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SUMMARY OF STATUS

As resorted in Sections 2 and 3, Tasks 1, 3, and 6 have been completed  No work was dune on Task 7
during ths report interval - Task K 1s covered In a sepasat? series of reparts. Work done an the ather
tashs 15 summarized blow,

Puring the period cuvervd by this report 16 September through 15 December 1956, approximately
5 00% huurs were devated by key personnel to work on this project.

TASK 2 - TRANSISTOR RELIABILISCY

O account of the heasy demand for aging tnformation frum users of transistors the direct determina-
tiud of relsability 1s still being poshed. espe r the newer transistors  Tests on tme rates of aging
of particular transistors with temperature and with applied voltuge are under way and a pre iminary report
miy b varlable nest gaarter. Although the results of this type of test are dependent on changes srd 1me

+.27. 1t 18 Lelieved that the greater stbility now avalable from new surface process-

ing and the aeed tor viformation on new types make this work of vontinuing urgency.

Correlation of Lie observed aging trends with the physical causes is continuing, under difficulties
“aused by the anherent seasianity of the surfaces Ly Sontamination by atomic amounts of water, oxygen and
other trace antuents  An experiment to study sumultanconsly surface properties and aging of junction
charucterisiics in the sume ambient as been unde ‘taken, fiom which it 18 hoped to separate the physical
« 'uses and thereby improve the understanding and eff of the aging

TASK 4 - NEW AND IMPROVED THANSMISSION-TYPE TRANSISTORS

~~=eat of diffused-base germanwm and s:licon trancistors has continued. Temperatars: studies
uf charactenistics and performance have been made on the M ¢ gernantum p-n-p oscil-
lator transistor unde- Eacellent oseillator
efficieneies were obtained Developiment actvity on the 112055 and M2056 low-level commaa-
base and common-emitter umplifics 2t 18 been expanded under the same contract  The character-
18tics of il medels of these diffuscd-Base g rmanium devices are 2450 very encuuraging.

Mudifications «n the structure of tht M2956 p-n-1-p s1iicon power transisior have increased the oscll-
lator efficiency of this device so that efficiencies above 50 per cent and pow rs greater thn § watts have
been chituned in experimental aids ol 15 an saitator pertormance tsting has bec, accompumed by other
characterization work Such as d-c low-frequency and high-fre fwenes parameter measorements These
reselts have been compared with a proposed equivalent circuit and with pulse-measurement data, Tho
initial design objectives for this unit have been reached

TASK 5 - TRANSISTOR TEST METHODS

Chater 6 dencribes the present stitus of the 5-me to 250-me Phise Set and d sy
walk prfurmance signal to noise rtie and 1mprovemen & 1n the synchromizidics «

5 tmproved cross-
em performance.

This report contains vopvrighted or copyrightabie materiai {Chapters 1 anc )
not first produced under a government contract and shall he reproduced or used for
grvernmental purposes only azd not for sales or deposition to the genesal public.

This report contains ntethigence (Chapters 1 and 21 not first produced under a
goverament contract and shall not be given to uny foreign government without the
written consent of the contractor
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SECTION 1 - PURPOSE

The generz! purpose of this contract is to make studies and i
related to transistors and transistor-like dev
properties ar.d applications, with a view towa
practicality of their use in operating equipment. This contract is a successor to
two preceding contracts of a similar nature: Coniract W36-039 5c-44497, herein
after referred to as the First Engineering Services Contract on Transistors; and’
Contract DA 36-039 sc-5588, hereinafter referred to as the Second Engineering
Services Contract on Transistors. Both of these contracts were included in
Department of the Army Project 3-19-03-031 and Signal Corps Project 27-323A-1,
The reports on these contracts contain much reference material, particularly on
cual-stahility fitching cirewits suitable for data transmission and also on other
Properties of various transistors and related devices. Unless otherwise stated,

all references to previous reports are to those produced under this, the Thi~d
Engineering Setvices Contract,

nvesiigations
ices, together with their ¢lrcuit
rd demonstrating and increasing the

These contracts call for services, facilities, and mater:
mutually acceptable tasks. Of the eight tasks assigned, three have been completed.
Task 1 involved the development of an oscillator of very low power drain, the Final
Report on this task was issved on 1 June 1952, Task 3 covered a symposium on the
circuit properiies of transistors; the Final Report on this task was issued on 1 Feb-
ruary 1952, Task 6 called for theorvtical and experiraental studics leading to the
development of photecell blocks as set forta in the specifications for p-n junction
bhotocells and photocell blocks (NRL Problem R05.54); the Final Report on this
task was issued on 31 January 1955,

ial to be employed on

The cther assigned tasks are out!
by separate reports, an outline of this
parties is also included here,

ined belew. Although Task 8 is being covered
task as agreed to between the contracting

The terms “zero-order exploratory development” and "
develupment” employed in the {ollowing outlines are defined
under the First Engmeering Serv

first-crder feasibility
in two reports issued
ices Contraci un Transistors: the Sixth Quarterly
Report, pages 11 to 13, and the Final Report, Section 4, pages 5 and 6,

TASK 2 - TRANSISTOR RELIABILITY

The contractor shall conduct a broad program in transistor reliability designed
to accomplish the following objectives:

(a) Provide quantitative definitioris
reliability figures of merit,

(b) Evaluate available trans:

of transistor and transistor circuit

istors in the light of the above definitions.

(c) Explore the possibilities of develo

ping more reliable transistors in
terms of (a) above,

r 2013/10/25 : CIA-RDP81-01043R002300090003-0
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TASK 4 - NEW AND IMPROVED TRANSMISSION-TYPE TRANSISTORS

‘The contractor shall make theoretical and experimental studies leading to zero-
order exploratory development and, upon mutual agreement, to first-order feasibility
development of:

(a) New transistors using new or previously untried principles.

(b) New transistors obtained by studied modifications of existing types.

The new transistors shall be primar ily intended and suitable for application to
voltage, current, and power amplifiers, and associated electronic transducers. In
particular, it is desirable to carry through the zero- and first-order development
of = point-juncticn transistor for micropower radio-frequency applications,

In general, a-c amphifying devices for voltage, current, and power amplifica-
tion, which are of particular interest, have transmission properties in the following
ranges:

(a) Frequency range: two cycles per second to 100 megacycles; this range
need not be achieved in one transistor,

(b) Voltage ranges: one microvoll to fifty volts: same comment.
Current ranges: one microampere to one ampere; same comment.

(d) Power ranges: cne microwatt to ten waits; same comment.

(e) Noise figures.at 100 cycles per second; two decibels as a goal.

Class A and AB operation is intended. Per cent harmonic distortion is indicated
at three per cent as = goal. In order to arrive at useful devices it will be necessary
to keep in mind the eventual importance of simplicity of operation and construction,
interchangeability of transistor units, drifts of important circuit parameters, such

\.as gain, selectivity, distortion, etc., with time, temperature, and climatic conditions,
in that order of importance. Avoidance of unusual circult requirements, such as
inordinately low per cent regulation in power supplies or cumbersome associated
equipment is also ar: ultimate desideratum. .

For CW oscillator service, device praperties in the following ranges are of
particular interest:

{a) Frequency range: twenty cyclez per second to 100 megacycles, not

necessarily in one unit.

(b) Power rarges: ten m crowatts tc five watts.

(c) Frequency stability- Variations of device characteristics which affect

frequency shouid be camparable to those of electron tubes commonly
used in electron-coupled oscillators.

The transistors to be ultimately developed for manufacture are irterded to
improve the electronic contrivances now available using electron tub: .~ L:e
matter of:

(a) Operating parameters, such as gain, selectivity, noise, drift,

operating life;
(b) Piiysical size and weight (reduction);

ved for Release

Power requirements (reduction);

Cost;

Simplicity of construaction and operaticn;
Maintenance problems;

Effect «f extraneous environmental iniluences, such as temperature,
humidity, shock and bounce, and pressure.

TASK 5 -~ TRANSISTOR TEST METHODS

Task 5 involves the formulatior of requirements for transistor test equipment
and the fabrication of an experimental model.

TASK 7 - TRANSISTOR CIRCUIT COMPONENTS

T:ask. 7 specifies studies and investigations of suitabie iniaturized components
for transistor circuit applications aimed toward the following four major cbjectives:

(a) To determine appropriate electrical ratings and the most suitable
mechanical characteristics for component apparatus such as inductors
transformers, capacitors, resistors, potenti S. power )3 ’
etc., presently needed in transistor circuitry.

To determine what types of components meeting these requirements
are currently available in reasonably satisfactory form.

To report on the status of work being carried on at Bell Telephone
t of ini

Laboratories on the ized ¢ to

meet the stated requirements.

To formulate recommendations as to areas of component development
work not being adequately covered by Bell Telephone Laboratories

and on which the military services might concentrate fruitful additional
develorment and rcsearch effort elsewhere,

TASK 8 - IMPRCVED CRYSTAL RECTIFIERS

The contractor shall make theoreiical and experimental studies leading to
zero-order exploratory development. and upon mutual agreement, to first-order
feasinnity devel ent angd to second-order de of:

() New crystal rectifiers using new or previously untried principles.
12) New crystal rectifiers obtained by studied modifications of existing
principles.
_ The new crystal rectifiers shall be primarily intended and suitable for appli-
catjun to broadband microwave mixers.

Since' Task @ :lS being supported solely by the Signal Corps Procurement Agency,
and s of interest in a separate group of applications, it is being issued as a separate
report under Centract DA 36-039 sc-5589,

50-Yr 2013/10/25 : CIA-RDP81-01043R002300090003
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‘The zero-order research and exploratory development shall be carried on in

three phases:

(a) The development of a comprehensive design theory of the crystal rectifier
by extension of the p-n theory of rectifiers to the required frequencies and
signal levels shall be carried on in the first phase, The theory should
relate the large- and small-signal impedances to the resulting conversion
characteristics. Moreover, it should relate the large- and small-signal
impedances, the noise, and the power capabilities to the material and
structural properties of the device,

The second phase chall include the exploration and evaluation of materials
and techniques. Examples of mater: might be silicon, germanium,
silicon-germanium alloys, or the intermetallic compounds. Examples
of techniques might ve diffusion, alloying, remelting, or bombardment.
The third phase shall include the fabricativi of exploratory crystal
rectifiers and a determination of their characteristics to check the
zero-order theory,

Upcn mutual agreement the Task may include first-order feasjbility develop-

ment which shall be carried on in the following manner:

(a) The first phase shall involve a refining of the zero-order theory ir light
of the findings of (c) above. The theory shall be extended to include a
study of reliability factors, such as temperature, humidity, shock, and
vibration.

(b} The second phase shall constitute a choice of material and technology.

() In the third phase sufficient crystal rectifiers shall be fabricated to
determine feasibility.

The performar « objectives to be sought by these designs shall be:

(2} Improvements in the order of two to three db for conversion loss and a
two-tn-one reduction in noise ratio over present-day crystal rectifiers.

{b) Crystal rectifiers capable of cperating over a 12 per cent bandwidth.

{cj Crystal rectifiers having substantial improvement in regard to burn-out

by high level pulses.

(d) Balanced crystal rectifiers and reversed polarity crystal recufiers shall

be investigated.

Upon mutual agreement, the Task may include second-order development,
based on the information gathered in the zero-order and first-order development,
applied to the design of one or more specific crystal rectifers. These crystal
rectifiers would be specific in the sense that they would be designed to operate at
a fixed-frequency range und bandwidth between specific impedance levels and under
specific power levels. Particular attention would be given to the reproducibility
and reliability of the crystal rectifier. No development of the mixer plumbing
would be anti:irated,

The specific develcpment would lead to the gathering and writing of second-
order design information and the supplying of 200 sample models.

oved for Release

SECTION 2 - ABSTRACT

TASK 2 - TRANSISTOR RELIABILITY

'l.')\is Teport contains two chapters: one on neutron radiation damage to certain
transistors and diodes, and one sn an aitempt to correlate aging behavior with noise
measurements. Although neither of these studies was made on the subject contract
liey are reported because they are (lusely related tv the field of Task 2. ’

A_ preliminary study of the neutron radiation sensitivity of five types of germanium
transistors and five types of siticon diodes is reported in Chapter 1. All measurements
were performed outside the neutron enviruiment several weeks alter the neutron ex-
posure. AThe extent to which the various devices were affected varied enormously.
Changes in swsistivity, junction capacity, and lifetime (as manifested by change in
alpha for the transistors and change In forward current for the diodes) can be reason-
ably well explaired by the expected radiation damage changes in the bulk properties.
The universally observed increase in reverse junction current cannot similarly be
explained and apparently results from degradation 1n the device surfaces.

Ir Chapter 2, neise measurements are reported that were made on silicon diodes
ith aging behavio a short test.
aid in quick prediction of reliability.

Am}ough no correlation was found, it is still believed that physical meckanisms pro}-
ducm»g aging trends must be related to those producing noise; consequently, a cor-
relation should appear some day when the phenomena are more completely analyzed,

TASK 4 - NEW AND IMPFOVED TRANSMISSION-TYPE TRANSISTORS

The work on devel ; nt of tra ission tr; i S is reported in three chap-
ters. Resu!ls or3 germarium diffused-base transistors are to be found in Chapters
3 and 4, which give, respectively, oscillator performance and parameter measurements
:;‘2:)};2‘1\4?;)}‘39 at ;OD‘C and preliminary results on the low-level amplifiers M2055 and
b e preliminary studies of the P-N-1-P Silicol ist
n Chamor's n power transistor (M2036) are

' fl'he high-temperature studies on the M2039 in Chapter 3 show that oscillator
_ef{mnencies at 200 me decrcase from 44 per cent to 32 per cent as temperature is
increased from 26°C to 100°C, Parameter measurements also reported in Chapter 3
show that collecior rrverse current increases to about 150 microamperes as tem-
perature increases (o 100°C. The 167-me cormon-emitter current g%;in deéreases
about 1to 2 db in the same temperature rise. Ohmic base resistance is substantially

*4lthoush this work {s being done under Industrial Preparedess Study Comract DA 36-039 sc- 62529
{119 Tepurted here becavse of s bearing on future work of the Developmens Contract ’
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unaffécied by the lemperature increase. Low-frequency h-parameters vary In ap-
proximately the manner expected from theory.

A number of low-level germanium diffused-base amplifiers have been made, as
reported in Chapter 4. The mechanical design of the M2055 common-base low-level

r-f amplifier unit and the M2058 common-emitter broadband unit has been modified

to simplify fabrication and improve reliability. These changes have permitted the
fabrication of about sixty units with very enceouraging electrical characteristics. Of
these units, 60 per cent had common-emitter short-circuit current gains (B) at 100
me in excess of 12 db, and 33 pcr cent have gain greater than 14 db. Low-frequency
1 + hy, is unsatisfactorily high at present, with a center around 0.05. Work on all
three of these diffused-base germanium types will continue under the Industrial
Preparedness Study Contract.

Laboratory mode1s of the M2036 p-n-i-p power trans:stor are described in
Chapter 5. The structure has been modified by reductlon of the collector area and
of the base-to-emitter spacing, and the base region has also been made thinner.
These changes have produced wafers which deliver more than 5 watts r-f output
power at 10 mc. Characterization studies have shown alpha cutoff frequencies in the
60- to 90-mc range as extrapolated from common-emitter measurements. A simple
equivalent circuit for this device has been proposed and approximately verified by
radio-frequency bridge measurements. Comparison of pulse and small-signal meas-
urements indicate discrepancies possibly asscciated with collector series resistance
or with nonlinearities in the device. The high-power performance capability of the
M2036 design has been demonstrated. Continuation of this development is planned.

TASK § - TRANSISTOR TEST METHODS

Chapte: § descritcs the present status of the 5-me to 250-mc Transistor Phase
Set. The following items are discussed:

(1) Improved crosstalk performance in the measuring path switches
(2)  Signal-to-noise ratio data on the amplifier-modulator

(3) Impro s in the synchr ion system performance

SECTION 3 - PUBLICATIONS AND REPORTS

No publicatioas or reports were issued during this period.
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SECTION 4 - FACTUAL DATA
TASK 2 - TRANSISTOR RELIABILITY

Chapter 1

NEUTRON RADIATION EFFECTS ON
GERMANIUM TRANSISTORS AND SILICON DIODES

By W. L. Brown

1.1 INTRODUCTION

n the Interests of exploring the sensitivity of semiconductor devices to a neutron
environment, a group of germanium transistors and silicon diodes were irradiated in
the Brookhaven National Laboratories nuclear reactor. In addition to the author, a
large number of people contributed assistance and stimulation to the work. Their
contributions are gratefully acknowledged.

Pile radiation produces effects on semiconductor devices In several different
ways:

{1) Through tr

acceptor atoms

ions of the atoms to = ~mical donor and

(2) Through displacements in the atoms of the lattice umbardment damage),
the vacancies and interstitials thus produced acting iike donors, acceptors,
and recombination centers

(3) Through ionization in the lattice, which gives hole-electron pairs in much
the same way that light does

{4) Through surface effects, either by direct interaction of the radiation with
the semiconductor surface or through interac'ion with the encapsulating
container or its filling medium

The rate of generation of hole~elcctron pairs is Zpproximately g = 2 x
10'°R,/em3sec where R is the radiation field in roentgen per hour. With a life time
7 and diffusion constant D this results in a junction current iy = 3 x 10°°R VDr
amp/ecm? which for a lifetime in germanium on the order of ten microseconds is a
current iy = 1 x 10°1°R amp/cm2. None of the measurements to be described here
were made in the pile, so that ionization occurs only as a result of the radioactivity
of the units following the neutron radiation. By the time the units were measured,

R was much less than 1 r/hr, so that the current develeped in this way was negli-
gible. In the pile, where the radiation field may be 10® r/hr, the added junction cur-
rent might be quite important,

This chapter contains copyrighted or copyrightable material not first produced
under a government contract and shali be reprodi ced or used for governmental pur-
poses only and not for sales or dispositicn to the ¢eneral public. This chapter con-
tains intelligence not first produced under a gove: nment contract and shall not be
given to any foreign government without the written congent of the o
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With the usual spectrum of pile neutrons, and with temperatures sufficiently low
{less than about 200°C), so that a substantial part of the bombardment damage has
not anncaled, the eff:ct of transmutations is generally small compared with the ef-
fect of homburdment dimage.

The present experiments are thus concerned with body effects of radiation Jdamage,
about which considerable is known and more can be reasonably estimated, and with
surface effects, about which essentially nothing is known. We will attempt to assess
to what extent one or the other of those is dominant,

1.2 THE DEVICES AND THEIR NEUTROX.‘I EXPOSURES

Five types of germanium transistors were irradiated with integrated thermal
neutron fluxes of 1013, 10", and 10'S neutrons/em?2. Two 1893 point-contact units,
two 1868 p-n-p alloy units, two 1853 n-p-n alloy units, two 1859 n-p-n grown-junction
units, and one 1777 p-n-p alloy unit were subjected to each of the three neutron doses.

Five types of silicon diodes were given exposures of 10'S and 10'6 n/em?. Two
2048 and two 2032 double-diode voltage regulator units, two 2025 and two 2029 power-
diode units, and two solar batteries wcre each given the two neutrons doses.

The flux level of the exposvres was about 2.5 x 10'2 thermal neutrons/cm?sec.
Radiation damage is preduced by the fast noutron flux, which is roughly 30 ner cent
as large. In the remainder of this report, the flux figures given represent the inte-
grated thermal flux as provided by Brookhaven National Laboratories. The temper-
ature during radiation was less than 60°C, and probably less than 50°C, In all cases.

Nuclear reactions in the semiconductors znd their leads and encapsulating
envelopes made the units highly radioactive, particularly in the devices given iarger
integrated fluxes and involving massive pieces of copper for cooling purposes. No
electrical measureinents were made on the units until several weeks after the neutron
expusures, to allow the radioactivity to decay to 2 safe level. Even short of studying
the cevices during actual radiation, there is a large time interval which has not been
explored in the present experiments and in which there might be ionization-induced
junction currents and perhaps important effects of readj in suriace chemistry.

1.3 INTERPRETATION OF CHANGES IN DEVICE CHARACTERISTICS

In this section the various types of devices are discussed individually, A large
number of parameters were measured for some types and only a few for others.
Particular attention has been paid to changes in reverse current, alpha, and junction
capzcity for the transistors, and in reverse current, forward current, and capacity
fer tne diodes.

1.3.1 1893 Germanium Point-Contact Transi s

At exposures of 10’ and 10" n/cm? the characteristics of these units
were practically uacharged. At 10'5 n/cm?2 the collector current at zero emitter
current rose by a large factor, and \he devices lost transistor action. These units
are made of four- to six-ohm cm n-type germanivm fdonor concentration 4 x
10™/cc). Radiation damage by neutrons, according to Cleland, Crawford, and Pigg*in-
troduces net acceptors in n-type material at a rate X2 acceptors/cm?/neutron/cm?

*Cleland, Crawford, and Pigg, Physical Review, Vol. 98, 1955, p, 1742.
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{two ar.ceptors/neutron cim}. Consequently one would expect the n-type material to
convert Lo p-type between 10 and 105 n,’zm?. The observed changes bear out
this expectation, Surface effects in these uaits seem to play no important role,

1.3.2 1868 P-N-P Ger ium Alloy Tr i S

At 10'% and 10" n/cm? these devices suffered a progressive increase in
reverse collector current, a progressive decrease is alpha, and, at 10M n/cm?, a
measurable decrease in collector capacity. At !¢'¥ nscm? the units failed, es-
sentially with shorts between ethitter and collectur. The decrease in collector ca-
pacity at 10" n/em? indicates the introduction of dcceptor centers at a rate approx-
imately two per neutror cm. The failure at 1015 n'em2, as in the preceding case,
can be attributed to conversion of the base material from n- to p-type. If the changes
in alpha (which before radiation was about 0.95) are interpreted as merely due to a
decrease iy electron lifetime in the base region, assumed to be 1-mil thick, at 1014
n/em? 7 X 1 microsecond. The lifetime due to radirtior damage at 10!3 n/cm?
(the change in net lifetime is so small the result lacks ace iracy) is about ten micro-
seconds, agreeing with the notion thet bombardment introduces recombination centers
at a constant rate. There areqo measurements availadle of vulk 1fetime change pro-
duced by neutron radiation, but one can make a judicious, if somewhat unreliable esti-
mate by analogy with experiments of lifetime degradation by electron radation damage
carried out by Loferski and Rappaport* in n-type germamun. Using the rate of cha;ge
ol conductivity by electrons and by neutrons as a means of comparing their ellec-
tiveness in introducing “amage, and assuming the same ratio applies 1 degradation
of lifetime, one calculates a lifetime of about 0.3 microsecond for 10" n‘cm?, The
agreement is at least as good as could be expected, and makes it plausable that the
alpha degradation does result from body-lifetime change,

Ustng the val e for the lifetime obtained from alpha (the change in base
resistivity is too small to be considered) one can calculate the change in I, to be
expected due to change in hole current flowing across the collector junction. At
10 n/cm? the ‘ncrease should be about 3 microzmperes, about an order of magni-
tude less than observed. This it seems «hat while capacity and alpha changes are
consistant with expected changes in body properties of the base material, the change
in collector current is dominated by some surface effect, detaii unknows, Clearly
one would like to re-etch *he radiated units to check this poinl. Such measurements
have not yet been made.

Table 1-1
Changes in 1858 P-N-P Units

Table 1-2

Changes in 1853 N-P-N Units
—_—

Paramcter Measured Parameter Measured
nfemt —————— afems - i “
aleo  Alpha aCe :

ale,  Alpma ! ac,

108 % 5pa 0.91) <t 16'* + 1.5 ! 0.98  <1upf
101 ¥25pa | 0.80 | -2uuf 101 '

Mpa | 0.975 1 a1t
0% - o -
[ N A

i 101 120 ! 0.71 | aspuf
" .

*Loferski ard Rappaport, Physical Resiew, Vol. 98, 1955, p, 1661,
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1.3.3 1853 N-P-N Ger Alloy Tr S 1.8.7 2025 and 2025 Sillcon Power Diodes
£229 Anc cU¢ Sillcon Power Diodes

These devices showed progressive increases in Ico, docreases In alpha, These dlodes depend isr their extremely lew forward resistance upon
and increases in collector capacity throughout the range of radiation, conductivity modulation of the nominaily 50-chm cm p-type base material, This
modulation requires a base lifetime the order of 10-7 seconds, with base layers about
1-mil thizs  Even after 10'5 n/em? the lifetime was apparently iess than this, and
the forward characteristic was limited by the resistance of the base. The base re-
sistivity deducec from the forward characteristic was about 100 ohm cm after 1015
n/cm?, and between 105 and 195 ohm cm with 10'® n/cm2. This s in accord with
the expectation that, in Pp-type silicon, bombardment introduces net donor centers
in such a way as to make the resistivity approach intrinsic. (Both n- and p-type
silicon increase in resistivity with radiation; no evidence of a conversion in type has
been seen.) The junction capacity showed a vecrease at 10'5 n/em?, and a further
dccrease to a value too small to be measured reliably at 1016 3,/Am?, in agreement
with the resistivity figures. The consistency of these two types of measurement
shows there is no large change in carrier mobility prcduced by the bombardment.
There were inceases in reverse current which correlated roughly with bombard-
ment, but which showed coasiderable scatter. These increases, even in the large
2025 device at 10' n/cm?, were no larger than 50 microamperes at 200 volts,

Since the radiation Introduces acceplors in the p-type hase, one does not
expedd faiiure with emitter to collector shorts. The increase in capacity indicates
this increase in acceptor concentration and gives a value of about 0.5 acceptor necutron
c¢m which compares quite reasonaoly with the value of 0.7 given by Cleland, Crawford,
and Pigg* for p-type germanium, Attributing the change in alpha to change In base
lifetime, as for the 1968, one finds a bombardme nt-tnduced lifetime of 50 micro-
seconds, 8 microseconds, and 0.3 microsecond ior the three neutron doses. This is
only very crudely inversely proportional to bombardment. Note that the lifetime in
P-type is degraded less rapidly by bombardment than in n-type. No measurements
of bulk properties are available to check this point. Again, using the lifetime deduced
irom atpha to calculate an increase in Ico one obtains values about an order of mag-
nitude less than the measured increases. The surface again seems to play a dominant
role in the junction currents. i

1.3.4 1859 N-P-N Germanium drnwn—Junclion Transisters

A crude lifetime estimate af 5 x 10°® seconcs with 1015 a/cm? ean
Unfortunately no prebombardment measurements are available for these made, based as in the germanium cases on measurements with elec'ron bombardment.

units. Alpha is significantly smaller and I, significantly larger fcr units with a This value is certainly consistant with disappearance of the conductivity modulation

large radiation dose, much as in the alloy n-p-n transistors, but quantitatively little under forward bias. It does not explain the reverse currents, which in the sl.1ple

can be said. calculation would require a lifetime the order of 10-!7 second. -Probably the reverse

currents again arise from some surface condition,

1.3.5 1777 P-N-P Germanium Alloy Power Tr 5

Even at the 10'3 n/cm? level tl':.ese units suffered very badly. The_col» 1.3.8 Solar Patteries

lector current became the order of a milliampere compared with 50 to 100 micro- ——

amperes Lefore radiation, and varied in ro systematic way between the 103 and The solar cells lost efficiency quite drastizally at 1015 n/em?, and even

10'% n/cm? samples. Even taking into account the larger area of the 1777 (a fac- - more at 10'® n/cm?. Both open-circuit voltage and short-circuit current dropped

tor of about 25) the change in I, is an order of magnitude larger than in the 1868 with standard illumination. There are several possible effects which may be

at 10" n/c- 2. No alpha measurements could be made with these units 50 enormous contributing.

were the carrents. Something in the surface treatment or the encapsulating can (the

filling mediuta in both 1777 and 1868 is dry air) must be very significantly different (1) Carriers produced by light near the surface may not be able to get

to account for the different sensitivities of the two devices to neutrons. through the p-type diffused surface layer to the junction in their life-

time. This required 7, < 2 x 10-° seconds, 2 figure the same order

as expected for 10'5 n/em2. This process must at least be important,

1.3.6 2032 and 2048 Double-Diode Silicon Voltage Regulators

Even at exposures of 10'6 n/cm? these devices survived with only minor
changes. The breakdown voltages of the umts were between 11 and 20 volts, com-
pletely unchanged by radiation. The base P-type material was between 0.01 and 0.06
ohm cm, and the acceptor concentration the order of 1017 -10'8/cm3. Up to neutron
doses the order of 107 n/cm?, one would not expect to find an important change ir
base resistivity or, correspondingly, in breakdown voltage. There were significant D. A. Kleinman has pointed out that with the presence of boron, which las
but not consistant increases in reverse current -among these units, but never to an a very large neutron capture cross section, the bombardment damage situation may
extent to place the units outside their device specifications. The larger device, the be complicated. In the solar battery the diffused layer is boron, the concentration of
2032, has a heavy copper mounting screw, for heat dissipation, and showed high radio- beron at the surface of the layer being extremely high. The neutron reaction with
activity for weeks after bombardment. the boron gives alpha purticles which are much more effective at producing damage

than neutrons themselves., A very high rate of damage might be expected under the
*Cleland, Crawford, and Pigz Phys:cal Review, Vol. 99, 1855, p. 1170, circumstances. There is insufficient data to comment further on this p

(2} The junction may have high saturation current because of low lifetime
in the n-type base material. This requires 7, < 107! seconds.

{3) The junction may be shorted by some spurious conducting path.
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1.4 SUMMARY

There Is wide variution in the sensitivity of the devices examined to neutron
radiation, generally b :cause of differences in resistivity ol‘Alhe starting materials
and in the importance of lifetime to the device characteristics. The effects of nev-
trons on bady lifetime and resistivity seem to manifest ‘.hemselyes about as one
would expect from other meusurements. Changes in alpha and junction capacity ca:x
be reasonably well accounted for un this basis. However, surface effects _dc s‘eem o
play a very impurtant role in chanzes in reverse current, and the mechanism is
entirely unknown.

There are cleariy some gaps in the present exneriments that s‘h‘ould l{e fitled.
The re-etching of germanium transisiors and, less important, of .sflxcan dl?des to
sec if one can recover yunction currents needs to be done. The silicon de_vnces need
to be exarnined at lower integrated neutron fluxes to see the onset of the lifetime
deterioration.

It would be interesting to measure the characteristics in pile and_lmmediately
after removal with the hope of observing the changes in surf:ce_ chemistry t}}at must
occur. Different encapsulating environments and containers might show radically
different surface sensitivity.

-01043R002300090003-0
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Chapter 2

NOISE AND RELIABILITY OF DIFFUSED SILiCON RECTIFIERS

By C. H. Knowles

2.1 INTRODUCTION

For seme “Ime the bolief has existed that thers is a direct correlation between
roise and reliability of silicon rectifiers. If this were so, and the correlation could
be discovered. her one would have a powerful tool for studyung, and possibly pre-
dicting, reliability in diffused silicon devices.

The limited study reported herein was undertaken to determine noise character-
istics of diffused silicon diodos. Reliability as reflecied in 20 heurs of aging was
measured as a function of noise under various bias conditicns in an attempt to find
a correlation. The bias cenditions were canstant-voltage reverse bias, constant
reverse current, and constant forward current. R

During the measurements, a well-defined relationship was discovered hetween
1/f noise current and rcverse current. That relationship is given in this chapter;
further work is anticipated here, howeve., and will be reporied later in more detail.,

2.2 DISCUSSION

2.2.1 Moise and Reliability Correlaticn

Certain types of noise have {requently been associated with surface condi-
tions.*t In particular, 1/f noise has been correlated with reverse “"saturation® current,
There have also been correlations of noise and short-term drift with reliability tn
germanium devices.t% These have been empirical studies.

We have speculated on the possible correlation cf rel iability with shaky
reverse characteristics.* That is, it might be feared that a diode with a shaky reverse
characteristic would develop a low voltage breakdown (Vg) during or after its "shaking*

7 G- L. Pearsun H C. Montgomery, and W H Feldman, Journal of Applied Physics. Vol. 21, 1955, pp.91-92,
W H. Funger, “Transistor One, RCA Laborataries. p. 239 and following.

1J.H Forster, persanal communication,

3 P. Zuk, persenal communication.

This chapler cortains copyrighted or copyrightable material not first produced
under a government contract and shail be reproduced or used for governmental pur-
poses anly and not for sales or disposition to the general public. This chapter con-
tams intelligent ¢ not first produced under a government contract and shall not be
Riven to any foreign gor meat without e winten consent of the contractor.
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Fig. 1 - "Shakiness"” in breakdown Fig 2 - Proposed mechanism of failure
The mechanism of failure might be described as follows: if a "shaking”
diode were in a high-voltage rectifying circuit and developed a low Vg, it might be ex-
pected to pass a current limited only by the circuit impedance. Moderate currents
(say, 0.1 ampere) at high voltages (say, 160 volts) mean rather high powers (10 watts
in the parentnetical case). The power dissipation in this case would probably be
highly local, causing high local heating (see Fig. 2). The heat would probably accel-
erate the mechanism of low Vg, causing further degradation of over-all rectifier
. characteristics.
We have no theory to present which describes the noise, or shaking, in even
a qualitative way. It is, however, observed somewhat as shown in Fig. 1.

2.2.2 Philosophy of Measurements
Noise was measured under three conditions: (1) constant low-voltage
reverse bias, (2) constant reverse current, and (3) constant forward current.
Low-voltage reverse-bias noise is measured as in Fig. 3. In this circuit
a constant voltage is applied to the diode and the noisy current fluctuations are meas-
ured. In this way cvery diode can be measured in an equivalent fashion, i.e., a
given voltage is applied to every diode.

___ For the rase of constant Jow voltage one ¢xpects 2 shot noise of ¥ = 2qlaf
where i2 is the mean squaie noise current, q is electronic t:hﬁgey I is the tem-
perature limited current, and Af is the band width over which i2 is measured. The
shot noise is seen to be "white"; that is, constant in frequency.

Empirically, many workers in the semiconductor diode field have found a
1/f noise which is superimposed on the shot noise. At low frequencies the 1/f noise

-1
T pyes g ame —

BauTEn = aouusTanE =
ften
= .ujv [

amoLERR L

vive

Fig 3 - Nolse-mensuring circuit, set to measure noise currents at constant reverse voltage

COnSTANT
CukREnT

{esnenson

Flg. 4 - Noise current for constant-current measurements

};‘r:z:os?:;a‘:e:. Atx highl Ilrlequencles the shot noise Is the noise that ie seen. It has
b ¥n experimentally, for germanivm, 14, /1 noi roport! 1
caturation er bemt ey diodegs,' > tal 1/{ noise is pr oportional 1o reverse

petwecn re\‘lll: discovered that, in silicon diodes. there is also a definite correlation
37 rse “"saturation” current and 1/ nnige. Th i
i _ se, € reverse “saturation” cur-
rent here 1s due, in all probability i obeer
. Y to surface leakage, since the cu,
are much larger than one can predict fr icor ropartien e
i ! om the semiconductor body proper
relationship between noise and reverse current is approximately; Y properties. The

irms = 1074 T, BE

i

where irms is the magnitude of the 1/f noi
: the n noise current when measursd at a frequency
I and over a bandwidth of af,and I, is the reverse "saturation,” or leakage cqurrer‘;l.

Since the reverse "saturation” curren i
S ' ts observed in silicon diodes are
5:;)‘2:;17;)! d?e to s:rface conditions, one might expect some correlation between poor
ility (caused presumably by adverse surface conditi d
By the relationship noted above '(here I} s xpectod s uration current.
N might also be expected i i
tween low voltage noise and reliability, pecied some relationship be-

3 "
cireuits r\’;‘g also measured noise voltages under constant-current foward bias. The

! of Figs. 4 :m'd 5 were used. We measured every diode under constant forward
current to get an equivalent measurement for each diode.

(SELECTER Tg GNE
4G MEEGANCE
Un CRcGiT

'

Fig 5 - Cunstant-current generator

*W. H. Fonger, op. cit.

r 2013/10/25 : CIA-RDP81-01043R002300090003-0




In the breakdown region, however, we have another matter. The breakdown
of which we speak is not the body. or avalanche, breakaown, but is generally conceded
to be due to some surface phenomenon. Noise in this region has been little studled.
In the region of sloppy voltage breakdown it is difficult to get an equivalent measure-
ment trom nne dicde to the other by using constant voltages. Some diodes have a
very high Vg and others very iow. Hence, if 2 measuring voltage which gave mean-
ingful readings in the voitage breakdown of one diode were applied, this voltage
might be catastrophically high for poor diodes.

One way of getting equivalent measurements in the breakdown region is to .
apply a constant currem and measure noisy voltage fluctuations. Such a circuit would
be as in Fig. 4. The voltage fluctuations pictured in Fig. I might be expected to show
up with such a circuit, -

2.3 MEASURING EQUIPMENT

2.3.1 Noise Spectrometer

The circuit shown in Fig. 3 was used to measure noise. The equipment
was made available by H. C. Montgomery, who designed it. The system is fairly
free o1 inise, as may be attested by the fact that we can quite accurately {x0.5 db)
measure 2 noise in a 0.5-megohm resistor. We measured in the frequency range
from 30 to 10,000 cps. Figure 7 shows an example of the corsistency and the mag-
nitude of the noise measurements.

2.3.2 Constant-Current Generator

The constant-current generator that was developed for use in this circuit
is shown in Fig. 5. This circu:t is admirably sutted for low-noise constant currents
from 0.5 pa to 1000 pa. The voltage range over which the circuit will yield constant
currents is from zero to 700 volts. The source impedance of this circuit is about
1000 megohms at the Jnw current range and about 100 megohms at the upper current
range. 1t is entirely battery operated and is well shielded, being enclosed entirely
in an aluminum box with connection to the noise measuring circuit by shielded cable.

2.4 DIODE NOISE CHARACTERISTICS

Figure 6 shows the noise current spectrum one might expect from a diode under
constant reverse-voltage bias. In addition to the diode shot noise, there is shown a
1/f nvise. The 1/{ noise is predominant
at low frequencies. The noise of the diode
is shown to be superimposed on the noise
of the input resistance of the amplifier.
The amplifier is assumed to have zero
noise,

Figure 7 shows the noise spectrum of
2n M2045 miniature power rectifier with
particclarly high 1/f noise It may be seen
from Fig. 7 that the noise measurements
A are quite good, i.e., within about 1 db/cyrle
s Aty == at frequencies of 80 cycles and above.

N\ o

Fig 6 - Expected diode noise spectrum, showing ~ For example, one can get a good measure-

addition of 1/f noise to shot noise ment of the neise in the 0.5-megchm input
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Fig. 7 - Noise spectrum of a very nolsy M2045 traniistor under -6.0 volts bias

resistor. The cata in Fig. 7 show that for this particular dioce i/f noise predominates
out to about 3 ke. This was a rather noisy unit, however, and should not be construed
as average. The equivalent Western Elzciric Company diodes, GA52937, had very

low 1/f noise. In fact, the diode noise was masked by the noise of the 0.5-megohm
resistor ir all bul a {ew units. Therefore, in order to obtain a measurement of the
noise under reverse-voltage bias, we were forced to use our noise — reverse-current
relaiionship (Section 3.2.2). Thus, instead of measuring reliability versus noise at
reverse-voltage bias, we measured reliability versus reverse current under reverse-
voliage bias.

The noise under reverse-current conditions and under forward-current condi-
tions was also observed, Attempts to correlate reliability with these were made.

2.5 MEASUREMENTS OF RELIABILITY

We chose to observe reliability of a large siroup of GA52937 rectifiers as re-
flected by a change in voliage breakdown during a 20-Lour aging. The short time of
aging was dictated by the need for a short-term test which could be used as a manu-
facturing limit. The noise measurements were interposed just before the standard
20-hour power-aging cycle. The power aging on -z rectifiers is done by having
each unit rectify 50 ma d-c “verage current from a 141-volt (rms) source. The
VO .ge breakdows. Vy (that is, the reverse voltage at which the diode conducts
»* ud), was measured before and afy r -+, aing. The difference in Vg, both post-
Tt 5o negettiL was recorded zs aVp.

s for each diode we have a measurement of AVp, noise at constant reverse
current (-1 pa), noise at constant forward current (+1 ua), and reverse current at a
constant ~oltage {-6 v). We can, therefore, plot reliability as reflected by a change
in voltage breakdown as a function of three things: noise at a reverse current, noise
ata forvard current, and 'saturation” o1 leakage current,
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Fig. 11 - Change in Vy versus mean nolse Fig 12 - Charge in Vy versus range In noise
at constant-current forward bias with diode under 10 a forward-current bias

2.6 RESULTS

The results of the measurements, in brief, showed a complete lack of any cor-
relation between noise and overnight aging. The data are presented in Figs. 8
through 12. Figure 8 shows a plot of AVg, the change in breahdown during over-
night aging versus saturation current (i.e., 1/f noise current at a constart reverse
voltage). Figure 9 plots AV versus mean noise in a 5-second period, while the
diode was conducting 1 pa reverse current, Figure 10 plots AVg versus the extremes
in noise measured during a 5-second period. The extremes in noise are shown here
in an attempt to indicate “shakness" in diode reverse characteristics. The ex-
tremes mean little* quantitatively without an analysis of the speed of response of the
entire measuring system; such an analysis has not Been done. Figure 11 shows
AVp versus mean noise in a 5-second period with the diode was conducting 1 Ka

« forward current. Figure 12 shows &Vp versus the extremes in noise read during
a 5-second period.

Figures 8 ﬁ.rough 12 give the reader a .00¢ 303 of the magnitudes and spreads
in noise that we observed. They do not, however, indicate any correlalion between
lhe.mensured noise and the measured reliability.

2.7 CONCLUSIONS

There seems to be no correlation hetwesn nolee angd degradation in voltage
breakdown during overnight aging of diffused siticon power rectifiers. It is pos-
sibte that the observed degradation s so large as to mask the correlation between
nolee and more subtle changes in breakdown that might be expected.
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TASK 4 - NEW AND IMPROVED TRANSMISSION-TYPE TRANSISTCRS

Chapter 3

TEMPERATURE DEPENDENCE OF THE M2039 TRANSISTOR

By J. Sevick

3.1 INTRODUCTION

The M2039 diffused-base germanium transistor is presently designed to function
as an oscillator at 200 mc, with an output of more than 50 mw with 200 mw d-c input
power, This objective was based upon operation in the neighborhood of room tempera-
ture. A very interesting and important guestion ts how these high-frequency germanium
transistors operate at elevaied iemperatures. The answer to thts question no doubt

1l supply valuable information to circuit designe *s who need the efficiency and high
i:euuency performance of the germanium transisior operating at sucn elevated
temperatures.

High-temperature operation of the M2039 transistor was measured by m:
performance, high and low frequency, ard I, measurements at elevated tempers
on ten units. A simple oven was designed so that existing gear could be utilized
the transistur itself was maintained at a known, elevated temperature, Details of
this system are described in Section 3.2. The results of this investigation are then
given in tite ensuing sections, followed by a summary at the end of the chapter.

3.2 METHOD

Raising the temperature of the transistor was accomplished by exposing the unit
to a stream of heated, dry nitrogen. This was :nade possible thruugh the use of a
portable heater, shown in Fig. 13, The orifice of the heatng apparatus, through
suitable clamping, was madz to enclose transislors under all tests whether they were
mounted vertically in a rack or horizontally in a jig on the bench. Dry nitrogen,
under a few pounds of pressure, was passed cver a heated coil of nichrome wire. The
Reated nitrogen then flowed through an orifice with a diameter of about twice that of
the transistor. In a matter-of a few minutes, the temperature of the complete system,
inc.uding the transistor under test, reached an equilibrium value. Temperatures were
raised or lowered by varying the current to the nichrome coil. A calibration of the
thermometer readings with those of a thermocouple fastened Lo the header of the tran-
sistor showed that deviations were less than a few tenths of a degree centigrade. This
was done under bias conditions in order to take into account the added heating effect
within the transistor.

This technique of heating not only makes use of existing test gear, but also pos-
sesses the advantage of eliminating temperature effects in the external circuitry,

20
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Fig. 13 - Portable heating apparatus

3.3 HIGH-FREQUENCY OSCILLATOR PERFORMANCE

§'nce the M2033 transistor scas primarily designed as an oscillator at high fre-
quencres, oscillator efficiency at elevated temperature was measured first. This was
done at three temperatwies, 25°C, 60°C, and 100°C, with a constant d-c input power of
200 mw. It was found in all cases that the efficiency went down with increased tem-
perature. The efficiencies of the ten units, together with the median value, are plot-
ted against temperature in Fig. 14.

Tt is important to note that the transisturs oscillated very satisfactorily at 100°C
and thai all of them remained better than 25 per cent emicient at this temperature.
This {igure of 25 per cent, which results :n 50 mw of output power with 200 mw input,
was set as the lower limit of acceptance at room temperatures ir the original design
of the unit.

In these measurements, the oscillators were adjusied for approximately maximum
efficiency at room, temperature. No retuning of a.y kind was done during the tem-
perature run. Presumably, adjustment for best efficiency at 100°C would yield better
resuits at this temperature and flatten the efficiency versus temperature curve somewhat

3.4 HIGH-FREQUENCY MEASUREMENTS

The alpha cutoff frequency of a (ransistor can be obtained by common-emitter
gain measurement.® This is done by measuring common-emitter short-circuit cur-
rent gair. at a frequency two or more times the common-emitter cutoff frequency
*Tnis work was presented by D. E. Thomas at the Electronics Device Conference, June 1995,
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{3-db point) and plotting the result on log-gain versus log-frequency coordinates. A
line with a negative 6 db/octave sicpe Is drawn through this point. The intersection
of this line and the zero gain line is approximately 80 per cent of the alpha cutoff
irequency.

For the ten transistors under investigation, only two temperatures were used in
the common-emitter gain measurements. ‘Tney were 25°C and 85°C. The .eason 85'C
was used rather than 100°C was that at around 100*C three of the transistors broke
into sustained osciliations of about 380 me. Later it was found that these units
exhibited a low-frequency alpha greater than 1 above 85°C. .

Table 3-1

Variation of Alpha
Cutoff Freavency with Temperature

; Fa 1n Megacyclos

' avzsc i atesc |
1
|

Change In
FoC

0.17%
0.17%
2.11%
0.22%
0.32%
0.15%
0.11%
0.21%
0.18%
0.16%

SThe averagr value s taken over the first nine wilis.

Unit No.

480
725

: ‘ 440

| | e
515 .

' 465 |

; sos |

470 .
D s !
| HY ’
Cons |
=
: !

|
=
i

Average* 516

Table 3-1 shows the values of the alpha cutoff frequency at the two temperatures and
the percentage rate of change of alpha cutoff with temperature. This percentage figure
is determined by cilculating the change in the alpha cutoff {requency by the method de-
scribed above and then dividing by the temperature difference. It is interesting to note
that five of the unite still had, at 85°C, alpha cutof? frequencies greater than 500 mc,

The base resistance of five of the units was measured as a function of temperature,
The reason for only using five umits was that no significant change in r, was noted
with temperature. Only one unit showed a change, und this amounted to a tota] de-
crease of 4 ohms at 100°C. This represents a change of 4 ohms in 50 or 0.1 per cent
per degree centigracle, N

The technique fur measuring the base resistance has been previously described
in Chapter 6 of the Fourth Interim Report and Chapter 9 of the Fifth Interim Report,
In brief, it consists of measuring at 250 mcps the real part of the input impedance be-
tween base and emitter with the collector shorted for a-c to the emitter. The ex-
pression for this input impedance is
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where Z, is the total Imnedance in the emitter circuit,
Inductance effects in the emitter circuit are minimized
the 3ixth Interim Report) and Z, takes on the value

With improved circuitry,
as described in Chapter 5 of

Ze X1,
. kT (3-2)

Tale

The order of magnitude of the change in the second term of equation (3-7) can be
calculaced, It is immediately apparent from equation (3-2) und from the previous
result on the alpha cutoff determination that changes under elevated temperatures of
ro and {I - a)tend to compensate each other. A calculation, using the average values
of F, from Table 3-1 and extrapolating at 6 db per octave back to 250 mc, yields an
ase in the magnitude of (1 - @) by a factor of 1.18 at 60°C change in temperature.
The n ,» which is equation (3-2), changes by a factor of 1.2.

iner

s
= MEDIAN VALUE

OSCILLATOR EFFICIENCY IN PER CENT

Fig. 14 - Cscillator efiiciency as a function of tempersture
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Therefore, any variation of the input impedance with temperature is mainly de-
pendent upon that of ry. The base resistance ry, inturn, is directly related to the
resistivity p. Where .

£ = (engity + epoity)™ (3-2
A, = equilibrium electron density
Po = equilibrium hole density

= electron mobilily

= hole mobility

= electronic charge

For the ger i diffused-base p-n-p tr i which has a heavily doped
base region, equation (3-3) reduces to

b= (enouy™ (3-4)

and no is essentially ¢ nstant over the temperature range Therefore, it can be as-
sumed from the experimental results that p, varies little with temperature. This
checks with theory * since at this high level of doping, the mobility is determined
mainly bv impurity scattering and hence can be constant or increase slightly,

3.5 LOW FREQUENCY h PARAMETERS AND I,

3.5.1 Parameter 1 + hy

The effect on 1 + hy, or 1 - 0o, was an interesting one. All ten tran-
sistors shuwed an increasing e, with temperature, as esxhibited by Fig. 15. The value
of @, can be obtained from the graph by taking the difference between the ordinate
value and 3. Three of the units displayed low frequency alphas greater than unity
beyond 85 C. Two contributing causes are:

(1) b= s=ection, at the higher temperature, of electrons into the base
irom the collector, due to the increased electron density in the co..
lector body.

(2) Increase of minority carrier lifetime in the base region with
temperature.

*W. Shockley, “Electrons and Holes in Semiconductors® (Princeton, N.J.: D. VanNostrand Company 1955)
PP. 286-288.
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The first cause stated above is the same

. ~s collector multiplication which
is found In grown junction transistors.

3.5.2 Input Impedance, by

The input impedance for the common-base circuit is

hyy =re + (1 - eoiry

1 UniTs
== WMEDIAN VALUE

3 40 )
TEMPERATURE In DEGRFES CENTIGRADE

Fig. 15 - (1-a,) as a function of temperature
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Since ry is constant, r, Increasing, and (1 - a.) decreasing with tem-
perature, it was nci Jifficult to rationalize the data whi: owed that some of the
transistor h;, measurements increased slightly while others decreascd slightly In
going from room temperature to 130°C. In any event, the changes were slight and
were not worth plotting.

3.5.3 Voltage Feedback Ratio, hyy

The voltage feedback ratio is a resuit of the base resistance and space-
charge layer widening.* Tk. equation for this ratio takes the form

ST 2wy, (3-6)

where w Is the bage-layer thickness. This result was verified experimentally,
since all ten units showed increasing values of hj; with temperature, The inedian
value changed from 1.3 x 10° at 25°C to 2.05 x 1073 at 100°C.

3.5.4 Collector Conductance, hy;

The collector conductance can be written as*

a—“: I [201 - 8) + (1 - 7))

ol
Ie (1 - a,) + e

Experimentally, all units changed very little up to about 70°C. From 70°C
to 100°C, most of the units increased in hy, by a factor of about 2, Since {1 - -39
decreased with t2mperature, ?l.,/?V, increased with temperature. Beyond 70°C,
@le0/8V. becam the dominant term.

3.5.5 Collector Reverse Currer*, Igo

The collector reverse current with 18 volts of collector bias was meas-
ured as a function of temperatuie. The results are plotted in Fig. 16. The median
value increased 2.7 microamperes at 25°C to 132 microamperes at 100°C. Inan
oscillatn ¢ reudt, for which the MZ039 was originar'y designed, the larger value at
100°C is still only about 1 per cent of the total collector current.

*J. M. Early, The Bell System Technical Sournal, Val. 32, November 1953, pp, 1271-1912,
B .
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COLLECTOR REVERSE CURRENT IN MICROAMPERES

Fig. 16 - Collector reverse current at V=18 volts as a function of temperature

3.6 SUMMARY

All ten of the M2039 diffused-base germanium transistors functioned very satis-
factorily at elevated temperatures. Indicatio is are taat the temperature range can be
extended even further. .

Oscillator efficienc:es dropped only about 12 per cent in golng from room tem-
peraturc to 100°C. The reason for this drop in oscillator efficiency wag the reauction
in the alpha cutolf at the elevated temperatures. However, six of the units still had,
at 85°C, alpha cutoffs equal to or greater than 500 meps., Small changes occurred
with temperature on base resistance, hyy, hzp, and ljp. Low-frequency alphas all
went up with temperature. Three units had alphas greater than uni.v _vond 85°C.

Ico increased by a factor of about 50.°

By taking into account, the increased collector saturation current ..d the tendency
for some units to have alphas near or greater thun 1 at elevated temperatures, diffused
base germanium transistors, with proper circuitries, should give good performance
above room temperatures.
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Chapter 4 ~

M2055 AND 212058 TRANSISTORS

By J. Sevick

4.1 INTRODUCTION

Considerahle progress has been maade in development of the M2055 and M2058
low-level high-performance r-f and i-f amplifier tranststors during this contract
interval. (Development objectives for these units are described in Chapter & of the
Fourth Interim Report “particularly in Tabie 8-1.) Units are now being fabricated
in quantities sufficient for proper evaluation,

Improvements made in the fabrication and measurement of these units, and 2
preliminary evaluation of these designs are discussed in this chapter.

4.2 FABRICATION PROCESS

A major improvement took place during this report period in the fabrication of
the M2055 and M2058 transistors. This was a direct result of the increased effort
which was placed on proper ‘coling. Prior to this period the model fabrication fa-
cilities had been largely devote: to the M20639 oscillator unit, of which a large number
were made, as reported in Chapter 9 of the Sixth Interim Report, M2058 and M2055
transistors fabricated during that report interval were essentially imnprovised from
the existing M2039 header and tooling. The reason for good progress during the
present period is two-fold: (1) a header is beirg vsed which is designed particularly
for the M2055 and M2058 transistors, and (2) a new caatilever point structure is be-
ing employed. Figure 17 shows the new structure of the upits.

Previous fabrication attempts consisted of bending one of the insulated leads of
an M2039 header, mounting a germanium waicr on a {lattened section of this bent
lead, and then welding to the sides of the two remaining vertical leads nickel sleeves
which contained the balanced C-spring. This process was a natural result of the
initial design of the unit, as first described in the Fourth Interim Report, But this
process was very difficult to control. Angles on the bent lead were difficult to
maintain. Welding to the side of a vertical lead made it practically impossible to
keep a point on the small 1- by 2-mil, half-moen, evaporated stripe. The balanced
C-springs not orly tended to short to each other, but made it very difficult to see if
the points were being placed properly.

With a new header and a cantilever construction in the point assembly, much of
the original difficulty has been removed. A "spade" is now welded to the insulated

28
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Fig. 17 - Improved structure of the M2055 and M2058 diffuscd-base transistor

coilector lead. Its orientation is quite accurutely ruaintained. Posts with accurately
controlied heights form the foundation fo: the cantilever structure. This new struc-

ture, in turn, gives a better view for the placing of the points on the stripes. Finally,
by welding the cantilever structure on top of the posts, the tendency for the points to

slip off the stripes is greatly lessened.

4.3 ELECTRICAL MEASUREMENTS

All test gear has now been modified in order to accommodate the M2039, M2055,
and M2058 transistors. This was made possible largely through th.: use of a specially
designed five-pin socket, Twc pins of the socket, the basc and the collector, are cora-
mon to all three transistors. The other three, which are the emitter pins, are then
positioned to accommodate the respective transistor,

The only difficulty which was encountes ed in measuring the M2055 and M2038
transistors appeared in the common-emitter gain measureinents at low emiiter cur-
rems. A gain-versus-frequency curve displayed the standing-wave pattern of an
unmatched transmission line. Consideraole improvement in accuracy v.as obtaineu
by increased padding in the transmission lines from the commmon-emitter gain jig to
the mixer, a1d from the locai uscillator ta the mixer. A wideband »~ lifier, using
an M2058 transistor, w'** + acorpsraded in the syuls L ordes W increase the
output of the test jig. '1mi. was lound necessary when measurements were attempted
at emitter bias currents of less than 0.5 milliampere.

A preliminary study of the data obtalned on ixty units Indicates that the initial
electrical parameters as set fcrth in the Fourth Interim Report should be realized.
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Fig. 18 - Maximum available gain characteristics with
bias and trequency for M20S5 transistors

Of these units, 60 per cent had common-emitier short-circuit gains, at 100 mc, in
excess of 12 db; 33 per cent had gains greater than 14 db. All of the cther electrical
parameters were tn order, with the possible exception of 1 + h,,. The median
value presently centers around 0.05, while the objective value is ~0.02. Attention
will be given to improving this parameter.

Circuit groups now have these transistors in sufficient quantities in order 10
evaluate them properly. A plot, by one of the groups, of the maximum available gain
as a function of frequency and biases is shown in Fig. 18. The best and the poorest ui
five units under test are shown in the figure. Initial resclts in high-frequency ampli-
fier circuits suggest thai the theoretical curves of Fig. 18, which are based upon data
taken from parameter measurements, are a measure of what is expected from these
high-perfcrmance r-f and i-f transistors.

4.4 SUMMARY

Particular advances have been made in the fabrication of the M2C55 and M2058
transistors. This has been the result of using a new header with cantilever points.

The usual electrical parameter tests are now being made on the M2055 and M2058
transistors. A specially designed five-pin socket modified most of the M2039 test
gear for the new units, A wideband amplifier using an M2058 transistor will be in~
corporated in the coramon-emitter gain measurement in order to imorove the sensitivity.

The measured electrical parameters of sixty units were all within the design
objectives, with tie exception of 1 + hy, (i.e., the alpha defect, 1 - @), whose median
value presently is about 0,05, The ot jective value is ~0.02. Attention will be placed here,
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Chapter 5

STATUS OF THE M2036 P-N-I-P SILICON POWER TRANSISTOR

By J. T. Nelson and J, E. Iwersen

5.1 INTRODUCTION

In the previous discussion of the development of the M2036 5-watt, 10- :e silicon
intrinsic-barrier transistor (in the Sixth Interim Report), we reported on the rmeasure-
menls of several parameters and on the ascillator performance of the first units. At
the time, these numbers were not up to design objectives and scveral improvements
in the structure were suggested which would bring the values to the desired levels.
This report gives the results of carrylng out the improvements and shows the nrogress
made toward more complete characterization,

5.2 CHANGES IN STRUCTURE AND ROUGH RESULTS

The structural changes proposed in the last report were (1) to diminish the area
occupied by the emitter, the base contacts, and the space between, in order to lessen
the base resistance and collector capacitance; (2) to make the base th'nner to in-
crease the alpha cutoff frequen: y (and, incid 11y, the low-freq y alpha); and
(3) to increase the base-layer doping to reduce the base resistance.

Figure 19 shows the approximate present structure. Most of the recommendations
have heen carried cut, Steps (1} and (2) have decreased the collector capacitance by
a factor of three and increased the alpha cut off by = factor of from two to three.
Since (2) also tends to increase the base cesistance, these procedures have competing
effects on this parameter and, in fact, leave 1t relatively unchanged. In attempting
to carry out step (3) we cacountered base-to-emitter shorts (possibly because we
had a p-n junction degenerate on both sides near the surface). Further work can be
done here, but we have backed off at present to concentrate on more pressing
matters,

5.3 ELECTRICAL CHARACTERIZATION

5.3.1 Introduction

Since emphasis during this quarte: has been placed on structural changes
that would improve the pertormance of the transistor, data have not Leen accumu-
lated on a large number of units. Because of this, no statistical analysis of para-
meters is given. The information presented represents typical units and is the result
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Serviees Contract). A minimum voltage
no greater than 1€ voits at the maximum
current is desired. Common-emitter static
collector characteristics of the transis-
tor are shown in Fig. 20, Little difficulty
is encountered in meeting the maximum
voltage requirement, Neglizible collector
current is drawn with zero base current,
out to a breakdown in excess of 100 oits.
The high current performance does not
quite meet the requirement, There is a fall-
asser  mena F g. 20 - Comumon-emitter off of current gain at high current with
2060 a130° static characteristirs low collector voltage, as well as a series
: ! collecter resistance of approxiinately 40
ohms. Difficulty of control over the intrinsic-ltayer thickness is at present partixily
responsible for the series resistance,

COLLECTOR POTENTIAL IN VoL TS

20 EX 368 =3
CRLET™DR CIRRENT & wiomwitaes

5.3.3 Collector Canacitance

Collector capacitance as a function of collector voltage for the revised
structure is shown in Fig. 21. The collectar capacitance has been reduced by a fac-
tor of two from that enccuntered in the previous structure (see Chapter 11 of the
Sixth Interim Report). More careful etching of the collector junction will permit a
reduction of from three to four. As in the previous structure, there is no leveling
off of the capacitance as the space charge is swept into the collector region, as would
be expected with a step junction between the collector and intrinsic layers. Rather,
the presence of the diffused collector results in lower slope in the variation of ca-
pacitance with voltage than would be present witiuut the collector' (n-i junction only).

~3ucaoNs

L~1% WiCRONS

Fig 19 - Revised structure of }M2036 transistor
(vertical scale of cross section exaggcrated)

SF CAPACITANC 1y MIC HOMICROF ARAD'S

of a search for the best method by which to characterize the transistor so as to ob-
tain a correlation between its physical structure and its electrical behavior, ard to
indicate the degree to which it meets its design objectives. This is necessary to
determine defects in the transistor and to bring fabrication processes ur.lder chr?trol
The characterization indicates that the transistos is capable of meeting its ?rlgmal
design objective of delivering 5 watts at 10 megacycles per  cend and that further
improvement could be obtained.

TOTAL COLLECTOR-T0-BA

5.3.2 Static Characteristics —

The design objectives call for a transistor that will operdie with a n_-xaxl-
mum collector voltage of 100 volts and a maximum colleclor current of 400 milli- i% 21 - Collector eapacitance as n fanction of woliage

amperes (see Chapter 21 of the Thirteenth Interim Report, Second Engineering

R £
BASE LoNCTON POTENS AL h v LS
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It should be pointed out that this is the total capacitance between the col-
lector and base. It will be shown later that only about a third of this capacitance
lisnits the amplifier performance of the transistor when used where neutralization
s pov3ible,

5.3.4 Small-Signal Current Gain

Figure 22 shows the small-signal commoan-emitter current gain as a func-
tior of collector current. Collector junction voliage was maintained at 30 .olts cver
the current range, The current galn appears
to remain high, from 20 milliamperes out
| UNIT 2427 to 500 milliamperes, where power dissipation
terminated measurements, More recent
measurements by pulse techniques tend
to Indicate small-signai measurements
niwde in this {+si.ion are apt to be misleading
because there Is a strong dependence of
current gain on temperature. Since the
current gain increases with temperature, 2

3¢ 200 ) =3 E fall-uff of gain with current may be masked
COLLECTOR CURRENT 'n WILLIAMPERES Ly the temperature cffect due 1o grealer

8

COMMON - ENITTER CURRENT GAIN

Fig. 22 - Common emitter current gain ug  FOWer dissipation at high current. It will
a function of collector current therefore be necessary 1o Investigate vari-
ation of current gain with bias current in
such 2 manner that the average power dissipated in the transistor will remain cors-ant,

The variation of small-signal common-emitter current gain with frequency
is given in Fig. 23, If the grounded base fa is calculated by the approximate relation
Iz = { emitter/(1 - o), an {, of 60 megacycles per second is obtained for transistors

YT 238-13

COMMON EMITTER CUBR" HT GAN
COMMON-EMITTER CUSRENT GAIN 4 Dy CIEELS

" s o
OBl B 3 EECEE
SSEUUENCT N WMEGACYCLES PER SECOND

Fig 23 - Common-emitter current gain as a funct.on of [requency

242-4 and 242-17, and an {, of 90 megacycles per second for 238-13, (The base-
layer width is 1.6y for 242-4 and 242-17 and 1.4 for 238-13,) The actua! common-
base f, is probably in excess of these values.

5.3.5 Proposed Equivalent Circuit and Measurements at 10 Megacycles

Since the transistor will operate at or near 10 megacycles, we desire an
accurata characterization at this frequency. Figure 24 shows the pruposed equivalent
circuit, which Is seen to be the usual high-frequency "T" plv= an element, C,, called
the outer capacity, to distinguish it from C,, the inner capacity. C, + C| = Cy, tire
total collector capacity, which is the quantity measured by the usual n.eans. We have
dotted in a series-collector body resistance (r'c) in the equivalent circuit, since the
static characteristics show that one exists and is cf the order of iens of chms, How-
ever, this meastrzment is made at » few volts and, if r'c is due to unswept 7 type
material, as seems reasonable, it should decrease with voltage and, in a properly
constructed transistor, be negligitle at %, operating point. In any case 1t can be
treated as part of the termination, 50 no account of it has been taken in the following.

Without measuring transmission properties, such as transfer impedances,
which is difficult, we can still get three indepenuent parameters by ineasuring the in-
put and output open-circuit impedances {24y and z5,) and the inpuc and output short~
circuit admittances (yy; and yg,). The relationshly z;,yy; = za5y5; allows z check,
These parameters are, neglecting negligible terms:

_r‘b¢r,-¢g—‘l’—[r'b (1 -a)+re) ) 1.

= o + jwCo
—g_:"jr'bwco ' (1 - a) +1,

Co (.,
*T [ (1 - a) s r's + re) jwC

TTe - ayere *19Ce

Ct | e <
C, *tITewte

where ¢ =

Fig 24 - Proposed equivalent circuit (showing commen emitter)
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circuit, ver, until the | encles in the measured values themsclves can

Measurements wece performed on unit 242-17, (This unit was selected at be reduced, there is little point to complicating the equivalent cireuit.

random rro'm the h:z-'t‘ few to meet the 5-\v:’n, 10-megacycle objective, not for any In spite of the fact that - econdary effects such as lead inductance have
reason having to do with {} to theory.) kT, ql, = 0.13 ochms at room temperature been neglected, there is such guod agreement betwees th Leul
(fe = 200 milliamps.) ba:, making allowance for the operating temperature and some values that we 'lnlend to adopt the e 3ivzle . i it e ve'c;;:u ated and measured
small contact and series resistance, we assume re = 0.16 ohms. C, is taken from the M2036 at radig fr uencp quivalent circuit of Tig, 24 as representative of
Fig. 21 at the bias point of 30 volts where it equals 28 micromicrofarads. Wo = eq Y.
391 x 10%sec! and 1 - a,= 0.0426 are taken from Fig. 23. The ratio C;/C; Is
estimated equal to 4, from the ratio of the total collector area to the emitter area.
(The capacity under the space between emitter and base contacts should be connected
to the base contact, since almost all the base resistance occurs under the emitter
and very close to it.) Figure 19 gives this ratio as 3.3 but the value 4.0 was meas- 5.3.6 Mcrperfw
ured on the _uclunl lransistor.‘ Theuunly parameler fitted l? the meguremenls'is r'y, An oscillator has been built 1o sce if the M2036 teansistor would meet the
however, this procedure 1s fairly direct, since the C°"d“cv“mce portion of y;y s objective of delivering 5 watts at 10 megacycles per second. The oscillator shown |
closely identical to 1/r'n. All these aumbers, together with r'y = 35.5 chms, yield: Fig. 25 has been treated as 4 common-ecmitter circuit with a Pi feedback network, "
211 = 10.7 + §3.6 ohms (C3L,3C ), between collector and base. The collector is grounded o a heat sink.

11 = 10. j3. Pewer output was determined by measuring the voltage across the load resistor Ry
¥13 = 0.028 + j0.0020 ohms -1 by means of an oscilloscope. The values of components in the feedback network were
2 = 0.292 + §0.127 estimated so that feedt_mck would be of proper phase and magnitude, using the meas-

1Yy = O. jo. ured real parts of the input and output impedances and an assumed 90° phace shift
= 86 - j35 ochms grom base to collector. The calculated values did not give the best oscillator per-
_ N a1 ormance. This might be expected, since the calculations were based on crude as-
22 = 0.0024 + j0.0025 ohms Sumptions and on small-signal linear medsurements, while the oscillator operates

222¥22 = 0.294 + j0.131 over the ¢ntire nonlinear range. However, the values were within a factor of two

of the optimum and gave oscillation within 25 per cent of 10 megacycles per second.
Measurements of these four parameters were made on a Boonton R-X meter, Bv adjusting the cciaponents in cperation for maximum output, over 5 watts at 10
using appropriate transmission-line transformers. The measured values are: megacycles per second was obtained.

The unilateral power gain calculated from the measured parameters for
unit 242-17 gives 95 or 19.8 dh 2t 10 megacyeles por Sceond, compared to about
8 or 7.8 db given for transisters reported on in the pievious quarter,

Z22

B . i Oscillation has been detected at 102 megacycles when the feedback network
Z1; = 10 + j1.5 ohms was reduced to a minimum, i.e., wiring ¢ e and lead inds .

¥11 = 0.028 + j0.002 chms-!
] 5§.3.7 Pulse Measurements of Parameters
Zyyn = 0.28 + j0.062 B f th
' ecause of the temperature dependence of current gain, it has been found
z22 = 65 - j25 ohms difficult to determine meaningful a - I, and static curves of the ’transistor at several

¥22 = 0.003¢ + j0.0028 ohms-!
2z2¥22 = 0.29 + j0.10

The difference between the products of the measured values (zy3yy, and

222¥7;) shows that there are inconsistenctes in the measured values comparable to ) . ‘
the differences between the measured and calculated values. The fit is remarkably ~

good, especially 1n view of the a priori nature of four of the five components of the

equivalent circuit. Error in meacuremants resulte from the 2ifficulty in providing | <
bias to the transistor and at the same time providing an a-c open cireuit (zy; and !
722). For the ¢ lunttance measurements {yy; and Y22) it is necessary to provide an
a-c short circuit which is small compared to the input and output impedances. For
example, in the y,; measurement the base must be shorted by an impedance small 3
compared to 10 « j1.5 ohms. This could not be done without great difficulty, since . (b* sworip oscrsaton cmeut
the transistor header and swcket lead inductance has a reactance of about 1 ohm. In (2) oscusaton cacur 186 COMRCNENTS OnLY}
order to obtain closer agreement between the equivaient circit and the measure- - N . n

ments it may become necessary to include the lead inductance In the equivalent Fig. 25 - Schematic diagram of oscillator cfrcuit

- B 3ing

“Loap
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blas points. Changing the bias point changes the power dissipated within the transis- TASK 5 - TRANSISTOR TEST METHODS

tor, which results in a change of temperature and current galr. This effect was

mentloned in Section 3.3.2 In conrection with the current galn versus collector-current

plot. To provide a check on the measurements already taken, and to extend them to

high currents, pulse techniques will be used, Preliminary measurements have been

made which indicate that this method of attack will be effec(ive. Chapter €

5.4 SUMMARY AND FUTURE PLANS REVIEW OF TASK 5 ACTIVITIES
Changes in design of the M2036 have beern: carried out and considerable improve- By H. G. Follingstad and O. Kummer
ment has been noted in the electrical characteristics. Reduction of the area of the
emitter, the space between the emitter and hase contacts, and the thickness of the
base reglon have resulted in lowered collzctor capacitance, Increaced frequency cut-
off of alpha, and increased low-frequency current gain. These changes have aiso in- 6.1 INTRODUCTION
ereased the unilateral power gain by hetter than.a factor of to. Development of the 5-mc to 250-mc Phase Set continued in this period. The set
An equivalent circuit has beer adopted for the transistor. It is the usual high- will completely and accurately define transistors in this frequency range, with mag-
frequency “T" with an added cuter capacitance hetween base and colleclor. The nitude and phase of four insertion parameters, The latter are fully discuesed in
validity of the equivalent circuit was checked by a close agreement between four pol Chapter 8 of the Second Interim Report. Design objectives and a functional descrip-
parameters calculated by means of the cquivalent circuit with the measured values tion of the 5-me to 250-mc Pnase Set were presented in Chapter 11 of the Fourth
and Chapter 12 of the Sixih Interim Report. This chapter outlines the present status

of the same parameters.
i development of the set in terms of the block functions of Fig. 26.

Oscillator performance now indicates the transistor is capable of meeting the
design objective of delive ng O watts at 10 meracycles per second. Measurement

tat aract tics by pul: i d
;:r:'"siz‘exz characteristics by pulse techniques has been foun necessary and has been 6.2 MEASURING-PATH SWITCHES
During the next in.erval, pulse techniques will be applied in order to measure Megst{remems on the transfer switch descrfbed in Chapter 14 of the Sixth Interim
transistor parameters at constant temperature. An attempt to reduce the labor in The switch has b desi d'e," standard and vnknown path to bev 37 db at 100 me.
characterization wili be carried out. Fabrication processes will be looked Into with v “”l; ’d : ";" ’Enes‘g"e a prototype model indicate crosstalk be-
an eye toward decreasing the collector-body series resistance. ween standard and unknown to be lower than 70 db.

— —
A= —

Fig. 26 - Block diagram of the §-mc to 250-mc phase set

39

roved for Release @ 50-Yr 2013/10/25 : CIA-RDP81-01043R002300090003-0




6.3 AMPLIFIER MODULATOR NOISE TESTS

Over-all measurements on the noise level in the set indicate a signal-to-noise
ratio of 20 db when the signal Is at the lowest opesiling level of -80 dom. Tests on
the amplitude indicator show that an error of about 4,1 db is produced by noise when
the signal is 20 db above noise. This should correspond to an error no greater than
0.6 degree in the phase Indication.

6.4 SYNCHRONIZATION

In the process of testing the S-mc to 50-me SeTvo and electronic loops, the
system performance was impruved by the following means:

(1} Reduction in mechanical friction at the slave-oscillator control shaft,

(2) Increased slave-uscillator oatput in the presence of transisior network
loading.

(8) A monitoring circuit to accurately measure deviation of i-f frequency from
synchronism and to tune the discriminator,
(4) Greater signal-to-noise ratio in the loop.
Important advantages in - sliability of operation are expected by the use of an
improved scanning tecknique which features indepenence of scanning speed from

servo loop gain, elimination of false synchronizing frequencies, and elimination of
discriminator offset tuning formerly required for SCanning purposes.

3R002300090003-0

SECTION 5 - CONCLUSIONS

TASK 2 - TRANSISTOR RELIABILITY

While a4 continuation of the direct determination o aging behavior continues to be
essential it is also of the greatest importance to get a better understanding of the
physics of the processes. From the failure of the attempt to correlate noise with
aging, it is concluded, not that there is no correlation, but rather that the noise cur-
rents and aging rates depend on a complex of faclors which need to be better under-
stood before ary such correlation will be evident. Work in progress toward such
objectives is mentioned in Section 6.

TASK 4 - NEW AND IMPROVED T RANSMISSION-TYPE TRANSISTORS

Temperature studies of the M2039 diffused-base p-n-p germanjum oscillator de-
sign have shown that 200-mc oscillator output power is decreased about a fourth by
increase of the operating temperature from 26°C to 100°C. Direct-current, low-
{requency, and high-frequency parameters were shown to vary in approximately the
way expected {rom theory. Measurements of initial models of the M2055 and M2058
low-level germanium diffused-b: amplifier transi indicate that these designs
will be satisfactory. This diffused-base germanium work under Industrial Prepared-
ness Contract DA 36-039 sc-72729 will continue.

The high-power performance capability of the M2026 diffused-base 5-watt 10-mc
p-n-i-p silicon transistor has been demonstrated. Initial characterization studies
indicate a satisfactory equivalent circuit can be developed. The improvements in
performance to give better than 5 watts r-f output at 10 mc are attributed almost
entirely to the modifications in design instituted during the contract interval.

TASK 5 - TRANSISTOR TEST METHODS

The present status of the 5-mc to 250-mc Transistor Phase Set has been outlined;
development and prove-in of the brassboard model will continue.
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SECTION 6 - PROGRAM FOR NEXT INTERVAL

TASK 2 - TRANSISTOR RELIABILITY

The direct determination of aging rates continues, since it {s nezded to predict
retiability in systems, particularly jor the newer transistors, Among the tests is one
to separate temperature d D and voltage d di of aging rates. Statis-
tical procedures fur the improvement of efficiency of data are being doveloped,

Attempts to correlate junction characteristics with surface properties, such ag
surface potential and recombination velocity, are being made.

TASK 4 - NEW AND MPROVED TRANSMISSION-TYPE TRANSISTORS

Industrial Preparedness Study Contract work on diffused-Lase germanium tran-
Wwill be concentrated an the M2039 oscillator transistor mechanical structure
the 055 and M2058 low-level ampliiier designs. Characterization of the
latter devices will be emphasized, with particular concentration on the high-frequency
performance. Noise and linearity studies will also be reported.

#2036 diffused-base 5-watt 10-mc silicon transistor work under Task 4 will
include use of pulse techniques in order to measure tr:
temperature. Efforts will be made to simplify characterization
fications of fabrication precezzes in order to decrease collector body series resist-
ance will be undertaken,

TASK 5 - TRANSISTOR TEST METHODS

Testing of the Phase and Magnitude Indicator as a unit will be conpleted. The
synchronizution function will be proved in using an improved flexible scanning tech-
nique, Design of range switching and standard-unknown path switching panels will
be completed.

Construction of the prototype will be started by Stavid Corporauon, according to
information otrained from the brassboard model,

> 5 : - 0090003-0
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SECTION 7 - IDENTIFICATION OF PERSONNEL

Preceding Teports under this contract have identified the engineers and scien-
tisis whose work has, contributed materially to the progress of the studies and
investigations conducted during the periods covered by the reports. During the cur-
Tent pericd, additional personnel were asaigned to v ork on portiuns of tius contract,
Brief biographies of these individuals are provided below,

WALTER L. BROWN

Walter L. Brown received his B.S. from Duke University in 1945, his M.A, in
1847, and his Ph D, in Physics in 1953 from Harvard University. He joined the Lab-
rincipal interest at the Laboratories has been in the study
effects of radiation,
ections in the structure of
ts directed toward understanding the
significant mechanisms iz the simplest type of radiation damage, namely that
introducec by bombarding particles whose energics are close to the threshold for
the damage Process.

CARL HARRY KNOWLES

Carl Harry Knowles was born in Birmingham, Alabama, in 1928, He was in the
United States Marine Corps from 1946 to 1948. He received a B.S. in Physics from
Alabama Polytechnic Institute (Auburn) in 1951, and an M.S. in Physics from
Vanderbilt Un'versity in 1953,

Mr. Knowles has been employed at Bell Telephone Laboratories since leaving
Vanderbilt, and he completed the BTL Communications Development Training Pro-
gram in 1956, During his employment at the Laboratories, Mr, Knowles has neen
employed in semiconductor device development.

JERRY SEVICK

Jerry Sevick received his B.S. in Education from Wayne University in 1940,
From 1942 to 1945 p» was in the U. s, Army Air Force. During his service he
completed pilot training in Texas and radar tratming at Harvard and M.LT. Atthe
time of discharge, he was a project director for radar devices at Wright Field, In
1940 he went back to Wayne University and obtained an M.S. in Physlce. After three
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years of teaching at Wayne University, he returned to Harvard Un rsity for grad-
uate training. Mr. Sevick recerved his Ph.D, in Applied Physics in 1952 for a study
in the application of the variational technique to problems in electromagnetic scat-
tering by coupled objects.

After three more years of teaching at Wayne Untversity and consultant work in
Detroit industry, Mr. Sevirk joined the Bell Telephone Laboratories. At the present
time he 1s a member of the Device Development Department, assigned to the Tran-
sistor Development Group.

f)uring the period coverad by this report, 16 June through 15 September 1956,
approximately 5,000 man hours were devoted by key perscanel to work on this project.
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