printed
é Py circuit board wiring.
= ] Junction Temperature, T,, may be found from:
2 100 // Ti=Ti+40Tu
3 g PRIMARY PATH OF ATy is the increase in junction temperature above the lead
g CONDUCTION IS THROUGH =~ __ | temperature and may be found from Figure 14 for a train of
H] THE CATHODE LEAD power pulses or from Figure 15 for dc power.
< '70 02 04 0?6 ! 01.8 L 1o For worst-case design, using expected limits of Iz, limits of Pp and

L, LEAD LENGTH TO HEAT SINK (INCH)

FIGURE 16 — MAXIMUM NONJREEETITIVE SURGE POWER
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the extremes of T, (ATs)may be estimated.Changes in voltage, Vz,can
then be found from:
AV =0vzAT,
vz, the zener voltage temperature coefficient, is found from
Figures 8,9, and 10.

Under high power-pulse operation, the zener voltage will
vary with time and may also be affected significantly by the
zener resistance. For best regulation, use short leads, espe-
cially to the cathode, and keep current- excursions as low as
possible.

Data of Figure 14 should not be used to compute surge capa-
bility. Surge limitations are given in Figure 16. They are lower than
would be expected by considering only junction temperature, as cur-
rent crowding effects cause temperatures to be extremely high in
small spots resulting in device degradation should the limits of Figure
16 be exceeded.
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1N5221 thru TN5281 Series (continued)

FIGURE 17 —TYPICAL CAPACITANCE
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FIGURE 18 — TYPICAL FORWARD CHARACTERISTICS
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FIGURE 20 — NOISE DENSITY MEASUREMENT METHOD

AMMETER  LOAD AMPLIFIER
RESISTOR

v FILTER TRUE
DC POWER fo=20kH
SUPPLY TEST ZENER fi=10kHz | Vou [ yor7

f,= 3.0 khz
—o- BN = 20 ki } | e

Vour

NOISE DENSITY (VOLTS PER SQUARE ROOT BANDWIDTH) =
5 ) OVERALL GAIN vBW

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

The input voltage and load resistance are high so that the zener diode is
driven from a constant current source. The amplifier is low noise so that
the amplifier noise is negligible compared to that of the test zener. The
filter bandpass is known so that the noise density can be calculated from
the formula shown. The data of Figure 19 and the formula can also be
used to find noise for any system bandwidth.
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'IN5283 thru 'IN53I 4

Field-effect current regulator diodes are circuit elements that
provide a current essentially independent of voltage. These diodes
are especially designed for maximum impedance over the operating
range. These devices may be used in parallel to obtain higher
currents,

CASE 51
(DO-7)

MAXIMUM RATINGS

Rating Symbol Value Unit
Peak Operating Voltage POV Volts
(TJ = -55°C to +200°C) 100
Steady State Power Dissipation PD '
@T L= 75°C 600 mW
Derate above T, = 75°C 4.8 mW/°C

Lead Length = 3/8"
(Forward or Reverse Bias)

Operating and Storage Junction T, T o
Temperature Range I’ “stg | -55 to +200 c
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1N5283 thru 1N5314 (continued)

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

Minimum Minimum Maximum
Regulator Current Dynamic Knee Limiting
lp (mA)@Vy =25V Impedance Impedance Voltage
@V, =25V @V, =60V @, = 0.8 1, (min)
Type No. | nom min max Z, (M) Z, (Ma) V, (Volts)
1N5283 0.22 0.198 | 0.242 25.0 2.75 1.00
1N5284 0.24 0.216 | 0.264 19.0 2.35 1.00
1N5285 0.27 0.243 | 0.297 14.0 1.95 1.00
1N5286 0.30 0.270 | 0.330 9.0 1.60 1.00
1N5287 0.33 0.297 | 0.363 6.6 1.35 1.00
1N5288 0.39 0.351 | 0.429 4.10 1.00 1.05
1N5289 0.43 0.387 | 0.473 3.30 0.870 1.05
1N5290 0.47 0.423 | 0.517 2.70 0.750 1.05
1N5291 0.56 0.504 | 0.616 1.90 0.560 1.10
1N5292 0.62 0.558 | 0.682 1.55 0.470 1.13
1N5293 0.68 0.612 | 0.748 1.35 0. 400 1.15
1N5294 0.75 0.675 | 0.825 1.15 0.335 1.20
1N5295 0.82 0.738 | 0.902 1.00 0.290 1.25
1N5296 0.91 0.819 | 1.001 0.880 0.240 1.29
1N5297 1.00 0.900 | 1.100 0.800 0.205 1.35
1N5298 1.10 0.990 | 1.210 0.1700 0.180 1.40
1N5299 1.20 1.08 | 1.32 0.640 0.155 1.45
1N5300 1.30 1.17 1.43 0.580 0.135 1.50
1N5301 1.40 1.26 1.54 0.540 0.115 1.55
1N5302 1.50 1.35 1.65 0.510 0.105 1.60
1N5303 1.60 1.44 1.76 0.475 0.092 1.65
1N5304 1.80 1.62 1.98 0.420 0.074 1.75
1N5305 2.00 1.80 2.20 0.395 0.061 1.85
1N5306 2.20 1.98 2.42 0.370 0.052 1.95
1N5307 2.40 2.16 2.64 0.345 0.044 2.00
1N5308 2.70 2.43 2.97 0.320 0.035 2.15
1N5309 3.00 2.70 3.30 0.300 0.029 2.25
1N5310 3.30 2.97 3.63 0.280 0.024 2.35
1N5311 3.60 3.24 3.96 0.265 0.020 2.50
IN5312 3.90 3.51 4.29 0.255 0.017 2.60
1N5313 4.30 3.87 4.73 0.245 0.014 2.75
IN5314 4.70 4.23 5.17 0.235 0.012 2.90
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1N5283 thru 1N5314 (continued)

FIGURE 1 — TYPICAL CURRENT REGULATOR CHARACTERISTICS
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FIGURE 2 — TYPICAL THERMAL RESISTANCE
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SYMBOLS AND DEFINITIONS

Ip — Diode Current.

Iy — Limiting Current: 80% of Ip minimum used to determine Limiting
voltage, V.

lp — Pinch-off Current: Regulator current at specified Test Voltage, Vr.

POV — Peak Operating Voltage: Maximum voltage to be applied to device.
@, — Current Temperature Coefficient.
Vax — Anode-to-cathode Voltage.
Vi — Knee Impedance Test Voltage: Specified voltage used to establish
Knee Impedance, Zx. .
Vi — Limiting Voltage: Measured .at .. V|, together with Knee AC Im-
pedance, Z, indicates the Knee characteristics of the device.

Vr — Test Voltage: Voltage at which |p and Zr are specified.

Zx — Knee AC Impedance at Test Voltage: To test for Zx. a 90 Hz signal
vk with RMS value equal to 10 % of test voltage, V. is superimposed
on Vi:
Zy = v /ix
where iy is the resultant ac current due to vy
To provide the most constant current from the diode, Zx should be
as high as possible; therefore, a minimum value of Zy is specified.
Zy — AC Impedance at Test Voltage: Specified as a minimum value. To
test for Zy, a 90 Hz signal with RMS value equal to 10% .of Test
Voltage, Vr, is superimposed on Vr.

APPLICATION NOTE

As the current available from the diode is temperature dependent, it is
necessary to determine junction temperature, T,, under specific operating
conditions to calculate the value of the diode current. The following
procedure is recommended: .

Lead Temperature, T, shall be determined from:
Te=6aPp+Ta
where A, is lead-to-ambient thermal resistance
and Pp is power dissipation.
fLa is generally 30-40°C/W for the various clips and tie points in
common use, and for printed circuit-board wiring.

Junction Temperature, Ty, shall be calculated from:
Ty=T.+8uPo
where )y is taken from Figure 2.

For circuit design limits of Vay, limits of Pp may be estimated and
extremes of T, may be computed. Using the information on Figures 4 and
5, changes in current may be found. To improve current regulation, keep

- Vak low to reduce Pp and keep the leads short, especially the cathode lead,
to reduce 6.

FIGURE 3 — TYPICAL FORWARD CHARACTERISTICS
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1N5283 thru 1N5314 (continued)

FIGURE 4 — TEMPERATURE COEFFICIENT
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*80% of the units will be in the ranges shown.

1-29




1N5333 (SILICON)

thru

1n5388

5.0 Watt surmetic 40 silicon zener diodes (silicon oxide
passivated) with tight limits and better operating char-
acteristics that reflect the superior capabilities of silicon-
oxide-passivatedjunctions. Anaxial-lead, transfer-molded
plastic package that offers protection in all common en-
vironmental conditions.

MAXIMUM RATINGS

Junction and Storage Temperature: -65 to +200°C
Lead Temperature not less than 1/16" from the case for 10 seconds: 230°C

DC Power Dissipation: 5.0 W @ T_= 75°C, Lead Length = 3/8"
(Derate 40 mW/°C above 75°C)

MECHANICAL CHARACTERISTICS
CASE: Void-free, transfer-molded, thermosetting plastic

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

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

MOUNTING POSITION: Any
WEIGHT: 0.7 gram (approx)

FIGURE 1 — POWER-TEMPERATURE DERATING CURVE
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1N5333 thru 1IN5388 (continued)

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted) ¥y = 12 Max @1, =1.0 A for all types

Applies A&B
Max Zener Impedance "
. A&B Suffi: only Max Reverse Leakage to all Suffix Maximum
Nominal Test Current Suffix Only Regulator
TJEDErg Ze\r/ueréo:’rage Cu'rrent I v Max Max Current
0. = R R
Nore182)| Vi | pa | @lw | T @laSlOmA L R @ g | swge | Voltage 2w
(Note 3) Ohms Ohms ! Current | Regulation mA
ote (Note 3) (Note 3) Non & A i, Amps | , Vg, Volts
" B-Suffix
Suffix (Note 4) | (Note 5) (Note 6)
1N5333 3.3 380 3.0 400 300 1.0 1.0 20.0 0.85 1440
IN5334 3.6 350 2.5 500 150 1.0 1.0 18.17 0.80 1320
IN5335 3.9 320 2.0 500 50 1.0 1.0 17.6 0.54 1220
1N5336 4.3 290 2.0 500 10 1.0 1.0 16.4 0.49 1100
1N5337 4.7 260 2.0 450 5.0 1.0 1.0 15.3 0.44 1010
1N5338 5.1 240 1.5 400 1.0 1.0 1.0 14.4 0.39 930
1N5339 5.6 220 1.0 400 1.0 2.0 2.0 13.4 0.25 865
1N5340 6.0 200 1.0 300 1.0 3.0 3.0 12.7 0.19 790
1N5341 6.2 200 1.0 200 1.0 3.0 3.0 12.4 0.10 765
1N5342 6.8 175 1.0 200 10 4.9 5.2 11.5 0.15 700
IN5343 7.5 175 1.5 200 10 5.4 5.7 10.7 0.15 630
1N5344 8.2 150 1.5 200 10 5.9 6.2 10.0 0.20 580
1N5345 8.7 150 2.0 200 10 6.3 6.6 9.5 0.20 545
1N5346 9.1 150 2.0 150 7.5 6.6 6.9 9.2 0.22 520
1N5347 10 125 2.0 125 5.0 7.2 7.6 8.6 0.22 475
1N5348 11 125 2.5 125 5.0 8.0 8.4 8.0 0.25 430
1N5349 12 100 2.5 125 2.0 8.6 9.1 7.5 0.25 395
1N5350 13 100 2.5 100 1.0 9.4 9.9 7.0 0.25 365
1N5351 14 100 2.5 5 1.0 10.1 10.6 6.7 0.25 340
1N5352 15 75 2.5 75 1.0 10.8 11.5 6.3 0.25 315
1N5353 16 75 2.5 75 1.0 11.5 12.2 6.0 0.30 295
1N5354 17 70 2.5 75 0.5 12.2 12.9 5.8 0.35 280
1N5355 18 65 2.5 75 0.5 13.0 13.7 5.5 0.40 264
1N5356 19 65 3.0 75 0.5 13.7 14.4 5.3 0.40 250
1N5357 20 65 3.0 75 0.5 14.4 15.2 5.1 0.40 237
1N5358 22 50 3.5 75 0.5 15.8 16.7 4.1 0.45 216
1N5359 24 50 3.5 100 0.5 17.3 18.2 4.4 0.55 198
1N5360 25 50 4.0 110 0.5 18.0 19.0 4.3 0.55 190
1N5361 27 50 5.0 120 0.5 19.4 20.6 4.1 0.60 176
1N5362 28 50 6.0 130 0.5 20.1 21.2 3.9 0. 60 170
1N5363 30 40 8.0 140 0.5 21.6 22.8 3.7 0.60 158
1N5364 33 40 10 150 0.5 23.8 25.1 3.5 0.60 144
1N5365 36 30 11 160 0.5 25.9 27.4 3.3 0.65 132
1N5366 39 30 14 170 0.5 28.1 29.7 3.1 0.65 122
1N5367 43 30 20 190 0.5 31.0 32.7 2.8 0.70 110
1N5368 47 25 25 210 0.5 33.8 35.8 2.7 0.80 100
1N5369 51 25 21 230 0.5 36.7 38.8 2.5 0.90 93.0
1N5370 56 20 35 280 0.5 40.3 42.6 2.3 1.00 86.0
1N5371 60 20 40 350 0.5 43.0 45.5 2.2 1.20 79.0
IN5372 62 20 42 400 0.5 44.6 47.1 2.1 1.35 76.0
1N5373 68 20 44 500 0.5 49.0 51.7 2.0 1.50 70.0
1N5374 5 20 45 620 0.5 54.0 56.0 1.9 1.60 63.0
1N5375 82 15 65 720 0.5 59.0 62.2 1.8 1.80 58.0
1N5376 87 15 75 760 0.5 63.0 66.0 1.7 2.00 54.5
IN5377 91 15 75 760 0.5 65.5 69.2 1.6 2.20 52.5
1N5378 100 12 90 800 0.5 72.0 76.0 1.5 2.50 47.5
1N5379 110 12 125 1000 0.5 79.2 83.6 1.4 2.50 43.0
1N5380 120 10 170 1150 0.5 86.4 91.2 1.3 2.50 39.5
1N5381 130 10 190 1250 0.5 93.6 98.8 1.2 2.50 36.6
1N5382 140 8.0 230 1500 0.5 101 106 1.2 2.50 34.0
1N5383 150 8.0 330 1500 0.5 108 114 1.1 3.00 31.6
1N5384 160 8.0 350 1650 0.5 115 122 1.1 3.00 29.4
1N5385 170 8.0 380 1750 0.5 122 129 1.0 3.00 28.0
1N5386 180 5.0 430 1750 0.5 130 137 1.0 4.00 26.4
1N5387 190 5.0 450 1850 0.5 137 144 0.9 5.00 25.0
1N5388 200 5.0 480 1850 0.5 144 152 0.9 5. 00 23.6
NOTE 1 — TOLERANCE AND VOLTAGE DESIGNATION
TOLERANCE DESIGNATION — The JEDEC type numbers shown 5 m 9 z S .311_
indicate a tolerance of +20% with guaranteed limits on only Vz, IR, Device Nominal Tolerance
ir, and VE as shown in the electrical characteristics table. Units Description Voltage (£%)
with guaranteed limits on all seven parameters are indicated by Manufacturer Zener  “‘Surmetic’’
suffix A" for £.10% tolerance and suffix “B’’ for +5.0% units. Diode
NOTE 2 — SPECIALS AVAILABLE INCLUDE: Example: 5M902S3
(A) NOMINAL ZENER VOLTAGES BETWEEN THE VOLT- (B) MATCHED SETS: (Standard Tolerances are £5.0%, +2.0%,
AGES SHOWN AND TIGHTER VOLTAGE TOLERANCES: +1.0%).
To designate units with zener voltages other than those Zener diodes can be obtained in sets consisting of two or more
assigned JEDEC numbers and/or tight voltage tolerances matched devices. The method for specifying such matched
(£3%, £2%, £1%), the Mfg. type number should be used. sets is similar to the one described in (A) for specifying units
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1N5333 thru TN5388 (continued)

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.

M 5 1 Z S 5 B 1
-
Device 51 Voits Overall
Description (each device) | "‘Surmetic” Tolerance
Manufact Zener of set
*Code: utacturer Diodes Tolerance (£1%)

per device (+£5%)

B — Two devices in series  (omit for +20% units)

C — Three devices in series
D — Four devices in series
Example: 5M512S5B1

(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-

Code*
(A-Not used)

clature:
5 M 10
T T
Device Nommal Tolerance for each of
Description Voltage Clipper the two Zener voltages
Zener {not a matchingrequire-
Manufacturer Diodes ment)
Example: 5M20Z2210
NOTE 3 — ZENER VOLTAGE (Vz) AND IMPEDANCE
(ZzT & Z7K)

Test conditions for Zener voltage and impedance are as follows:
Iz is applied 40 + 10 ms prior to reading. Mounting contacts are

located 3/8" to 1/2” from the inside edge of mounting clips to
the body of the diode. (T .= 25°C t§°C).

NOTE 4 — SURGE CURRENT i)

Surge current is specified as the maximum allowable peak, non-
recurrent square-wave current with a pulse width,PW, of 8.3 ms.
The data given in Figure 6 may be used to find the maximum
surge current for a square wave of any pulse width between 1.0
ms and 1000 ms by plotting the applicable points on logarithmic
paper. Examples of this, using the 3.3 V and 200 V zeners, are
shown in Figure 7. Mounting contact located as specified in

Note 3. (Tp = 25°C *8°c).

NOTE 5 — VOLTAGE REGULATION (aVz)

Test conditions for voltage regulation are as follows: Vz meas-
urements are made at 10% and then at 50% of the |z max value
listed in the electrical characteristics table. The test currents are
the same for the 5% and 10% tolerance devices. The test current
time duratlon for each Vz measurement is 40 £ 10 ms. (T =

25°C +8 C). Mounting contact located as specified in Note 3.

NOTE 6 — MAXIMUM REGULATOR CURRENT (Izm)

The maximum current shown is based on the maximum voltage
of a 5% type unit, therefore, it applies only to the B-suffix
device. The actual Iz for any device may not exceed the
value of 5.0 watts divided by the actual Vz of the device.
TL= 75°C at 3/8" maxnmum from the device body.

TEMPERATURE COEFFICIENTS

FIGURE 2 — TEMPERATURE COEFFICIENT-RANGE
FOR UNITS 3.0 TO 10 VOLTS

FIGURE 3 — TEMPERATURE COEFFICIENT-RANGE
FOR UNITS 10 TO 220 VOLTS
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1N5333 thru TN5388 (continued)

FIGURE 5 — TYPICAL THERMAL RESISTANCE
APPLICATION NOTE

w 40
= Since the actual voltage available from a given zener diode is
E temperature dependent, it is necessary to determine junction temp-
2 A erature under any set of operating conditions, in order to calculate its
o 30 > value. The following procedure is recommended:
o
<
= Lead Temperature, T, should be determined from:
wo_ "
EEn ] T =0LaAPD+Ta
28 /
w '-’l |-L OLA is the lead-to-ambient thermal resistance and Pp is the
E // power dissipation.
S 10 /' . \ 4 Junction Temperature, T j, may be found from:
5 PRIMARY PATH OF - A
E CONDUCTION IS THROUGH Ty=TL+ATy
- THE CATHODE LEAD
= [ L I L h ATy is the increase in junction temperature above the lead
® 0 0.2 04 0.6 0.8 1.0 temperature and may be found from Figure 4 for a train of
L, LEAD LENGTH TO HEAT SINK (INCH) power pulses or from Figure 5 for dc power.
ATyL =064 PO
FIGURE 6 — MAXIMUM NON-REPETITIVE SURGE
CURRENT versus NOMINAL ZENER VOLTAGE For worst-case design, using expected limits of Iz, limits of Pp
(See Note 4) and the extremes of T j(AT j) may be estimated. Changes in voltage,
40 T Vz, can then be found from:
2 - [ ! ! AV = 0yz AT
73 ™~
g S I~ PW j 1.0 ms Ovz. the zener voltage temperature coefficient, is found from
< 10 Figures 2 and 3.
= n PW = 8.3 ms*——]
o}
= 40 | i
3 ~ N N~ ] Under high power-pulse operation, the zener voltage will vary with
o 20 time and may also be affected significantly by the zener resistance.
g 10 N For best regulation, keep current excursions as low as possible.
< Y
5 7 ~ . .
o 04 *Square Wave. T~ PW = 100 ms P Dat.a qf F!gure 4 sht:.)uld r\ot F:e used to compute surge capability.
= Surge limitations are given in Figure 6. They are lower than wouid
0.2 - be expected by considering only junction temperature, as current
o1 P‘W=,1?U? m crowding effects cause temperatures to be extremely high in small
: spots resulting in device degradation should the limits of Figure 6
30 40 6.0 8010 20 30 40 60 80 100 200 be exceeded.

NOMINAL Vz (V)

FIGURE 7 — PEAK SURGE CURRENT

versus PULSE WIDTH
(See Note 4)
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iv5441A B.C

thru

in3456A B.C

B  VVC Pl

VOLTAGE-VARIABLE
CAPACITANCE DIODES

6.8 — 100 pF

SILICON EPICAP DIODES 30 VOLTS

. . epitaxial passivated abrupt junction tuning diodes designed for

electronic tuning, FM, AFC and harmonic-generation applications in

AM through UHF ranges, providing solid-state reliability to replace
mechanical tuning methods.

Excellent Q Factor at High Frequencies
Guaranteed Capacitance Change — 2.0 to 30 V
Guaranteed Temperature Coefficient
Capacitance Tolerance — 10%, 5.0%, and 2.0%
Complete Typical Design Curves

DO-7 GLASS

— 1% o

0018 pp
** MAXIMUM RATINGS g
100MIN
Rating Symbol Value Unit
Reverse Voltage VR 30 Volts
Device Dissipation @ Tp = 250C Pp 400 mwW R 7
Derate above 25°C 2.67 mw/°C /ﬂ 0300 WAX
Operating Junction Temperature Range | T +175 °c C':; ':‘%DE :
Storage Temperature Range Tstg -65 to +200 °c
1.00 MIN
CASE 51
DO-7

**|ndicates JEDEC Registered Data.



1NB441A, B, C thru TNB456A, B, C (continued)

** ELECTRICAL CHARACTERISTICS (T4 = 26°C unless otherwise noted)

Characteristic—All Types Test Conditions Symbol Min Typ Max Unit
Reverse Breakdown Voltage IR = 10 uAdc BVR 30 - - Vdc
Reverse Voltage Leakage Current VR =25 Vdc, T = 25°C IR - - 0.02 uAdc

VR =25 Vdc, Tp = 150°C - - 20
Series Inductance f = 250 MHz, lead length==1/16" Ls - 4.0 10 nH
Case Capacitance f = 1.0 MHz, lead length =~1/16" Cc 0.1 0.17 0.25 pF
Diode Capacitance Temperature VR =4.0 Vdc, f= 1.0 MHz TCc - 300 400 ppm/°C
Coefficient (Note 6)
Cy, Diode Capacitance® TR, Tuning Ratio Q, Figure of Merit
Device VR =4.0 Vdc, f = 1.0 MHz C2/C30 VR =4.0 Vdc
pF f=1.0 MHz f=50 MHz
Min Nom Max Min Max Min
(Nom -10%) (Nom +10%)
1N5441A 6.1 6.8 7.5 25 3.1 450
1N5442A 7.4 8.2 9.0 25 31 450
1NS443A 9.0 10.0 11.0 2.6 31 400
1N5444A 10.8 120 13.2 26 3.1 400

1N5445A 135 15.0 16.5 2.6 31 400

1N5446A 16.2 18.0 19.8 2.6 3.1 350

1NG447A 18.0 20.0 22.0 2.6 31 350

1N5448A 19.8 22.0 24.2 2.6 3.2 350
1N5449A 24.3 27.0 29.7 2.6 3.2 350
1N5450A 29.7 33.0 36.3 2.6 3.2 350
1N5451A 35.1 39.0 429 26 3.2 300
1NG452A 42.3 47.0 51.7 26 3.2 250
1N5453A 50.4 66.0 61.6 2.6 33 200
1N5454A 61.2 68.0 74.8 2.7 3.3 175
1N5455A 73.8 82.0 90.2 2.7 3.3 175
1N5456A 90.0 100.0 110.0 27 33 175

**Indicates JEDEC Registered Data.

1. Lg, Series Inductance
Lg is measured on a shorted package at 250
MHz using an impedance bridge (Boonton
Radio Model 250A RX Meter or equivalent).

2. Cc, Case Capacitance
Cc is measured on an open package at 1.0
MHz using a capacitance bridge (Boonton
Electronics Model 75A or equivalent).

3. Ct, Diode Capacitance
(CT = Cc + Cy). C1is measured at 1.0 MHz
using a capacitance bridge (Boonton Elec-
tronics Model 75A or equivalent).

4. TR, Tuning Ratio
TR is the ratio of Ct measured at 2.0 Vdc
divided by Ct measured at 30 Vdc.

5. Q, Figure of Merit
Q is calculated by taking the G and C read-
ings of an admittance bridge at the specified
frequency and substituting in the following
equations:

2nfC
Q=

(Boonton Electronics Model 33AS8
or equivalent).

6. TC¢, Diode Capacitance Temperature

*To order devices with CT Nom £5.0% or +£2.0% add Suffix B or C respectively.

PARAMETER TEST METHODS

in the following equation, which defines TC.:

Coefficient Cr(+85°C) - Ccr(-65°C)| 106
TCc is guaranteed by comparing Ct at Vg = TCc= T T
4.0 vdc, f = 1.0 MHz, Tp = -65°C with C1 85 + 65 Cr(25°C)

at Vg = 4.0 Vdc, f = 1.0 MHz, T = +85°C
Accuracy limited by Cy measurement to
0.1 pF.

FIGURE 1 — NORMALIZED DIODE CAPACITANCE
versus JUNCTION TEMPERATURE
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TN5441A, B, C thru 1N5456A, B, C (continued)

Q, FIGURE OF MERIT Ct, DIODE CAPACITANCE (pF)

IR, REVERSE CURRENT (nA)

TYPICAL DEVICE PERFORMANCE

FIGURE 2 — DIODE CAPACITANCE versus REVERSE VOLTAGE
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200 t
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20
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FIGURE 3 — FIGURE OF MERIT
versus REVERSE VOLTAGE FIGURE 4 — FIGURE OF MERIT versus FREQUENCY
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N 54(fhlmA,B,0

1in5476A,B,

C

| VVC Pl

through the UHF range.

High Q at High Frequencies

SILICON EPICAP DIODES

Excellent Unit-to-Unit Uniformity

Guaranteed Temperature Coefficient
Capacitance Tolerances — 10%, 5.0%, and 2.0%
Complete Typical Design Curves

.. .a PREMIUM line of epitaxial, passivated, abrupt-junction tuning
diodes for critical and sophisticated frequency control applications

Guaranteed High Capacitance Tuning Range

VOLTAGE-VARIABLE
CAPACITANCE DIODES

6.8 — 100 pF
30 VOLTS

DO-7 GLASS

**MAXIMUM RATINGS

Rating Symbol Value Unit
Reverse Voltage VR 30 Volts
Device Dissipation @ T = 26°C Pp 400 mw
Derate above 25°C 2.67 mW/°C
Operating Junction Temperature Range [ T, +175 °c
Storage Temperature Range Tstg -65 to +200 °c

**Indi JEDEC Rogi Data.

/ 0.300 MAX
CATHODE !
BAND

CASE 51
DO-7




1N5461A, B, C thru 1N5476A, B, C (continued)

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

Characteristic—All Types Test Conditions Symbol Min Typ Max Unit
Reverse Breakdown Voltage IR = 10 pAdc BVR 30 - - Vdc
Reverse Voltage Leakage Current VR =25 Vdc, Tp = 25°C IR - - 0.02 pAdc

VR =25 Vdc, Ta = 150°C - - 20
Series Inductance f = 250 MHz, lead length ~1/16"" Ls - 4.0 10 nH
Case Capacitance f=1.0 MHz, lead length =~ 1/16" Cc 0.1 0.17 0.25 pF
Diode Capacitance Temperature VR =4.0 Vdc, f = 1.0 MHz TCe - 300 400 ppm/°C
Coefficient (Note 6)
Cr, Diode Capacitance® TR, Tuning Ratio Q, Figure of Merit
Device VR =4.0 Vdc, f= 1.0 MHz C2/C30 VR =4.0 Vdc
pF f= 1.0 MHz f=50 MHz
Min Nom Max Min Max Min
(Nom -10%) (Nom +10%)
1N5461A 6.1 6.8 7.5 2.7 31 600
1N5462A 7.4 8.2 9.0 2.8 31 600
1N5463A 9.0 10.0 11.0 28 3.1 550
1N5464A 10.8 12.0 13.2 2.8 3.1 550
1N5465A 135 15.0 16.5 28 3.1 550
1N5466A 16.2 18.0 19.8 29 3.1 500
1N5467A 18.0 20.0 22.0 29 3.1 500
1N6468A 19.8 22.0 24.2 2.9 3.2 500
1N5469A 24.3 27.0 29.7 29 3.2 500
1N6470A 29.7 33.0 36.3 29 3.2 500
1N5471A 35.1 39.0 42.9 29 3.2 450
1N5472A 42.3 47.0 51.7 2.9 3.2 400
1N5473A 50.4 56.0 61.6 29 33 300
1N5474A 61.2 68.0 74.8 29 3.3 250
1N5475A 73.8 82.0 90.2 29 3.3 225
1N5476A 90.0 100.0 110.0 29 3.3 200
*To order devices with CT Nom +5.0% or +2.0% add Suffix B or C respectively.
** JEDEC Regi d Data.
PARAMETER TEST METHODS

3.

Lg, Series Inductance

Lg is measured on a shorted package at 250
MHz using an impedance bridge (Boonton
Radio Model 260A RX Meter or equivalent).
Cc, Case Capacitance

Cc is measured on an open package at 1.0
MHz using a capacitance bridge (Boonton
Electronics Model 75A or equivalent).

Ct, Diode Capacitance

(Ct = Cc + Cy). Ct is measured at 1.0 MHz
using a capacitance bridge (Boonton Elec-
tronics Model 75A or equivalent).

. TR, Tuning Ratio

TR is the ratio of CT measured at 2.0 Vdc
divided by Ct measured at 30 Vdc.

. Q, Figure of Merit

Q is calculated by taking the G and C read-
ings of an admittance bridge at the specifjed

and substituting in the following

equations:

(Boonton Electronics Model 33AS8
or equivalent).

6. TCg, Diode Capacitance Temperature

Coefficient

TCc is guaranteed by comparing Ct at VR =
4.0 vdc, f = 1.0 MHz, Tp = -65°C with C1
at Vg = 4.0 Vdc, f=1.0 MHz, Tp = +85°C

in the following equation, which defines TC:
ct(+85°C) - C1(-65°C)
85 + 65

106

TC¢
c1(25°C)

Accuracy limited by Ct measurement to
+0.1 pF.

FIGURE 1 — NORMALIZED DIODE CAPACITANCE
versus JUNCTION TEMPERATURE
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1N5461A, B, C thru 1N5476A, B, C (continued)

Q, FIGURE GF MERIT Ct, DIODE CAPACITANCE (pF)

IR, REVERSE CURRENT (nA)

TYPICAL DEVICE PERFORMANCE

FIGURE 2 — DIODE CAPACITANCE versus REVERSE VOLTAGE
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TN5461A, B, C thru TN5476A, B, C (continued)

EPICAP VOLTAGE-VARIABLE CAPACITANCE DIODE DEVICE CONSIDERATIONS
A. Epicap Network Presentation FIGURE7
The equivalent circuit in Figure 7 shows the voltage capacitance A\
and parasitic elements of an EPICAP diode. For design purposes at Cc Al
all but very high and very low frequencies, Lg, R, and C¢ can be cy \L¥
neglected. The simplified equivalent circuit of Figure 8 represents >4l
the diode under these conditions.
Definitions: F':, Rs Ls
Cj — Voltage-Variable Junction Capacitance O- WA —MN——YY Y40
Rg — Series Resistance (semiconductor bulk, contact, and
lead resistance) FIGURE 8
Cc — Case Capacitance R
Ls — Series Inductance o N4 A'Ai o
Ry — Voltage-Variable J ion Resi: {negligible above
100 kHz)
B. Epicap Capacitance versus Reverse Bias Voltage Ctr=Cc+Cy (1
The most important design characteristic of an EPICAP diode is C,
the Ct versus VR variation as shown in equations 1 and 2. Tuning Cr=Cc+
Ratio, TR, between any two voltage points on curve of equation (2) (1 . V_R)7 @
is determined from eéguations (3) and (4). o
) . - Cy1 _[VR2+¢ )"
C. Epicap C; versus F TR Junction= — = | ———
Variations in EPICAP effective capacitance, as a function of oper- C, ( VR1+¢ 3
ating frequency, can be derived from a simplified equivalent circuit cT1 Cyp+Cc
similar to that of Figure 7, but neglecting Rg and Rj. The admittance TR Diode= —— = ———
expression for such a circuit is given in equation 5. Examination of Cr2 Cy2+Cc (4)
equation 5 yields the following information:
At low f ies, Coq~ CJ; at very high f jes (f ~ o) Co=Cyat Vg =0
low frequencies, Coq = Cy; at very high frequencies VR = Reverse Bias (Volts) *
Ceq =~ CcC- 7, Diode Power Law, - 0.44
As frequency is increased from 1.0 MHz, Cqq increases until it is ¢, Contact Potential, = 0.6 Volt
maximum at w2 = 1/LgCy; and as w?2 is increased from 1/LgCy C¢ =0.17 pF
toward infinity, Ceq increases from a very negati i
(inductance) toward ceq = C¢, a positive capacitance.
Very simple calculations for Ceq at higher frequencies indicate jwCy
the problems encountered when capacity measurements are made Y =jwCeq = jwCc+ ——— (5)
above 1.0 MHz. As w approaches w = 1/,/LgCy, small variations 1 - w2LgCy
in Lg cause extreme variations in d diode capaci
Xseq
D. EPICAP Figure of Merit (Q) and Cutoff Frequency (fco) = Res (6)
The efficiency of EPICAP response to an input frequency is re- Sea CiR 2
lated to the Figure of Merit of the device as defined in equation 6. Q s= bl @
For very low frequencies, equation 7 applies whereas at high fre- L
" g ) . Ry + Rg(1 + w2Cy2R ;2
quencies, where R can be neglected, equation 6 may be rewritten 1
into the familiar form of equation 8. Qne= (8)
Another useful parameter for EPICAP devices is the cutoff fre- wRsCeq
quency (fco), and is the frequency point where Q is equal to 1. - af 1 -
) Equation 9 gives this relationship. co max 2rRSCBVR (
E. Harmonic Generation Using EPICAPS _M(BVR +912 fin (10)
Efficient harmonic generation is possible with EPICAPS because Pin{max) Rs fco
of their high cutoff frequency and breakdown voltage. Since EPICAP
junction capacitance varies inversely with the szguare root of the M(x2) = 0.0285; M(x3) = 0.0241; M(x4) = 0.196
breakdownvoltage, harmonic generator performance can be accurately fout
predicted from various idealized models. Equation 10 gives the Eff=1-N . an
level of maximum input power for the EPICAP and equation 11 gives co
the relationships governing EPICAP circuit efficiency. In these N(x2) = 20.8; N(x3) = 34.8; N(x4) = 62.5
equations, adequate heat sinking has been assumed. M and N are Constants




1N55|8, A, B (SILICON)

thru

1n5546, A, B

LOW VOLTAGE AVALANCHE SILICON OXIDE

PASSIVATED ZENER REGULATOR DIODES

Highly reliable silicon regulators utilizing an oxide~passivatéd junc-
tion for long-term voltage stability. RamRod construction provides
a rugged, glass-enclosed, hermetically sealed structure.

Low Zener Noise Specified

Low Maximum Regulation Factor
Low Zener Impedance

Low Leakage Current

Controlled Forward Characteristics
Temperature Range: -65 to +200°C

LOW VOLTAGE AVALANCHE
ZENER DIODES

400 MILLIWATTS
3.3 THRU 33 VOLTS

MAXIMUM RATINGS

Rating Symbol Value Unit
DC Power Dissipation @ T = 50°C Pp 400 mw
Derate above 50°C 266 mW/°C
DC Power Dissipation @ T_ = 50°C Pp 500 mwW
Lead Length = 1/8"
Derate above 50°C (Figure 1) 33 mwW/°C
Operating and Storage Junction T4 Tstg -65 to +200 °c
Temperature Range

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

readily solderable and weldable.
POLARITY: Cathode indicated by polarity band.

WEIGHT: 0.2 Gram (approx)
MOUNTING POSITION: Any

All external surfaces are corrosion resistant and leads are

FIGURE 1 — POWER-TEMPERATURE DERATING CURVE
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ELECTRICAL CHARACTERISTICS

1N5518, A, B thru 1N5546, A, B (continued)

(TA = 25°C unless otherwise noted. Based on dc measurements at thermal equilibrium;
VE = 1.1 Max @ | = 200 mA for all types)

B-C-D Suffix
B-C-D Suffix Max Noise Density
Nominal Max Zener Impedance | Max Reverse Leakage Current Maximum atlz = 250 uA Regulation Low

Zener Voltage Test B-C-D Suffix DC Zener Current Np Factor vz
JEDEC Vzelzy Current ZzT1 @127 IR VR — Volts Izm {Figure 1) avz Current
Type No. Volts (P33 Ohms uAdc Non & A- |B-C-D mAdc (micro-volts per Volts IzL
(Note 1) (Note 2) mAdc (Note 3) (Note 4) Suffix Suffix (Note 5) square root cycle) (Note 6) mAde
1N5518 33 20 26 5.0 0.90 1.0 115 0.5 0.90 2.0
1N5519 3.6 20 24 3.0° 0.90 1.0 105 0.5 0.90 20
1N5520 39 20 2 1.0 0.90 1.0 98 0.5 0.85 20
1N5521 4.3 20 18 3.0 1.0 1.5 88 0.5 0.75 2.0
1N5522 4.7 10 22 2.0 1.5 2.0 81 0.5 0.60 1.0
1N5523 5.1 5.0 26 2.0 20 25 7% 0.5 0.65 0.25
1N5524 5.6 3.0 30 2.0 3.0 35 68 1.0 0.30 0.25
1N5525 6.2 1.0 30 1.0 4.5 5.0 61 1.0 0.20 0.01
1N5526 6.8 1.0 30 1.0 5.5 6.2 56 1.0 0.10 0.01
1N5527 7.5 1.0 35 0.5 6.0 6.8 51 20 0.05 0.01
1N5528 8.2 1.0 40 05 6.5 7.5 46 4.0 0.05 0.01
1N5529 9.1 1.0 45 0.1 7.0 8.2 42 4.0 0.05 0.01
1N5530 10.0 1.0 60 0.05 8.0 9.1 38 4.0 0.10 0.01
1N5531 1.0 1.0 80 0.05 9.0 9.9 35 5.0 0.20 0.01
1N5532 12.0 1.0 80 0.05 9.5 10.8 32 10 0.20 0.01
1N5533 13.0 1.0 90 0.01 10.5 1.7 29 15 0.20 0.01
1N5634 14.0 1.0 100 0.01 1.5 12.6 27 20 0.20 0.01
1N5535 15.0 1.0 100 0.01 125 135 25 20 0.20 0.01
1N5536 16.0 1.0 100 0.01 13.0 14.4 24 20 0.20 0.01
1N5537 17.0 1.0 100 0.01 14.0 15.3 22 20 0.20 0.01
1N5538 18.0 1.0 100 0.01 15.0 16.2 21 20 0.20 0.01
1N5539 19.0 1.0 100 0.01 16.0 171 20 20 0.20 0.01
1N5540 20.0 1.0 100 0.01 17.0 18.0 19 20 0.20 0.01
1N5541 220 1.0 100 0.01 18.0 19.8 17 20 0.25 0.01
1N5542 24.0 1.0 100 0.01 20.0 21.6 16 20 0.30 0.01
1N5543 25.0 1.0 100 0.01 21.0 224 15 20 0.35 0.01
1N5544 28.0 1.0 100 0.01 23.0 25.2 14 20 0.40 0.01
1N5545 30.0 1.0 100 0.01 240 27.0 13 20 0.45 0.01
1N5546 33.0 1.0 100 0.01 28.0 29.7 12 20 0.50 0.01

NOTE 1 — TOLERANCE AND VOLTAGE DESIGNATION

The JEDEC type numbers shown are +20% with guaranteed
limits for only V2, IR, and Vg. Units with A’ suffix are £10%
with guaranteed limits for V2, Ig, and V. Units with guaranteed
limits for all six parameters are indicated by a ‘B suffix for
+6.0% units, “'C"* suffix for £2.0% and "'D"" suffix for +1.0%.

NOTE 2 — ZENER VOLTAGE (Vz) MEASUREMENT

Nominal zener voltage is measured with the device junction in
thermal equilibrium with ambient temperature of 25°C.

NOTE 3 — ZENER IMPEDANCE (Z7z) DERIVATION

The zener impedance is derived from the 60 Hz ac voltage, which
results when an ac current having an rms value equal to 10% of
the dc zener current (1zT) is superimposed on IzT.

NOTE 4 — REVERSE LEAKAGE CURRENT (IR)

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

NOTE 5 — MAXIMUM REGULATOR CURRENT (izm)

The maximum current shown is based on the maximum voltage
of a 5.0% type unit, therefore, it applies only to the “’B" suffix
device. The actual Iz for any device may not exceed the value
af 400 milliwatts divided by the actual Vz of the device.

NOTE 6 —~ MAXIMUM REGULATION FACTOR (AVZz)

AVz is the maximum difference between Vz at Iz and Vz
at 17| measured with the device junction in thermal equilibrium.




1N5518, A, B thru 1N5546, A, B (continued)

ZENER NOISE DENSITY

A zener diode generates noise when it is biased in the zener direc-
tion. A small part of this noise is due to the internal resistance asso-
ciated with the device. A larger part of zener noise is a result of the
zener breakdown phenomenon and is called microplasma noise.
To eliminate the higher frequency components of noise a small
shunting capacitor can be used. The lower frequency noise generally
must be tolerated since a capacitor required to eliminate the lower
frequencies wouid degrade the regulation properties of the zener in
many applications.

Motorola is rating this series with a maximum noise density at
250 microamperes, a bandwidth of 2.0 kHz and a center frequency
of 2.0 kHz.

Noise density decreases as zener current increases. The junction
temperature will also change the zener noise levels, thus the noise
rating must indicate frequency, bandwidth, current level and
temperature.

The block diagram shown in Figure 2 represents the method used
10 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 frequency and bandpass is
known so that the noise density in volts RMS per square root cycle
can be calculated.

FIGURE 2 — NOISE DENSITY MEASUREMENT METHOD

AMMETER  LOAD AMPLIFIER
RESISTOR
* 51k TRUE
0C PoweR TEST ZENERAS V2 f Vo | S
-o- 1 o3y || METER
NOISE DENSITY (VOLTS PER SQUARE ROOT BANDWIDTH) = Vou

OVERALL GAIN v'BW

WHERE: BW = FILTER BANDWIDTH (Hz)
Vout = OUTPUT NOISE (VOLTS RMS)

FIGURE 3 — TYPICAL CAPACITANCE

FIGURE 4 — TYPICAL FORWARD CHARACTERISTICS
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1N 5758,A thru 5762,A (SILICON)

SILICON 3-LAYER BILATERAL TRIGGERS

... Annular , two terminal devices that exhibit bi-directional negative
resistance switching characteristics. These economical, durable de-
vices have been developed for use in thyristor triggering circuits for
lamp drivers and universal motor speed controls.

® Switching Voltage Range — 20 to 36 Volts Nominal
® Symmetrical Characteristics

® Passivated Surface for Reliability and Uniformity

SILICON
BILATERAL TRIGGERS

*MAXIMUM RATINGS (Tp = 25°C unless otherwise noted)

Rating Symbol Value Unit

Peak Pulse Current Ipulse Amp

(30 us duration, 120 Hz 2.0

repetition rate)
Power Dissipation @ Tp = -40 to +25°C Pp 300 mWw

Derate above 25°C 4.0 mw/°C
Operating Junction Temperature Range Ty -40 to +100 oc
Storage Temperature Range Tstg -40 to +150 °c

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

Characteristic Symbol Min Max Unit
Switching Voltage Vg Volts
(Both Directions) 1N5758 16 24
1N5759 20 28
1N5760 24 32
1N5761 28 36
1N5762 32 40
TN5758A 18 22
1NG5759A 22 26
1N5760A 26 30
IN5761A 30 34
1NG5762A 34 38
Switching Current Is MA
(Both Directions) 1N5758/5762 - 100
(Ta =-40t0 +75°C) 1N5758A/5762A - 25
Switching Voltage Change Av Volts
(Both Directions) 1N5758,A,1N5759,A 5.0 -
(Al=Igtol =10mA) 1N5760,A,61,A,62,A 7.0 -
Leakage Current g A
(Both Directions), (Applied Voltage = 14 Volts) - 10
Switching Voltage Symmetry (Vg+)-(Vg-) Volts
1N5758/5762 - +4.0
1N5758A/5762A - +2.0
Peak Pulse Amplitude (Figure 1) Volts
(Both Polarities) 1N5758,A,1N5759,A 3.0 -
1N5760,A,61,A,62,A 5.0 -

*indicates JEDEC Registered Data.

1-45
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1N5758,A thru 1TN5762,A (continued)

TYPICAL ELECTRICAL CHARACTERISTICS

FIGURE 1 — PEAK PULSE AMPLITUDE TEST CIRCUIT

FIGURE 2 — VOLT-AMPERE CHARACTERISTICS
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IN... & 3N... JEDEC REGISTERED
DEVICE SPECIFICATIONS

TRANSISTORS
Amplifier
Chopper
Light Sensitive
Multiple Device
Power
Switching
Unijunction

THYRISTORS & TRIGGERS







n5016 (SILICON)

The RF Line

e High Power Output —

work Design

Pout = 15 W (Min) @ f = 400 MHz
o Balanced Emitter Construction to Assure Ruggedness and Resist
Transistor Damage Due to Load Mismatch

e Large-Signal Impedance Data Provided to Simplify Matching Net-

NPN SILICON RF POWER TRANSISTOR

. . . designed for VHF and UHF power amplifier applications in
military and industrial equipment.

Suited for use in Class B or C
amplifier applications to 600 MHz.

15 W-400 MHz
RF POWER
TRANSISTOR

NPN SILICON

*MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 30 Vdc
Collector-Base Voltage Vcs 65 Vdc
Emitter-Base Voltage VEB 4.0 Vdc
Collector Current - Continuous Ic 4.5 Adc
Base Current-Continuous g 15 Adc
Total Device Dissipation @ T¢ = 50°C Pp 30 Watts

Derate above 50°C 0.2 w/°c
Operating and Storage Junction Ty Tstg -65 to +200 oc
Temperature Range

*Indicates JEDEC Registered Data.
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2N5016 (continued)

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

L Characteristic J Symbol Min Typ Max J Unit

OFF CHARACTERISTICS

Collector-Emitter Sustaining Voltage (1) VCEO(sus) 30 - - Vdc
(Ic = 200 mAdc, Ig = 0)

Collector-Emitter Sustaining Voltage (1) VCER(sus) 40 - = Vdc
(I = 200 mAdc, Rgg = 30 ohms)

Collector Cutoff Current ICEV mAdc
(VcE = 60 Vdc, VEB(off) = 1.5 Vdc) - - 10
(VCE = 30 Vde, VEB(off) = 1.6 Vde, T¢ = 150°C) - - 10

Emitter Cutoff Current leBO - — 5.0 mAdc
(VEg=4.0Vdc, Ic= 0)

ON CHARACTERISTICS

DC Current Gain hrg
(Ic = 500 mAdc, VcE = 4.0 Vdc) 10 - 200
(Ic = 4.5 Adc, Vg = 4.0 Vdc) 3.0 - -

DYNAMIC CHARACTERISTICS

Current-Gain-Bandwidth Product (2) fr 500 - - MHz
(I¢c =500 mAdc, Vcg = 15 Vdc, f = 400 MHz)

Output Capacitance Cob - 20 25 pF
(Veg =30 vdc, Ig = 0, f- 1.0 MHz)

FUNCTIONAL TEST

Power Input Pin - - 5.0 Watt
(Pout= 15 W, Vg = 28 Vdc, f = 400 MHz)

Collector Efficiency n 50 — — %
(Pin = 5.0W, Poy¢= 15 W, Ve = 28 Vdc, f = 400 MHz)

*Indicates JEDEC Registered Data.
(1) Pulsed thru 256 mH Inductor @ 50% Duty Cycle.

(2) fy is defined as the frequency at which |h-fe| extrapolates to unity.

FIGURE 1 — 400 MHz POWER OUTPUT TEST CIRCUIT
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2N5016 (continued)

FIGURE 2 — POWER OUTPUT versus FREQUENCY FIGURE 3 — POWER OUTPUT versus FREQUENCY
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2N5016 (continued)

Rin. INPUT RESISTANCE (OHMS) Cin. INPUT CAPACITANCE (pF)

Cout, OUTPUT CAPACITANCE (pF)

PARALLEL EQUIVALENT INPUT CAPACITANCE versus FREQUENCY

FIGURE 8 — Vg = 13.6 Vdc

FIGURE 9 — Vg = 28 Vdc
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an5031 (siwicon)
2n5032

NPN SILICON RF SMALL-SIGNAL TRANSISTORS

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

amplifiers in military and industrial equipment. Suitable for use in NPN SILICON
video wideband and general high-frequency amplifier applications RF SMALL-SIGNAL
of 60 to 1000 MHz. TRANSISTORS

® Low Noise Figure —
NF = 2.5 dB (Max) @ f = 4560 MHz (2N5031)

® High Power Gain —
Gpe = 17 dB (Typ) @ f = 450 MHz

® High Current-Gain—Bandwidth Product —
fT = 1000 MHz (Min) @ Ic = 5.0 mAdc

*MAXIMUM RATINGS ‘] 0z [~
0.178 DA
352 DIA —
Rating Symbol Value Unit 0.195
Collector-Emitter Voltage VCEO 10 Vde 0 gm
Collector-Base Voltage vee 15 Vde b
Emitter-Base Voltage VEB 3.0 Vde ]
Collector Current — Continuous Ic 20 mAdc 0.5'00
0016 / i
Total Device Dissipation@Ta = 25°C Pp 200 mwW oo1g DA
Derate above 25°C 114 mw/°C
Operating and Storage Junction Ty Tstg " -65 to +200 °c
Temperature Range 0050 1=
*Indicates JEDEC Registered Data.

CASE 20(10)
TO-72




2N5031, 2N5032 (continued)

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherw

ise noted)

L

Max | Unit ‘

Characteristic Symbol Min Typ
OFF CHARACTERISTICS
*Collector-Emitter Breakdown Voltage BVceo 10 - ~ Vdc
(Ic = 1.0 mAdc, Ig = 0)
*Collector-Base Breakdown Voltage BVcBo 15 - - Vdc
(I = 0.01 mAdc, Ig = 0)
*Emitter-Base Breakdown Voltage BVEBO 3.0 - - Vdc
(I = 0.01 mAdc, I = 0)
*Collector Cutoff Current IcBO - 1.0 10 nAdc
(Vcg = 6.0 Vdc, I = 0)
ON CHARACTERISTICS
*DC Current Gain hEE 25 - 300 -
(I = 1.0 mAdc, Vg = 6.0 Vdc)
Collector-Emitter Saturation Voltage VCE(sat) - 0.35 - Vdc
(ic = 10 mAdc, Ig = 1.0 mAdc)
Base-Emitter Saturation Voltage VBE(sat) — 1.0 - Vdc
(Ic = 10 mAdc, Ig = 5.0 mAdc)
DYNAMIC CHARACTERISTICS
*Current-Gain—Bandwidth Product fr 1000 - 3500 MHz
(Ic = 5.0 mAdc, Vcg = 6.0 Vdc, f = 100 MHz)
*Output Capacitance Ceb - 1.3 1.5 pF
(VCE = 6.0 Vdc, Ig =0, f= 0.1 MHz)
Collector-Base Time Constant b Ce - 5.0 - ps
(I¢c = 6.0 mAdc, Vg = 6.0 Vdc, f = 31.8 MHz)
*Noise Figuret (Figure 1) NF dB
(Ic = 1.0 mAdc, VCg = 6.0 Vdc, f = 450 MHz) 2N5031 - - 25
2N5032 - - 3.0
FUNCTIONAL TEST
*Common-Emitter Amplifier Power Gaint (Figure 1) Gpe 14 17 25 dB
(VCE = 6.0 Vdc, Ic = 1.0 mAdc, f = 450 MHz)

*Indicates JEDEC Registered Data.
tTuned for Minimum Noise.

FIGURE 1 — POWER GAIN AND NOISE FIGURE TEST CIRCUIT

FIGURE 2 — COLLECTOR-BASE CAPACITANCE versus VOLTAGE
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2N5031, 2N5032 (continued)

FIGURE 3 — CURRENT-GAIN-BANDWIDTH PRODUCT
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2N5031, 2N5032 (continued)

NF, NOISE FIGURE (dB)

Yie, INPUT ADMITTANCE (mmhos)

FIGURE 7 — NOISE FIGURE versus FREQUENCY
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FIGURE 9 — INPUT ADMITTANCE versus FREQUENCY
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2N5050 (SILICON)
w5051
5052

® High Voltage Ratings —

VCEO = 125, 150 and 200 Vdc

® [ow Collector-Emitter Saturation Voltage —
VCE(sat) = 1.0 Vdc (Max) @ Ic = 0.75 Adc

® Packaged in the Compact, High Efficiency TO-66 Case

MEDIUM-POWER NPN SILICON TRANSISTORS

. . designed for untuned amplifier and switching applications.

2 AMPERE
POWER TRANSISTORS

NPN SILICON

125-200 VOLTS
40 WATTS

*MAXIMUM RATINGS

Rating Symbol | 2N5050 | 2N5051 | 2N5052 | Unit
Collector-Emitter Voltage VceEo 125 150 200 Vdc
Collector-Base Voltage Ve 125 150 200 Vdc
Emitter-Base Voltage VEB 6.0 Vdc
Collector Current — Continuous ic 2.0 Adc
Base Current g 1.0 Adc
Total Device Dissipation @ T = 25°C Pp 40 - Watts

Derate above 25°C 0.266 w/oc
Operating Junction Temperature Range Ty -65 to +175 oc
Storage Temperature Range Tstg -65 to +200 oc

*THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case 84c 3.76 oc/w
*Indicates JEDEC Registered Data.
FIGURE 1 — ACTIVE-REGION SAFE OPERATING AREA
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2N5050, 2N5051, 2N5052 (continued)

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

Characteristic r Symbol Min Max Unit
*OFF CHARACTERISTICS
Collector-Emitter Sustaining Voltage (Note 1) VCEO(sus) Vde
(Ic =200 mAdc, Ig = 0) 2N5050 125 -
2N5051 150 -
2N5052 200 -
Collector-Emitter Cutoff Current IceEQ mAdc
(VcE = 62.5 Vdc, Ig = 0) 2N5050 - 0.1
(Ve =75 Vdc, I1g = 0) 2N5051 - 0.1
(Vcg = 100 Vdc, I1g = 0) 2N5052 - 0.1
Collector-Emitter Cutoff Current ICEX mAdc
(Vcg = Rated Vg, VEB(off) = 1.5 Vdc) - 0.5
(VcE = Rated VCEQ. VEB(off) = 1.5 Vdc, T¢ = 150°C) - 5.0
Emitter-Base Cutoff Current leBO - 0.1 mAdc
(Vgg = 6.0 Vdc, I = 0)
*ON CHARACTERISTICS
DC Current Gain (Note 1) heE _
(Ic = 0.75 Adc, Vg = 5.0 Vde) 25 100
(lc = 1.0 Adc, VcE = 5.0 Vde) 25 -
{Ic = 2.0 Adc, Vg = 5.0 Vdc) 5.0 -
Collector-Emitter Saturation Voltage (Note 1) VCE (sat) Vdc
(Ic = 0.75 Adc, Ig = 0.1 Adc) - 1.0
(Ic =2.0 Adc, Ig = 0.4 Adc) - 5.0
Base-Emitter On Voltage (Note 1) VBE (on) - 1.2 Vde
(Ic = 0.75 Adc, Vg = 5.0 Vdc)
*DYNAMIC CHARACTERISTICS
Current-Gain—Bandwidth Product fr 10 - MHz
(Ic = 250 mAdc, Vcg = 10 Vdc, f = 5.0 MHz)
Small-Signal Current Gain he 25 - -
(Ig = 250 mAdc, Vcg = 10 Vdc, f = 1.0 kHz)
Common Base Output Capacitance Cob - 250 pF
(Ve =10 Vdc, Ig =0, f = 100 kHz)
*SWITCHING CHARACTERISTICS
Rise Time (Ve = 120 Vde, I = 750 mAde, tr - 300 ns
Storage Time R =150 Ohms, ts - 35 us
Ig1 = Ig2 = 100 mA
Fall Time 81= 182 mAde) t — 12 us
*Indicates JEDEC Registered Data. Note 1: Pulse Test: Pulse Width <300 s, Duty Cycle <2.0%.
FIGURE 2 — THEI’-!MA!T RESPONSE
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2N5060 (SILICON)

thru

5064

—

PLASTIC THYRISTORS

PLASTIC SILICON
CONTROLLED RECTIFIERS

0.8 AMPERE RMS
30 thru 200 VOLTS

. . Annular PNPN devices designed for high volume consumer
applications such asrelay and lamp drivers, small motor controls, gate
drivers for larger thyristors, and sensing and detection circuits.
Supplied in an inexpensive plastic TO-92 package which is readily
adaptable for use in automatic insertion equipment.

@ Sensitive Gate Trigger Current — 200 uA Maximum

Low Reverse and Forward Blocking Current —
50 uA Maximum, T = 125°C

Low Holding Current — 5.0 mA Maximum

o Passivated Surface for Reliability and Uniformity

MAXIMUM RATINGS(1)

Rating Symbol Value Unit
Peak Reverse Blocking Voltage VRRM Volts
2N5060 30
2N5061 60" 0.175 0.170
IN5062 100* T o205 [~ [Tozn
2N5063 150* T
2N5064 200* SEATING PLANE
Forward Current RMS (See Figures 4 & 5) IT(RMS) 0.8 Amp A i -
(All Conduction Angles) *
Peak Forward Surge Current, Tp = 26°C ITsm 6.0" Amp Leads to fit into
(1/2 cycle, Sine Wave, 60 Hz) B%g %
Circuit Fusing Considerations, T = 25°C 12¢ 0.15 A2s DIA HOLE (TYP)——|
(t=1.0to 8.3 ms)
Peak Gate Power — Forward, T = 25°C PGM 0.1* Watt ' 008
Average Gate Power — Forward, T = 26°C PGF(AV) 0.01* Watt g'g—-g—g -——‘ 0.105
Peak Gate Current — Forward, T = 26°C IGFM 1.0* Amp 0,045
(300 us, 120 PPS) STYLE 10 0.055
Peak Gate Voltage — Reverse VGRM 5.0 Volts Pin ;: g‘mode
Operating Junction Temperature Range @ Rated Ty -65 to +125* oc 3. Anode 0,003
VRRM and VDRM —T i . /~aam B
Storage Temperature Range Tstg -65 to +150* oc 123
Lead Solder Temperature - +230* oc 1 .y
{<1/16" from case, 10 s max)
0.085 o 0.045
0080 10.095 0055 0.125
0.105 0.165
. CASE 29-02

Indi JEDEC Regi Data.

(1) Temperature reference point for all case temperatures in center of flat portion
of package. (T¢c = +125°C unless otherwise noted.)




2N5060 thru 2N5064 (continued)

ELECTRICAL CHARACTERISTICS (RgK = 1000 Ohms)

Characteristic Symbol Min Max Unit
Peak Forward Blocking Voltage (Note 1) VDRM Volts
(Tg = 125°C) : 2N5060 30" -
2N5061 60* -
2N5062 100* -
2N5063 150* -
2N5064 200* -
Peak Forward Blocking Current IDRM - 50" A
(Rated VpRM @ Tc = 1259C)
Peak Reverse Blocking Current IRRM — 50* A
(Rated VRRM @ T¢ = 125°C) .
Forward “On" Voltage (Note 2) VTm - 1.7* Volts
{11\ = 1.2 A peak @ Tp = 25°C) )
Gate Trigger Current (Continuous dc) (Note 3) Tc = 25°C IgT - 200 MA
(Anode Voltage = 7.0 Vdc, R|_= 100 Ohms) Tc =-65°C - 350"
Gate Trigger Voltage (Continuous dc) Tc = 25°C VGT - 0.8 Volts
(Anode Voltage = 7.0 Vdc, Ry_ = 100 Ohms) Tc =-65°C - 1.2*
{Anode Voltage = Rated VpgMm, Ry = 100 Ohms) Tc = 125°C VGD 0.1 -
Holding Current Tc=25°C Iy - 5.0 mA
(Anode Voltage = 7.0 Vdc, initiating current = 20 mA) Tc= -65°C — 10*
Thermal Resistance, Junction to Case (Note 4) 8ic - 75" ociw
Thermal Resistance, Junction to Ambient 0JA - 200 oc/w
* " "
Ind JEDEC Regi ed Data.
1. Vprmand VgR\ for all types can be applied on acontinuous 2. Forward current applied for 1.0 ms maximum duration, duty
dc basis without incurring damage. Ratings apply for zero or cycle £1.0%.
negative gate voltage but positive gate voltage shail not be 3. Rg current is not included in measurement.

applied concurrently with a negative potential on the anode.
When checking forward or reverse blocking capability, thyris-
tor devices should not be tested with a constant current source
in a manner that the voltage applied exceeds the rated blocking
voltage.

FIGURE 1 — SURGE RATINGS
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. This measurement is made with the case mounted '‘flat side

down’’ on a heat sink and held in position by means of a metal
clamp over the curved surface.

FIGURE 2 — POWER DISSIPATION
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2N5060 thru 2N5064 (continued)

FIGURE 3 — FORWARD VOLTAGE

FIGURE 4 — CURRENT DERATING
(REFERENCE: CASE TEMPERATURE)
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2N5060 thru 2N5064 (continued)

TYPICAL CHARACTERISTICS

FIGURE 7 — GATE TRIGGER VOLTAGE

0.8

0.7 N

0.6 \

05

VGT. GATE VOLTAGE (VOLTS)

e AN

AN

03 ' ~N

-50 -25 0 25 50 75 100 125

Ty, JUNCTION TEMPERATURE (°C)

FIGURE 9 — HOLDING CURRENT
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FIGURE 10 — CHARACTERISTICS AND SYMBOLS

TYPICAL V — | CHARACTERISTICS ON-STATE
? IH A+ BLOCKING

) STATE
VRRM _.___'j//
-— T
[]

SELECTED THYRISTOR-TRIGGER
APPLICATION NOTES

AN-240 — SCR Power Control Fundamentals

AN-290A — Mounting Procedure for, and Thermal Aspects of,
Thermopad Plastic Power Devices

AN-295 — Suppressing RF! in Thyristor Circuits

AN-422 — Testers for Thyristors and Trigger Diodes

AN-453 — Zero Point Switching Techniques

To obtain copies of these notes list the AN number(s)
on your company letterhead and send your request to:

Technical Information Center
Motorola Semiconductor Products, Inc.

P.O. Box 20924

Phoenix, Arizona 85036



an5067 (siicon
2n5068
2n5069

NPN power transistors for use in power amplifier
and switching circuits. Complement to PNP 2N4901

CASE 11 thru 2N4903.
(T0-3)

MAXIMUM RATINGS

Rating Symbol [2N5067[2N50682N5069|  Unit
Collector-Emitter Voltage VCEO 40 60 80 Vde
Collector-Base Voltage vCB 40 60 80 Vdc
Emitter-Base Voltage VEB 5.0 Vdc
Collector Current — Continuous Ic 5.0 Adc
Base Current - Continuous IB 1.0 Adc
Total Device Dissipation @TC =25°C PD 87.5 Watts

Derate above 25°C 0.5 w/°C
Operating & Storage Junction T, T -65 to +200 °C
J’ “stg
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case BJC 2.0 °C/wW

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted)
L Characteristic I Fig. No. I Symbol L Min I Max —L Unit ]
OFF CHARACTERISTICS

Collector-Emitter Sustaining Voltage (1) v

Vdc
(Ig = 0.2 Ade, T =0) 2N5067 CEO(sus) 40 -
2N5068 n 60 -
2N5069 80 -
Collector Cutoff Current ICEO : mAdc
(VCE = Rated Veeo Iy = 0) - 1.0
Collector Cutoff Current ICEX ' mAdc
(Vog =Rated Vo, VEBofr) = 13 Vdc) - 1.0

(V.. = Rated V =1.5 Vde, T o= 150°C) 5,6 . 2.0

CE ceo’ VEB(off)
Collector Cutoff Current I mAdc

(Vg = Rated Vep, 1. = 0) 5,6 CBO - 1.0
Emitter Cutoff Current I mAdc
(Vgp =5.0Vdc, I, =0) EBO - 1.0

(V) pulse Test, PW =300 is, Duty Cycle = 2. 0%



2N5067, 2N5068, 2N5069 (continued)

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

I Characteristic l Fig. No. | Symbol 1 Min Max I Unit
ON CHARACTERISTICS
DC Current Gain (1) hFE -
(I =1.0 Ade, Vo = 2.0 Vdc) 1 20 80
(Ig =5.0 Ade, Vo = 2.0 Vdc) 7.0 -
Collector-Emitter Saturation Voltage (1) \2 Vdc
(I = 1.0 Ade, 15 =0.1 Adc) ©2,3,4 CE(sat) - 0.4
(I = 5.0 Ade, Iy = 1.0 Adc) - 1.5
Base-Emitter On Voltage 31} A Vdc
(I.=1.0Adc, V,._ = 2.0 Vdc) 3,4 BE(on) , 1.2
C CE
SMALL-SIGNAL CHARACTERISTICS
Current-Gain— Bandwidth Product f,r MHz
(I = 1.0 Ade, Vo =10 Vdc, f = 1.0 MHz) 4.0 -
Small-Signal Current Gain hfe -
(1o = 500 mAde, V. =10 Vde, f =1.0 kHz) 20 -
(1) Pulse Test, PW =300 us, Duty Cycle ~ 2.0%
"FIGURE 1 — NORMALIZED DC CURRENT GAIN
10 T T —TT T T
70 1,=115°C ¥_¥ jc e
g 50 A L=5 —— Vee =20V
§ £ = o e s e = e e 1 Y —— = Vee=10V.
- - T — =4
0=t = =R
= [ o s sl C
3 0 = \Vl b b ™ S
E 07 = T,=—55°C =
§ 0Ss = = <
§ 03
02
0.1
0.005 0007 001 0.02 0.03 005 007 01 02 03 05 07 1.0 20 30 5.0
Ic, COLLECTOR CURRENT (AMP)
FIGURE 2 — COLLECTOR SATURATION REGION
20
2
g 16
5 lc=10mA le = 100mA lc=10A lc=30A
=
g 12
& \
5 \
g 08
& [ n=+mc |
E \
8 o \
>0 .~
0
005 007 0.1 02 03 05 07 10 20 30 50 70 10 20 30 50 70 100 200 300 500
15, BASE CURRENT (mA)
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2N5067, 2N5068, 2N5069 (continued)

FIGURE 3 — “ON" VOLTAGES

FIGURE 4 — TEMPERATURE COEFFICIENTS

20 +25 T
X “APPLIES FOR Ic/Iy=<hee/2 A
5 120 T, = ~55°C to +175°C
16 < 415
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@ +10
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L1 | Vee @ Vee = 20V y = L
// § -1.0
04 A 515 af
N V'] |
Vee(ut @lc/lp =10 o 2 50 .\'lor. ® T T
L 4 L
0 H— el 1]
0005 001 002003 005 01 0203 05 10 20 30 50 0005 001 002003005 01 0203 05 10 20 30 50
ic, COLLECTOR CURRENT (AMP) Ic, COLLECTOR CURRENT (AMP)
TYPICAL “OFF''" REGION CHARACTERISTICS
FIGURE 5 — CUT-OFF REGION FIGURE 6 — EFFECTS OF BASE-EMITTER RESISTANCE
3 > 7
10 = - — . g 10 \{ % i ,}
=3
= Yee =Y 7 - v 5 e = 0l Vee =30
= — pa £ £ E 0 A \J&L
3 = 4 y VA g <
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S 7 g | (TYPICAL Ices VALUES ~ 1™ N
“ REVERSE £ FORWARD 5 10 BTAINED FROM FIGURE 5) -
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FIGURE 7 — SWITCHING TIME EQUIVALENT CIRCUIT FIGURE 8 — CAPACITANCE
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2N5067, 2N5068, 2N5069 (continued)
FIGURE 9 —TURN-ON TIME

20
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Ic, COLLECTOR CURRENT (AMP)

FIGURE 10 — TURN-OFF TIME
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RATING AND THERMAL DATA

FIGURE 11 — ACTIVE-REGION SAFE OPERATING AREAS
10 x Ay

70 1'To 100 s
Ums
50 A \\l
% 30 de 50 me
£ 20 T,=200°C AN
& 7 | SECONDARY BREAKDOWN LIMITED
3 . |~—-—- BONDING WIRE LIMITED N
o 10 CURVES APPLY BELOW
é 0.7 RATED Vceo
o
g 0s LIMIT FOR:
593 N5?G7I-p
N5068
02 2N5069
01 [ 11
1.0 20 30 50 70 10 20 30 50 70 100

Vg, COLLECTOR-EMITTER VOLTAGE (VOLTS)

There are two limitations on the power han-
dling ability of a transistor: junction temperature
and secondary breakdown. Safe operating area
curves indicate |lc — Ve limits of the transistor that
must be observed for reliable operation; i.e., the
transistor must not be subjected to greater dissi-
pation than the curves indicate.

The data of Figurellis based on Ty, =
200°C; T¢ is variable depending on conditions.
Pulse curves are valid for duty cycles to 10% pro-
vided Ty(pr) < 200°C. T,(,1) may be calculated
from the data in Figure 12 . At high case tempera-
tures, thermal limitations will reduce the power
that can be handled to values less than the
limitations imposed by secondary breakdown.

FIGURE 12 — TRANSIENT THERMAL RESISTANCE
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DESIGN NOTE: USE OF TRANSIENT THERMAL RESISTANCE DATA

FIGURE A
te
Pp Pp
Pl ! N
1 M = ] DUTY CYCLE D=t,~f=‘—’
i | 1 P
b ——t PEAK PULSE POWER = Py

A train of periodical power pulses can be represented by the model
as shown in Figure A. Using the model and the device thermal response,
the normalized effective transient thermal resistance of Figure 12
was calculated for various duty cycles.

To find fic(t), multiply the value obtained from Figure 12 by the
steady state value fic.
Example: ' .
The 2N5067 is dissipating 100 watts under the following conditions:
ti=0.1ms, tp =05ms. (D=0.2)
Using Figure 12, at a pulse width of 0.1 ms and D = 0.2, the reading
of r(t,,D)is 0.28.
The peak rise in junction temperature is therefore

AT=r(t) X Pp X fuc =0.28 X 100 x2.0=56°C



2N5070 (SILICON)

The RF Line

from 2.0 to 75 MHz.

IMD = 30 dB (Max)

® Intermodulation Distortion at 25 W (PEP)

NPN SILICON RF POWER TRANSISTORS

... designed primarily for applications as a high-power linear amplifier

® Optimized for Operation from a 28-Volt Supply
e Power Out @ 28 Vdc, 30 MHz — 25 W (PEP)

® |sothermal-Resistor Design Results in Rugged Device

25 W — 30 MHz

RF POWER
TRANSISTOR

NPN SILICON

EMITTER BASE

e

0424 0.360 :
0437 0437 17T
DIA i
*MAXIMUM RATINGS 1 |
’ COLLECTOR
Rating Symbol Value Unit 0090 | ‘_| ’_,_
Collector-Emitter Voltage VCEO 30 Vdc 0.110 — 0.320 I=— 8}?3
Collector-Base Voltage Veeo 65 Vdc %g g :gg ﬂnfgo*l 0.030
: —_ —— (.04
Emitter-Base Voltage VEBO 4.0 © Vdc i i DlAS
Collector Current — Continuous Ic 33 Adc ' l
Peak 10 0355 | —— .__1 —r
Base Current — Continuous g 1.0 Adc 0480 ! _[“_55 0.215
——— "—J" 7 )HAX 0.320
Total Device Dissipation ® T¢ = 25°C Pp 70 Watts
Derate above 25°C 400 mw/oc T T e |
Operating and Storage Junction T4 Tstg -65 to +200 o°c 0375 0.078 189 SEATING
Temperature Range 0455 MAX PLANE
*Indicates JEDEC Registered Data. l 10-32 UNF 2A

To convert inches to millimeters multiply by 25.4

All JEDEC dimensions and notes apply

Emitter connected to case

CASE 36
TO-60

2-21




2N5070 (continued)

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

Characteristic J Symbol —l Min ] Max I Unit ]
OFF CHARACTERISTICS
Collector-Emitter Sustaining Voltage(1) VCEO(sus) 30 - Vdc
(Ic = 200 mAdc, Ig = 0)
Collector-Emitter Sustaining Voltage(1) VCER(sus) 40 - Vde
(I¢c = 200 mAdc, Rgg = 5.0 ohms)
Collector Cutoff Current IcEO - 5.0 mAdc
(Vce = 30 Vvdc, 1g = 0)
Collector Cutoff Current ICEX mAdc
(VcE =60 Vdc, Vgg = 1.5 Vdc) - 10
(VcE = 60 Vdc, Vgg = ~1.5 Vdc, T¢ = 150°C) - 10
Collector Cutoff Current IcBO - 10 mAdc
(Vcg = 60 Vdc, Ig = 0)
Emitter Cutoff Current IEBO - 10 mAdc
(VEg = 4.0 Vdc, Ic =0)
ON CHARACTERISTICS
DC Current Gain hgg -
(ic = 1.0 Adc, Vg = 5.0 Vdc) 10 100
(Ic = 3.0 Adc, Vg = 5.0 Vdc) 10 100
DYNAMIC CHARACTERISTICS
Current-Gain—Bandwidth Product(2) fT 100 - MHz
(lc = 1.0 Adc, Vgg = 15 Vdc, f = 50 MHz)
Output Capacitance Cob - 85 pF
(Ve =30 Vdc, Ig =0, f = 1.0 MHz)
FUNCTIONAL TEST (Figure 1)
Power Input (Pou¢ =25 W (PEP), Zg =50 Ohms, Vcg = 28 Vdc, Pin - 1.25 Watt
f1 = 30 MHz, f2 = 30.001 MHz) . (PEP)
Collector Efficiency (Poyt = 256 W (PEP), Zg = 50 Ohms, Vg = 28 Vdc, n 40 - %
4 = 30 MHz, f2 = 30.001 MHz)
Intermodulation Distortion (Pout = 25 W (PEP), Zg = 50 Ohms, IMD _ -30 4B
VCE = 28 Vdc, 1 = 30 MHz, f = 30.001 MHz)
*Indicates JEDEC Registered Data. .
(1)Puised thru 25 mH Inductor, Duty Cycle = 50%, Repetition Rate = 60 Hz.
‘2”1— is defined as the frequency at which |hfel extrapolates to unity.
FIGURE 1 —30MHz LINEAR TEST CIRCUIT
L1 3 Turns No. 12 AWG, 1/4” 1.D., 1/2” Long
Vgg (Note 1) 8V L2: 6 Turns No. 14 AWG, 3/8” 1.0., 3/4” Long
L3: 5 Turns No. 10 AWG, 3/4" 1.D., 3/4" Long
C1: 140-680 pF, ARCO 468 or Equivalent
s C2: 170-780 pF, ARCO 469 or Equivalent
R2 <; C3: 0.05 uF, Ceramic Capacitor
< C4 C4: 0.1 uF, Ceramic Capacitor
:[ C5: 1000 pF, Feedthrough Capacitor
C6: 24-200 pF, ARCO 425, or Equivalent
C7: 32-250 pF, ARCO 426, or Equivalent
. Q: 2N5070
R1 < R1: 1.0Q,50W
Sfre Qutput R2: 50 Ohms, 25 W
¢ = RFC: 350 Ferrite Choke, Ferroxcube*
Ioput & e RL =50 Ohms #VK200 01-038, or Equivalent
Rg =50 Ghms *Ferroxcube Corp. of America, Saugerties, N. Y.

e
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Note 1: Adjust Vgg for a collector quiescent

current of 20 mA with no RF input
signal.



2N5070 (continued)

FIGURE 2 — LINEAR OUTPUT POWER versus FREQUENCY

Pout, GUTPUT POWER W (PEP)

IMD, INTERMODULATION DISTORTION (dB)

40

30

20
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FIGURE 5 — TYPICAL INTERMODULATION DISTORTION
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2N5070 (continued)

FIGURE 8 — PARALLEL EQUIVALENT INPUT RESISTANCE
versus FREQUENCY '
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FIGURE 10 — PARALLEL EQUIVALENT OUTPUT
CAPACITANCE versus FREQUENCY
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FIGURE 9 — PARALLEL EQUIVALENT INPUT
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2N5070 (continued)

APPLICATIONS INFORMATION

The 2N5070 transistor is designed for linear power amplifier
operation in the HF/VHF region (2 to 75 MHz). It features guar-
anteed linear amplifier performance rather than the conventional
performance demonstrated in a class C* ampilifier.

Class C operation is inherently non-linear, but in many power
amplifier applications non-linear operation does not present major
problems. With a single frequency driving signal, the only spurious
signals generated are harmonics and these can be suppressed in the
amplifier tuned networks and output filter.

For single sideband (SSB), low level amplitude modulation
(AM), and other types of complex signals, class C operation is gen-
erally not satisfactory. For instance, when a signal contains
multiple frequencies at close spacings, odd-order non-linearities will
generate spurious outputs which are within the passband of the
tuned circuits and filters; therefore, the spurious outputs are not
suppressed before they reach the antenna or other load. As a
result, such complex signals require linear amplification if the ampli-
fied signal is to be free of spurious outputs.

A detailed analysis of spurious signals generated by non-linear-
ities and linearity requirements of various applications is described
in Chapter 12 of Reference 1.

The following discussion concerns itself with a detailed descrip-
tion of the 2N5070 characterization curves and general informa-
tion on solid state linear power amplifier design.

The Two-Tone Test

The 2N6070 functional test specification consists of a linear
power amplifier test with guaranteed limits on power output, gain,
efficiency, and intermodulation distortion (IMD) output levels. A
two-tone test signal is used with the test amplifier as shown in
Figure 1.

The two-tone test is one of many methods commonly
used for testing linear amplifier performance. This test in-
volves driving the amplifier with two RF signals, of equal ampli-
tude, separated in frequency from each other by approximately
1 kHz.

When a two-tone test signal consisting of frequencies fq and fo
is passed through a non-linear amplifier, odd order non-linearities
generate spurious signals near the desired carrier. The level of these
spurious signals provides a measure of the degree of non-linearity
of the amplifier. This type of non-linearity is called intermodulation
distortion (IMD). The spurious signals generated by IMD are
further classified according to the exponential order of the amplifier
non-linearity, i.e., 3rd order IMD products, 5th order IMD products,
etc. The 3rd and 5th order IMD products are usually the most signi-
ficant encountered with linear power amplifiers. Data on both 3rd
and 5th order IMD are included in the 2N5070 characterization.

Third order IMD generates spurious signals near the operating
frequency at frequencies 2f;1 — fo and 2fp — fq; and 5th order
IMD spurious signals are at frequencies 3fq-— 2f9 and 3fy — 2f4.
Specifications and Ch izati

The two-tone functional amplifier test is performed in a manner
identical to the conventional class C functional test with two excep-
tions: a two-frequency signal is used in place of a single frequency,
and amplifier linearity is added to the items tested and specified.

The functional test procedure for the 2N5070 requires driving
the test amplifier with a two frequency signal and measuring power
output, gain, efficiency, and linearity.

Power output, gain, and efficiency measurement methods are
the same for both linear and class C amplifiers.

Since a multiple frequency test signal has an instantaneous power
level which varies with time, power levels are normally expressed
in peak envelope power (PEP). This is the average power level of
the envelope at its greatest amplitude paint.

When the test signal consists of multiple signals with equal ampli-
tudes and different frequencies, the relationship of average power
and PEP is given by the following expression:

PEP
Average power = w
where N = the number of input frequencies.

Therefore, when measuring the power level of a standard two-
tone test signal, a true average reading power meter will indicate
1/2 the PEP of the signal.

Linearity is tested by measuring the amplitudes of the 3rd and
5th order IMD products. The ratio of one of the 3rd order products
to one of the two desired frequencies is then expressed as a power
ratio in decibels {dB). This is repeated for the 5th order products.
The smaller of these two ratios (usually the 3rd order) is then
included in the electrical characteristics specification as inter-
modulation distortion ratio (IMD).

2N5070 Performance Curves

Figures 2 through 4 show typical power output and gain char-
acteristics versus frequency and/or input power. These curves are
similar to those found on other RF power transistor data sheets
with one exception, a two-frequency test signal was used rather
than a single frequency signal.

" The curves shown in Figure 5 are unique to transistors char-
acterized for linear power amplifier service and show the typical
IMD levels versus power output.

The 2N5070features guaranteed |MD performance at the -30 dB
level. However, the designer may desire IMD greater or less than
-30 dB for a particular application. Figure 5 provides data on
IMD levels that can be expected as a function of output power.

Figure 6 shows the variation in gain with dc supply voltage and
provide data on gain only. It does not include information on
IMD ratio.

Figure 7 reflects the power output that can be obtained at a
fixed IMD ratio for operation with dc supply voltages other than
28 Vdc.

Figures 8 through 10 show the large signal impedance char-
acteristics of the 2N5070. These are similar to curves shown on
other Motorola data sheets except a two-frequency test signal was
used rather than a single frequency signal.

It must be stressed that the data shown in Figures 8 through 10
do not represent y, z, h, s, or any standard two-port parameter set.
The actual transistor impedance levels during normal operation in
an amplifier are given. For a detailed discussion of RF power
transistor large signal impedance, see Reference 2.

Linear Amplifier Design

The following is a discussion of some general design considera-
tions for solid-state linear power amplifiers. While this is not a
detailed analysis of linear amplifier design, some general guidelines
are provided.

The major difference between linear power amplifiers and class
C power amplifiers is in the dc bias circuitry. As stated in the intro-
duction, class C operation usually involves a collector dc supply as

2-25



2N5070 (continued)

APPLICATIONS INFORMATION (continued)

the only bias voltage with Vg.= Vg = 0. The collector current is
zero until the input RF signal turns the transistor “on”’.

in contrast, a linear amplifier is normally operated with forward
bias and some collector current flowing when no signal is present.

‘The magnitude of no-signal collector current and the bias cir-
cuitry may vary with the application. Optimum no-signal collector
current for the 2N5070 was found to be approximately 20 mA.

The key to bias circuitry for good linearity lies in maintaining
the base-emitter dc voltage relatively constant as the RF signal
amplitude varies. The inherent nature of a forward-biased RF
power transistor is to bias itself “off” with increasing RF drive
signal. Therefore, a constant voltage source is required for base
voltage.

Temperature effects also complicate the situation, since Vgg
decreases with increasing temperature.

A simple solution to the bias problem involves the usé of a
forward-biased diode mounted on the transistor heat sink for
thermal coupling to the transistor. A large capacitor (several
hundred microfarads) in parallel with the diode helps maintain a
constant Vgg with RF drive and improves linearity, while the
diode provides temperature compensation to prevent thermal run-
away. |t is also possible to use complex active circuitry for biasing,

and some rather exotic schemes have been developed to provide
the same results.

Another important consideration is the collector-output net-
work. Normally, a network with low impedance to ground for
harmonics provides better linearity than a network with high
harmonic impedances; therefore, some experimentation with net-
work configuration is in order. Proper impedance matching remains
the primary factor in both input and output network design.
Further, it must also be stressed that the collector load impedance
should be designed for. the PEP, not the average power output.
See Chapter 13 of Reference 1 for a detailed discussion of network
design considerations.

Feedback may also be employed to improve linearity and may
take the form of either neutralization or negative RF feedback.
The possibilities here are limited only by the designer’s imagination.
Of course, negative RF feedback involves a decrease in gain to
improve linearity.

REFERENCES

1. Pappenfus, Bruene, Schoenike, “‘Single Sideband Principles and
Circuits”, McGraw-Hill.

2. Hejhall, "'Systemizing RF Power Amplifier Design’’, Motorola
Semiconductor Products Inc., Application Note AN-282.

*“Class C"’, as used here refers to operation with the no signal con-
ditions Ic = 0, and Vgg = 0, and a theoretical conduction angle
of less than 180°, even though the actual conduction angle may
be more than 180°.



2n5086 (siLicon)
an5087

CA(ST%_%% (1) PNP silicon annular transistors designed for
low-level, low-noise amplifier applications.

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage VCE o 50 Vdc
Collector-Base Voltage v CB 50 Vdc
Emitter-Base Voltage VEB 3.0 Vdc
Collector Current - Continuous IC 50 mAdc

Peak 100
Total Device Dissipation @TA =25°C PD“' 310 mW
Derate above 25°C 2.81 mwW/°C
Operating and Storage Junction Temperature | T , T 'Y | -55 to +135 °C
Range J ste

THERMAL CHARACTERISTICS

Characteristic ' Symbol Max Unit
Thermal Resistance, Junction to Ambient OJA”' 0. 357 °C/mW

(1) Continuous package improvements have enhanced these guaranteedtMaximum Ratings as follows: Pp =1.0W @ T¢ = 25°C,
Derate above 25°C — 8.0 mW/°C, T = -65 to +150°C, 6 ¢ = 125°C/W.




. 2N5086, 2N5087 (continued)

ELECTRICAL CHARACTERISTICS Ta = 25°C unless otherwise noted

| Characteristic I Symbol i Min ] Typ I Max ] Unit ]
OFF CHARACTERISTICS
l Collector-Emitter Breakdown Voltage BVCEO Vde
(IC =1.0 mAdc, IB =0) 50 - -
Collector-Base Breakdown Voltage BVCBO Vdc
(I, =100 pyAdc, I =0) 50 - -
C E
Collector Cutoff Current ICBO nAdc
(VCB =10 Vdc, IE =0) - - 10
(VCB =35 Vdc, IE =0) - - 50
Emitter Cutoff Current lEBO nAdc
(VBE =3.0 Vdc, IC =0) - - 50
ON CHARACTERISTICS
DC Current Gain hFE -
(IC =100 pAdc, VCE =5.0 Vdc) 2N5086 150 - 500
2N5087 250 - 800
(Ic =1.0 mAdc, VCE =5.0 Vdc) 2N5086 150 - -
2N5087 250 - -
(IC =10 mAdc, VCE = 5.0 Vdc) 2N5086 150 - -
2N5087 250 - -
Collector-Emitter Saturation Voltage vCE(sat) Vdc
(IC =10 mAdc, IB = 1.0 mAdc) - - 0.3
Base-Emitter On Voltage vBE(on) Vde
(IC =1.0 mAdc, VCE =5.0 Vdc - - 0.85
DYNAMIC CHARACTERISTICS
Current-Gain - Bandwidth Product fT MHz
(lC =500 pAdc, VCE = 5.0 Vdc, f = 20 MHz) 2N5086 40 120 -
2N5087 40 150 -
Output Capacitance Cob pF
(VCB =5.0 Vdc, IE =0, f =100 kHz) - - 4.0
Small-Signal Current Gain hfe -
(IC =1.0 mAdc, VCE =5.0 Vde, { =1.0 kHz) 2N5086 150 - 600
2N5087 250 - 900
Noise Figure NF . dB
(IC = 20 pAdc, VCE =5,0 Vdc, RS =10k ohms, f = 10 Hz to 15.7 kHz) 2N5086 - - 3.0
2N5087 - - 2.0
(IC =100 pAdc, VCE =5.0 Vdc, RS = 3.0 k ohms, f = 1.0 kHz) 2N5086 - 1.2 3.0
2N5087 - 1.0 2.0
NOISE FIGURE )
FIGURE 1 — FREQUENCY EFFECTS Vog = 5.0 Vdc, Ta = 25 FIGURE 2 — SOURCE RESISTANCE EFFECTS
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2N5086, 2N5087 (continued)

h PARAMETERS
Ve = 10 Vdc, f = 1.0 kHz, Tx = 25°C
(For Figures 3, 4, 5. 6, 8)
This group of graphs illustrates the relationship of the "*h"" parameters for this series of transistors. To obtain these curves, 4
units were selected and identified by number — the same units were used to develop curves on each graph.

FIGURE 3 — INPUT IMPEDANCE FIGURE 4 — VOLTAGE FEEDBACK RATIO
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2N5086, 2N5087 (continued)

heg, DC CURRENT GAIN NORMALIZED

fr, CURRENT-GAIN — BANDW.DTH PRODUCT (MHz)

Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS)
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FIGURE 9 — DC CURRENT-GAIN
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2n5088 (siLicon)
2n5089

CASE 29 (1) NPN silicon annular transistors designed for
(TO-92) low-level, low-noise amplifier applications.

MAXIMUM RATINGS

Rating Symbol | 2N5088 | 2N5089 | Unit
Collector-Emitter Voltage VCEO 30 25 Vdc
Collector-Base Voltage VCB 35 30 Vde
Emitter-Base Voltage VEB 4.5 Vdc
Collector Current IC 50 mAdc
Total Device Dissipation @TA =25°C P 310 mW

Derate above 25°C 2.81 mW/°C
Operating and Storage Junction T, T -55 to +135 °C
T J’ T stg
emperature Range )
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction 4 k 0.357 °C/mW
. JA
to Ambient




- 2N5088, 2N5089 (continued)

ELECTRICAL CHARACTERISTICS (1, =2

5°C unless otherwise noted)

Characteristic I Symbol I Min I Typ l Max l Unit ]
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage BVCE 0 Vde
(lc _ 1.0 mAdc, IB =0) 2N5088 30 - .-
2N5089 25 - -
Collector-Base Breakdown Voltage BVCB o Vde
(IC =100 pAdc, IE =0) 2N5088 35 - -
2N5089 30 - -
Collector Cutoff Current ICBO nAdc
(VCB =20 Vde, !E =0) 2N5088 - - 50
(VCB =15 Vde, IE =0) 2N5089 - - 50
Emitter Cutoff Current IBoO- nAdc
(Vg (otr) = 3-0 Vée, 1 = 0) - - 50
(VEB(olf) = 4.5 Vde, Ic= 0) - - 100
ON CHARACTERISTICS
DC Current Gain hFE
(XC = 100 pAdc, VCE =5.0 Vdc) 2N5088 300 - 900
2N5089 400 - 1200
(Ic = 1.0 mAdc, VCE =5.0 Vdc) 2N5088 350 - -
2N5089 450 - -
(IC =10 mAdc, VCE =5.0 Vdc) 2N5088 300 - -
. . 2N5089 400 - -
Collector-Emitter Saturation Voltage VCE ) Vdc
(I = 10 mAde, Iy = 1.0 mAdc) (sa - - 0.5
Base-Emitter On Voltage VBE( ) Vde
(I = 10 mAdc, V. = 5.0 Vdc) on - - 0.8
DYNAMIC CHARACTERISTICS
Current-Gain - Bandwidth Product i'l‘ MHz
(I =500 uAde, Vg =5.0 Vdc, { = 20 MHz 50 115 -
Collector-Base Capacitance ch PF
(Ve =5.0 Vde, I = 0, f = 100 kHz, emitter guarded) - 1.8 4.0
Emitter-Base Capacitance C eb pF
(Vpg = 0.5 Vde, I, = 0, f = 100 kHz, collector guarded) - 4.0 10
Small-Signal Current Gain h‘ -
(Ic = 1.0 mAdc, VCE =5.0Vdc, f = 1.0 kHz) 2N5088 € 350 - 1400
2N5089 450 - 1800
Noise Figure NF dB
(IC =100 pAdc, VCE =5.0 Vdc, Rs =10 k ohms, 2N5088 - - 3.0
f = 10 Hz to 15.7 kHz 2N5089 - - 2.0

FIGURE 1 — FREQUENCY EFFECTS

NOISE FIGURE
Vee = 5.0 Vdc, Ta = 25 °C

FIGURE 2 — SOURCE RESISTANCE EFFECTS
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2N5088, 2N5089 (continued)

h PARAMETERS
Vee = 10 Vdc, f = 1.0 kHz, T, = 25°C
(For Figures 3, 4, 5, 6, 8)
This group of graphs illustrates the relationship of the ‘‘h'’ parameters for this series of transistors. To obtain these curves, 4
units were selected and identified by number — the same units were used to develop curves on each graph.

FIGURE 3 — INPUT IMPEDANCE FIGURE 4 — VOLTAGE FEEDBACK RATIO
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2N5088, 2N5089 (continued)

FIGURE 9 — DC CURRENT GAIN
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