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ABOUT THIS TRANSISTOR MUSEUM
PRESERVATION COLLECTION

Established in the late 1990s, the Transistor Museum has been an important online resource for
documenting the history of the transistor. The Museum receives many thousands of web site visits
each year from those who are interested in learning about the early days of transistor technology.
The Museum has recently established the "Preservation Collection” program with the goal of actively
preserving transistor history by making available truly historic transistor types, including display
packaging and comprehensive documentation, for those who wish to further explore "The Greatest
Invention of the 20™ Century"”.

The First “2N” Germanium Transistors 2N21, 2N22, 2N23 - Volume 1 is one of a series of
History of Transistors Preservation Collections developed by the Transistor Museum™. This
collection documents the first industry standard “"2N" transistor types from the 1950s. These
devices from the first days of the semiconductor revolution are truly a part of the great story begun
in 1947 with the invention of the transistor at Bell labs and should be of great interest to the
modern-day engineer, experimenter, historian, researcher and hobbyist. Included in this collection
are extensive links to important online documentation, technical and historical commentary, circuits,
and photographs of the famous germanium transistors that first appeared in the 1950s and have had
a profound effect on the world of electronics ever since.

TRANSISTORS INCLUDED IN THIS PRESERVATION COLLECTION

TRANSISTOR TYPE HISTORICAL SIGNIFICANCE

Historic First "2N" Transistor - Early Military Use

WESTERN ELECTRIC 2N21 Enhanced structural design for “severe” military use.

First Cartridge Type Point Contact “"2N" Transistor

WESTERN ELECTRIC 2N22 "2N" registered version of the 1698 prototype.

First Plastic Bead Type Point Contact “"2N" Transistor

WESTERN ELECTRIC 2N23 "2N" registered version of the 1689 prototype.

WESTERN ELECTRIC Early 1950s "Special Military” Version of 2N21
GA-51984 Prototype 2N21 cartridge body with added solder leads

TOTAL HISTORIC TRANSISTORS INCLUDED = 4

The Transistor Museum is dedicated to preserving the Greatest Invention of the 20™ Century. Each
historic transistor included in this Preservation Collection has been inspected to best ensure
legibility of labelling and acceptable cosmetic condition. Informative and protective display
envelopes and packaging are used to protect and archive the included transistors. Thank you for
your interest and your support of our efforts to preserve these important historical artifacts.
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Transistor Museum™ Preservation Collection
Historic Semiconductor Fact Sheet
WECO 2N21 - The First “2N” Transistor

Transistor Museum
Preservation Collection
Type: Point Contact
Vintage: 1950s
Western Electric
2N21

Historic First "2N"” Transistor - Early Military Use
Enhanced structural design for "severe” military use.
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Copyright © 2024
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SOLDERED INTO CIRCUIT

The above table from the May-July 1952 Bell Labs-Signal
Corps Transistor Progress Report provides a useful cross-
reference between early Western Electric developmental
transistor types and the reserved industry standard “2N"
designations. This early reference to the 2N21 indicates a
cartridge type device that could be soldered into a circuit.

Historical Background

The original point contact transistor types developed by Bell
Labs/Western Electric in the late 1940s into the early
1950s included several different case styles, which were
used primarily to further investigate the manufacturing and
performance limitations of the first transistor technology.
The metal cartridge case style, "Type A" was the first
mechanically rugged point contact transistor. By mid-1949,
Type A production at Murray Hill numbered over 3700
transistors. These early transistors were in great demand
by Bell Labs-Western Electric engineers for purposes of
device characterization and circuit development. To meet
the increasing demand for transistors, large scale
commercial production of transistors began in 1951 at the
Western Electric Allentown plant. The developmental types
manufactured at Allentown consisted of the original metal
“cartridge” style (with a modification of the Type A lead
structure to facilitate easier use with sockets), and a
plastic "bead"” case type. As shown in the table at left, the
"cartridge” types were 1698, 1768, 1723, 1725, 1729, and
1734. The bead" types were 1689 and 1760. These early
developmental types of transistors were used primarily for
experimental circuit development and manufacturing
process development and were obsolete by 1956. To meet
the growing demand for transistors, Western Electric
opened a second semiconductor manufacturing facility in
1952, this one in Laureldale, PA. This site was dedicated to
large scale semiconductor production for the military (Sig C
contracts) and for similar devices for Bell System use. The
advanced design 2N21 transistor was produced at this plant
- see page 2 for examples of Laureldale packaging.

Historic 1950s BTL/WECO Developmental and Production Point Contact Transistor Case Styles
By late 1953 Western Electric had begun development of an updated and improved design for a point contact transistor
that could address some of the notable performance problems encountered with the two original designs (metal cartridge
and plastic bead - examples of both types shown below). Design criteria for this improved point contact transistor (shown
at lower right) included (1) hermetically sealed case to avoid environmental impact and (2) enhanced internal mechanical
structures to ensure rugged metal point stability. The original cartridge 2N21 was updated to incorporate this new design.
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1950 Era Cartridge Case Style
Original metal case design based on
1948 "TYPE A" cartridge transistor.

1951 Era Plastic Bead Case Style
Very fragile lead structure and non-hermetically sealed
plastic case resulted in very limited use for this design.

1953 Era Hermetic Seal Design
Proposed design to meet enhanced
military performance specs.

Online at TransistorMuseum.com

Copyright (C) 2023 by Jack Ward

Page 1 of 8



http://semiconductormuseum.com/PhotoGallery/PhotoGallery_TypeA.htm
https://ieeexplore.ieee.org/document/4785574
https://ieeexplore.ieee.org/document/4785574
https://www.semiconductormuseum.com/Transistors/BellLabs/OralHistories/MacWilliams/MacWilliams_Index.htm
http://semiconductormuseum.com/Transistors/LectureHall/JoeKnight/JoeKnight_EarlyPowerTransistorHistory_BTL-WesternElectric_Index.htm
https://www.radiomuseum.org/tubes/tube_a1698.html
http://semiconductormuseum.com/PhotoGallery/PhotoGallery_2N24.htm
http://semiconductormuseum.com/MuseumDonations/WECO1951memo.pdf
http://semiconductormuseum.com/MuseumDonations/WECO1951memo.pdf
http://semiconductormuseum.com/PhotoGallery/PhotoGallery_BeadType_Pct.htm
https://sites.google.com/site/transistorhistory/Home/us-semiconductor-manufacturers/western-electric-main-page
https://www.worldradiohistory.com/Archive-Tele-Tech/50s/Tele-Tech-1953-05.pdf
http://semiconductormuseum.com/MuseumDonations/WECO1951memo.pdf
http://semiconductormuseum.com/MuseumDonations/WECO1951memo.pdf
http://www.bitsavers.org/magazines/Bell_System_Technical_Journal/BSTJ_V35N04_195607.pdf
https://www.worldradiohistory.com/Archive-Bell-Laboratories-Record/50s/Bell-Laboratories-Record-1956-02.pdf
http://www.transistormuseum.com/

Transistor Museum™ Preservation Collection
Historic Semiconductor Fact Sheet
WECO 2N21 - The First “2N” Transistor
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Examples of Evolving Design and Packaging for the 2N21 Transistor

The above photo shows the several design versions and multiple case styles for the 2N21. This fransistor is unique among
the earliest WECO transistors for several reasons: (1) A major design change from the original cartridge type (noted on
the "2N" table on page 1 as type 1723) to the enhanced version as noted below right - Model 1893, (2) A truly unique
variant, designated GA-51984, and shown above top, which was manufactured in substantial quantities for a specific
military contract - as can be seen in the above photo this early variant of the 2N21 was based on a cartridge design with
provision for direct soldering to the added mechanical leads and (3) Production of the 2N21 at multiple WECO plants,
including Kearny for the early military GA-51984 type and Laureldale for the improved designh and (4) Variations in case
structure and colorization from silver to olive to grey as shown above center and below for the Laureldale types and (5)
Although the "2N21" number was reserved by WECO in 1952 and reflected the original cartridge type, the 2N21 (and the
2N67) was actually registered with RTMA/JETEC in 1961 and reflected the improved design case style, along with this
note: “The sponsor was indicated that these types are obsolete and are no longer being manufactured”. What a story the
history of the 2N21 has to tell: " Lowest listed "2N" number but not formally industry-registered until years later!”

TRANSISTOR DATA SHEET

ZNil 2NZ1A WESTERN ELECTRIC 2N21 TRANSISTOR
W E (DEVELOPMENT MODEL 1893)

MIN. re-.4 00" MAX . ——

e
z

|
|
10

COLLECTOR LEAD

{ ! \ | EMITTER LEA BASE LEAD

A Closeup View of the 2N21 Design Variations and Case Styles

Shown at left is the 6A-51984 earliest variant of the 2N21. The top solder cap has been removed to best illustrate the
unusual physical structures added to the cartridge transistor case to allow solderability. The three variations of the
improved desigh 2N21 shown above range from the (1) somewhat crude silver case version with the solder seal around the
lower part of the case to (2) the more advanced seamless case seal with the olive-colored unit to (3) the most robust bath-
tub sealed grey painted type labeled 2N21A. Dates for these above transistors range from 2-54 for the GA-51984, 5-32
for the silver 2N21, 6-17 for the olive-colored 2N21 and 6-49 for the 2N21A.

Online at TransistorMuseum.com Copyright (C) 2023 by Jack Ward Page 2 of 8
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Transistor Museum™ Preservation Collection
Historic Semiconductor Fact Sheet
WECO 2N22 - 1954 Cartridge Point Contact Transistor

Transistor Museum
Preservation Collection
Type: Point Contact
- Vintage: 1950s
Western Electric
2N22

First Cartridge Type Point Contact “"2N” Transistor
"2N" registered version of the 1952 1698 prototype.
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Historical Background
The original point contact transistor types developed by Bell
Labs/Western Electric in the late 1940s into the early
1950s included several different case styles, which were
used primarily to further investigate the manufacturing and
performance limitations of the first transistor technology.
The metal cartridge case style, "Type A" was the first
mechanically rugged point contact transistor. By mid-1949,
Type A production at Murray Hill numbered over 3700
transistors. These early transistors were in great demand
by Bell Labs-Western Electric engineers for purposes of
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The above table from the May-July 1952 Bell Labs-Signal
Corps Transistor Progress Report provides a useful cross-
reference between early Western Electric developmental
transistor types and the subsequent industry standard "2N"
designations. The 1698 was the prototype for the 2N22.

device characterization and circuit development. To meet
the increasing demand for transistors, large scale
commercial production of transistors began in 1951 at the
Western Electric Allentown plant. The developmental types
manufactured at Allentown consisted of the original metal
“cartridge” style (with a modification of the Type A lead
structure to facilitate easier use with sockets), and a
plastic "bead"” case type. As shown in the table at left, the
"cartridge” types were 1698, 1768, 1723, 1725, 1729, and
1734. The bead" types were 1689 and 1760. These early
developmental types of transistors were used primarily for
experimental circuit development and manufacturing
process development and were obsolete by 1956. To meet
the growing demand for transistors, Western Electric
opened a second semiconductor manufacturing facility in
1952, this one in Laureldale, PA. This site was dedicated to
large scale semiconductor production for the military (Sig C
contracts) and for similar devices for Bell System use. The
2N21, 2N22 and 2N23 transistors were produced at this
plant - see page 2 for examples of Laureldale packaging.

The Evolution of the WECO 2N22

Lo

y Gy s NP

On 1 October 1951 the first line for the mass production of
transistors was started at the Western Electric Allentown
Works. Earlier transistor production was done at the Bell
Labs facility in Murray Hill. At left above is an example of
the original “"Type A" transistor produced at Bell Labs
between 1949 and 1951. The hand labeled A1698 shown
above is from start-up Allentown production in late 1951 into
early 1952. The “"A" indicates Allentown production. The
later machine stamped 1698 shown above is dated Feb 1952
and the 2N22 is dated March 1954. 2N22 production
devices were manufactured at the Western Electric
Laureldale facility and were obsolete by 1956.
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The 2N22 was registered with RTMA/JETEC in September
1954, based on the cartridge case style shown above. It was
intended to be used primarily for medium speed switching
circuits where large-signal parameters were of interest.

EMITTER

Online at TransistorMuseum.com

Copyright (C) 2023 by Jack Ward

Page 3 of 8



http://semiconductormuseum.com/PhotoGallery/PhotoGallery_TypeA.htm
https://ieeexplore.ieee.org/document/4785574
https://ieeexplore.ieee.org/document/4785574
https://www.semiconductormuseum.com/Transistors/BellLabs/OralHistories/MacWilliams/MacWilliams_Index.htm
http://semiconductormuseum.com/Transistors/LectureHall/JoeKnight/JoeKnight_EarlyPowerTransistorHistory_BTL-WesternElectric_Index.htm
https://www.radiomuseum.org/tubes/tube_a1698.html
http://semiconductormuseum.com/PhotoGallery/PhotoGallery_2N24.htm
http://semiconductormuseum.com/MuseumDonations/WECO1951memo.pdf
http://semiconductormuseum.com/MuseumDonations/WECO1951memo.pdf
http://semiconductormuseum.com/PhotoGallery/PhotoGallery_BeadType_Pct.htm
https://sites.google.com/site/transistorhistory/Home/us-semiconductor-manufacturers/western-electric-main-page
https://www.worldradiohistory.com/Archive-Tele-Tech/50s/Tele-Tech-1953-05.pdf
http://semiconductormuseum.com/MuseumDonations/WECO1951memo.pdf
http://semiconductormuseum.com/MuseumDonations/WECO1951memo.pdf
http://semiconductormuseum.com/PhotoGallery/PhotoGallery_2N22.htm
https://ethw.org/Milestones:Manufacture_of_Transistors,_1951
https://ethw.org/Milestones:Manufacture_of_Transistors,_1951
http://semiconductormuseum.com/PhotoGallery/PhotoGallery_TypeA.htm
http://www.transistormuseum.com/

Transistor Museum™ Preservation Collection
Historic Semiconductor Fact Sheet
WECO 2N22 - 1954 Cartridge Point Contact Transistor
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Examples of Evolving Packaging for the First Cartridge Type Point Contact Transistors
The original 1948 Type A fransistor was packaged as shown above left. Each unit was hand serialized and operating
parameters were documented on the packaging. The initial production prototype A1698 transistors were manufactured at
the Western Electric plant in Allentown beginning in October 1951 - these first 1698 types were hand labeled, as shown in
the middle photo below, and formal packaging wasn't provided for these first developmental units. By February 1952
Allentown A1698 transistors included printed packaging, as shown in the middle photo above. Higher quality printed
packaging was used in Laureldale after 1952 for commercially distributed point contact types - 2N22 example shown above.

THE
TRANSISTOR

' TELEPHONE OF TODAY
\ 1955

THE DIAMOND STATE
TELEPHONE COMPANY

Evolution of the 2N22 Western Electric Cartridge Point Contact Transistor

As shown at left the mechanical construction of the cartridge point contact transistors was somewhat complex, with key
transistor performance parameters determined by two sharpened metal points in contact with a small slab of germanium.
The adjustment of the contact pressure and spacing of the two points was done during the manufacturing process with
technician access facilitated by a small hole on the side of the metal case. The parts diagram and the photo of the 1951
A1698 above left clearly shows the adjustment hole and the inner construction of the contacting points. After
satisfactory adjustment of the points, a circular black plastic band was typically slipped over the metal case to cover and
protect the PN junctions established by the points contacting the germanium block. The center photo shows examples of
early A1698 fransistors (handwritten markings) and a production labeled 2N22 dated 1954. The unusual shape of these
cartridge transistors required a special plug-in socket for in-circuit use, which is also shown in the center photo. Sockets
were required because direct soldering to the cartridge case was not practical and likely would have damaged the
transistor. Commercial use of cartridge point contact transistors was limited due to widely varying and often erratic
performance. Nonetheless, these first fransistors are historically very significant in demonstrating the enormous
potential for THE TRANSISTOR. Western Electric often promoted the power of transistors with ads and giveaways, such
as the 1955 paperweight from the Delaware Phone System. In 1956 the 2N22 was listed as obsolete by Western Electric.
This was a short lifetime indeed for such remarkable technology. Existing examples of the 2N22 are rare.
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Historic Semiconductor Fact Sheet
WECO 2N23 - 1953 Plastic Bead PCT Transistor

Transistor Museum
Preservation Collection
Type: Point Contact
Vintage: 1950s
Western Electric
2N23

First Plastic Bead Type Point Contact “2N"Transistor
"2N" registered version of the 1952 1689 prototype.
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The above table from the May-July 1952 Bell Labs-Signal
Corps Transistor Progress Report provides a useful cross-
reference between early Western Electric developmental

transistor types and the subsequent industry standard “2N"
designations. The 1689 was the prototype for the 2N23.

Historical Background

The original point contact transistor types developed by Bell
Labs/Western Electric in the late 1940s into the early
1950s included several different case styles, which were
used primarily to further investigate the manufacturing and
performance limitations of the first transistor technology.
The metal cartridge case style, "Type A" was the first
mechanically rugged point contact transistor. By mid-1949,
Type A production at Murray Hill numbered over 3700
transistors. These early transistors were in great demand
by Bell Labs-Western Electric engineers for purposes of
device characterization and circuit development. To meet
the increasing demand for transistors, large scale
commercial production of transistors began in 1951 at the
Western Electric Allentown plant. The developmental types
manufactured at Allentown consisted of the original metal
“cartridge” style (with a modification of the Type A lead
structure to facilitate easier use with sockets), and a
plastic "bead"” case type. As shown in the table at left, the
“cartridge” types were 1698, 1768, 1723, 1725, 1729, and
1734. The bead" types were 1689 and 1760. These early
developmental types of transistors were used primarily for
experimental circuit development and manufacturing
process development and were obsolete by 1956. To meet
the growing demand for transistors, Western Electric
opened a second semiconductor manufacturing facility in
1952, this one in Laureldale, PA. This site was dedicated to
large scale semiconductor production for the military (Sig C
contracts) and for similar devices for Bell System use. The
2N21, 2N22 and 2N23 transistors were produced at this
plant - see page 2 for examples of Laureldale packaging.

The Evolution of the WECO 2N23
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Shown above left is the M1689 "Bead' type point contact
transistor, developed in 1951. The 1/8" spherical plastic
case for the 1689 was the first attempt at Bell Labs to
develop a small transistor case type that could be used
more easily in miniaturized circuit construction. These
first development types were identified as “exploratory”.
Production prototypes for the 1689 appeared in early 1952
and had crudely cast plastic resin semi-circular cases with
hand-labeling (shown above center). More mature versions
of the "bead” transistor, including mechanized production
of the 1689 and the 2N23, were developed in late
1952/early 1953. The historic 2N23 transistor included in
this Preservation Collection is dated from 1953/1954 and
represents the first bead type point transistor to be "2N'
registered. Few of these devices were produced and
fewer have survived the past 70 years.

;IJ 0.150" &~
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Western Electric developed two distinctly different case
types for early production runs of point contact
transistors - shown above at left is the metal “cartridge”
type and at right is the plastic "bead” type. The cartridge
type was manufactured in larger quantities and proved to
be more reliable - note in the chart at upper left than only
two bead types were ultimately registered as "2N" types.
However, Western Electric abandoned both these early
point contact case styles in the mid-1950s and developed a
more robust and industry standard approach. Examples of
this improved case style are 2N21, 2N67 and 2N110. These
types survived into the 1960s. The obsoleted WECO 2N23
plastic "bead” point contact transistor is an impressive
artifact from a key chapter in early transistor history.
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Examples of Evolving Packaging for the First Plastic Bead Point Contact Transistors

The packaging developed for the 1689/2N23 evolved throughout 1952 and into 1953 as the technology and manufacturing
processes for this transistor type matured. Shown above are three small commonly used cardboard packages from 1953
that were typical for most mature production grade transistors from Western Electric at this time. Note minor changes in
the printed content and design. Two Western Electric manufacturing sites (Allentown and Laureldale PA) were responsible
for the bulk of WECO transistor production in the 1950s - the Laureldale site name is printed on the packages for those
transistors manufactured at that facility as shown for the 2N23 above right. Less common packaging for these early
transistors included the use of a large blue/white vacuum ftube carton as shown at top - in this case the large carton was
used as over-packaging for the smaller 1689 package (dated Sep 1953) shown above center.
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% At left: Original 1/8" spherical exploratory
N\ plastic bead transistor from 1951. At right:
Image Courtesy Mature 1689 prototype from mid-1952.
Herminso Villarraga-6émez | Image Courtesy Terry Hosking Y Image Courtesy Terry Hosking

The Western Electric 2N23 - The First Plastic Bead Type Point Contact “2N" Transistor

By 1951 Western Electric was actively engaged in developing the technical and manufacturing advances required to enter
large scale production of the newly invented transistor. At this time the original metal cartridge point contact transistor
technology was best understood with thousands of units already manufactured. The plastic bead point contact technology
was still at the exploratory stage, with the first experimental prototypes appearing in early 1952. The photo above right
highlights the changes implemented for the ftransition from exploratory to the developmental prototype (1689). The second
photo above of the two 2N23s illustrates the fully developed and released product - note the hand-written identification
and the crudely cast plastic case for the developmental prototypes and the stamped identification and polished plastic case
for the production-ready units. Third photo from right above is a classic - some industrious WECO engineer adapted the
more robust metal cartridge case to support electrical testing of a plastic case type. At far left is an "x-ray” internal view
of the fragile point contacts and germanium block for the 2N23. The 2N23 transistor included in this Preservation
Collection is dated 1953/1954. For example, the 2N23s shown above are dated 2-53, which is Feb 1953.
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Included are these Original 70-Year-0Old Examples
of the First 1950s “"2N" Transistors

TRANSISTOR
INCLUDED

DESCRIPTION

Enhanced desigh 2N21. Manufactured at the Laureldale site for military (Sig
WESTERN ELECTRIC 2N21 | C) and Bell System use. This is the “lowest 2N" number registered

(Lower left in photo) transistor. Your transistor, as shown above, is one of the more advanced
seamless case units - it is olive-colored with a 1955/56 date code.

Original cartridge type desigh. The 2N22 is the production level "2N" device
type, based on the 1698 prototype. Original units were manufactured at
Allentown, and later production was done at Laureldale. This type was
obsolete by 1956. Your transistor, as shown above, is one of the classic
“cartridge” types with a 1954 date code.

WESTERN ELECTRIC 2N22
(Lower center in photo)

Original plastic bead type design. The 2N23 is the production level "2N"
device type, based on the 1689 prototype. Original units were manufactured
at Allentown, and later production was done at Laureldale. This type was
obsolete by 1956. Your transistor, as shown above, is one of the classic
"plastic bead” types with a 1953/54 date code.

WESTERN ELECTRIC 2N23
(Lower right in photo)

A truly unique point contact transistor. The GA-51984 was manufactured at
the WECO Kearny plant for a specific military contract (The "GA" identifier

STER CTRIC Y P p Y
WE GEA N51E;'8E4 is thought to indicate a WECO Government Account). This early variant of
o= the 2N21 was based on the original cartridge design with provision for direct
(Top center in photo) soldering to the added mechanical leads. Your transistor, as shown above,
is dated 1953/54 and includes the unique labeled tubular carboard container.

TOTAL HISTORIC TRANSISTORS INCLUDED = 4
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Storage and Display Packaging Included in this Collection
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Also included is

All four of the historic transistors are stored in descriptive display envelopes - the

plastic display sleeves as shown above provide additional protection.

the original 6A-51984 packing tube from 1953/54.
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