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ABSTRACT

An epitaxial GaAs system has been designed for the growth of
low-high-low GaAs for use in Read-type IMPATT diodes. This epitaxial
system includes a computer control system for the operation and

monitoring of the epitaxial growth process.

vi
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L. INTRODUCTION

The purpose of this program is the establishment and verification of
techniques to reduce the labor and increase control of processes used in the
preparation of epitaxial GaAs and subsequent fabrication of Read-type,
Low-High-Low (LHL) GaAs IMPATT diodes. The reduced labor and increased
control will be demonstrated by improved manufacturing yields at reduced
manufacturing cost. The mechanism by which these improvements are to be
obtained is the automation of the epitaxial crystal growth process with
appropriate feedback mechanisms which will regulate process variables
in accordance with actual conditions. The system is required to control and
respond rapidly to variation in wafer temperature, exposure time of the wafer
to this temperature, the flow rate of the dopant and epitaxial gases, the
chemical composition of these gases and the interrelationship of all these
factors. In addition, the epitaxial crystal evaluation (routine) will be

eliminated and crystal evaluation (non-routine) will be reduced.

The engineering effort will be restricted to the epitaxial crystal
growth and epitaxial crystal evaluation required to produce high-efficiency
Read-type IMPATT diodes plus sample diodes to demonstrate the progress.
The success of these control programs will be demonstrated by a pilot line
production demonstration of the required X-band diode as defined in SCS-481,
dated 23 December 1974.

/
The epitaxial crystal evaluation will productionize the measurement

methods specified for dislocation density of the substrates and buffer
layers, doping and uniformity of the substrates and buffer layers, doping

profile of the epitaxial LHL crystal, and the thickness of the buffer layer.

A suitable X-band test cavity shall be designed, fabricated, and

used to test the performance of the diode. The cavity shall incorporate
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proper bias circuitry, shall provide easy access to the diode and fast
interchangeability of diodes for quick testing. Parts and materials shall
be in accordance with MIL-P-11268. Forced air or water cooling shall not
be used. The output terminal shall be a standard waveguide terminal
mating with flange UG-39/U. The cavity used to test engineering samples

shall be identical to that supplied with the samples.

The required wafer yield is fifty percent (50%) of the wafers grown
shall have eighty percent (80%) (minimum area 3.0 cmz/wafer) of usable
material. The term usable defines material which meets specifications
for dislocation density, doping profile, and is capable of producing
diodes meeting specification SCS-481, The required diode vield is
forty percent (40%) of diodes produced and selected at random from any
usable wafer and tested shall meet the cited specification for output power,

operating frequency, and power efficiency.

In addition, for the X-band diode, performance curves shall be
supplied showing typical min-max excursions for capacitance, breakdown
voltage, thermal resistance, output power, power efficiency, and operating
frequency. Diode design and process flow charts covering all process

steps for the product shall be detailed.




I SUMMARY OF APPROACH

The Microwave Associates' approach utilizes a maximum of
existing technology. This technology results from an existing GaAs IMPATT

diode production line and a complete epitaxial GaAs materials laboratory.
The epitaxial system will consist of:
1) Furnace and temperature controllers.

2) Epitaxial GaAs reactor including reactor tube,

Ga source boat, and substrate holder.

3) Gas and vapor control system including flow controllers,

doping system, and AsCl, bubblers,

3

4) Computer control system.

Of these subsystems, the furnace and temperature controllers, the
reactor tube, Ga source boat, and substrate holder will be identical to
those currently in use at Microwave Associates and which have been
successfully utilized to provide LHL epitaxial GaAs. No development
is required in these areas with the exception of the substrate holder drive

system.

The gas and vapor control system is derived using an evolutionary
approach from existing Microwave Associates epitaxial LHL GaAs systems.
This proposed gas and vapor control system corrects deficiencies in the
existing systems and improves the control of the gas and vapor flows. The
basic concepts utilized in this system have all been demonstrated in the
existing Microwave Associates crystal growth facility. The deficiencies
in the existing systems manifest themselves as low yields of the requisite
material and not as failure to produce the requisite material. These

deficiencies have been analyzed and appropriate design and control changes
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have been made in the proposed system to correct these deficiencies and
raise the yield to a projected 73% while meeting the uniformity and

minimum area requirements,

The major improvements in the gas and vapor control system are
the use of dynamic mass flow controllers for gas flow regulation.

The result will be a system which is characterized by:
1) Constant reaction times in the source and deposition zones.
2) Dynamic doping gas dilution to control impurity doping.
3) Automatic control of all gases and vapors.
4) Capability of computer control.

When these characteristics are combined with already determined
reactor operating conditions to insure Ga source saturation and scumming,
and to insure and monitor in-situ substrate etching, the proposed epitaxial
system fulfills all of the requirements imposed by the contract for the

chemical synthesis and deposition system.

The entire epitaxial system is interfaced with a computer control
system which calculates and programs the epitaxial deposition, performs
all required control settings, monitors performance of all components and
subsystems, times all operations, and records and prints all relevant
data of the epitaxial system. The subsystems contain automatic dynamic
control components and as a result, the system is manually operable
in the event of computer or computer interface failure and for system

trouble shooting in the event of component failure.

The minicomputer, computer interfaces, and computer control
components are being purchased from the same manufacturer. This

approach insures interface compatability between the components of the




computer control system thereby eliminating engineering problems and/or
development programs required to interface dissimilar components which
can be expected if such an approach is not adopted. The proposed program
does not, therefore, depend on the success and timeliness of such

engineering programs to meet the required objectives.

The complete epitaxial system will meet all of the requirements of the
contract. This system will demonstrate that the control and reproducibility
of the proposed system when operated using existing processes and
guarantee high yields (>70%) of the requisite material and eliminates the

necessity for routine and non-routine epitaxial crystal evaluation.

The device fabrication and testing will be performed in an existing
GaAs IMPATT diode production area. All processes required for these
devices have been developed and demonstrated at Microwave Associates

and no engineering development is required.




III. SYSTEM DESIGN

A. Transport System

In order to insure the predictability and reproducibility of the
chemical reactions, it is necessary to control and reproduce the concentra-
tions of the reagents, the temperature at which the reactions take place,
and the time interval allowed for reaction to occur. Implicit in the control
and reproducibility of the reagent concentrations are the conditions of the
Ga source itself, the condition of the substrate surface prior to epitaxial
deposition, and the removal of unwanted impurities in the reagents

themselves.

The only reagents which are handled outside the reactor are the

hydrogen gas, the AsCl, and the doping gas. This system is further

3
subdivided by the inlet in which the reagents enter, i.e., the transport

system composed of AsCl, from the transport bubbler, the carrier gas,

3
hydrogen, and a diluent hydrogen flow; and the doping/etch system composed
of ASC13 from the etch bubbler, the carrier gas, hydrogen, the doping gas,

hydrogen sulfide, and a diluent hydrogen flow. Since AsCl, is a liquid at

3
room temperature, it is conventionally introduced by bubbling a carrier gas
(hydrogen) through a liquid reservoir. The problem of control of external
reagents is now reduced to the control of gases and the control of vapori-

zation of a liquid.

The control of gas flow is accomplished by the use of mass
flow controllers. These controllers are commercially available in a compact
assembly which contains the sensors, control valve, and control electronics.
An external set point is used to set the required flow and the self contained
controller senses and regulates the gas flow. A DC output which is linear
with flow rate is provided which may be interfaced with the operator by a

digital voltmeter and a computer control system by an AD converter.




The control of the vaporization of a liquid is not as straight-
forward. Normally, the amount of vaporized liguid is controlled by controlling
the flow of the carrier gas through a bubbler, maintained at a constant temper-
ature, which contains the volatile liquid. The validity of this type of system

rests on two assumptions. These assumptions are:

1) The efficiency of the bubbler is independent of the

liquid level and the carrier flow rate.

2) The vapor pressure of the liquid is dependent only
on the exterral temperature and independent of the

liquid level and carrier gas flow rate.

What is being attempted in this reactor system is the actual
control of the mass of I\SC‘l3 which enters the reactor. Conceptually, this
system will operate in the same fashion as a conventional bubbler system if
a temperature controlled condenser were applied to the bubbler outlet. This
condenser, actually a simple distillation column would insure a constant
macs of As(‘l_J entering the reactor by condensing a portion of the AsCl3
vapor and returning it as a liquid to the bubbler while the remainder was

carried into the reactor.

The system which is being installed will use modified mass
flow controllers to accomplish this same purpose. These modified mass
flow controllers will, however, have input and output signals like regular
mass flow controllers and as such are capable of computer control. A

schematic diagram of this subsystem is shown in Figure 1.

B. AsCl, Etch and Doping System

3

1. AsCl3 Etch System

The portion of the system which is used for the in-situ
etching is composed of the second AsCl3 bubbler and a diluent hydrogen flow.

This subsystem is constructed in the same fashion as the transport subsystem.

7
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Als Doping System

There are two (2) methods which are commonly used to
control carrier densities of the levels required for the drift region doping
density of an X-band LHL structure. These methods are impurity doping and

gas composition control. This system will use intentional impurity doping.

Impurity doping has been selected for the doping system
for the following reasons: (1) in order to improve the reproducibility and
control of the Ga source reaction by maintaining a constant concentration
of reacting species in the transport reaction, (2) to allow the carrier gas
flow of the transport vaporizer controller to be used as an indicator of
normal bubbler performance, and (3) the desire to maintain the transport
reaction products at constant concentrations in the epitaxial deposition

zone.

An additional reason for the use of impurity doping arises
from the nature of the species being controlled by gas composition doping
control. This species is a residual contaminant in the epitaxial system.
Improvements in the overall quality of the epitaxial system from purity
consideraticns will thus have an effect on the doping levels which are

obtainable.

In order to use doping gases to control the carrier density,
dilute concentrations of the doping gas in a carrier gas are required. At the
required levels for 1015 donors/cm3 levels, gas concentrations well below
1 ppm are required. Dilute gas concentrations of doping gases such as
HZS’ HZSe, SiH4 are unstable in cylinders at these concentrations due to
reactions with the cylinder walls, decomposition, and reaction with trace
contaminants during blending. More concentrated gases must be used

and the gas dynamically diluted before use.




The dilution system which will be used is composed of
three (3) mass flow controllers. This system is shown schematically in
Figure 2. In use, the mass flow controller which is utilized for the control
of doping gas flow and the mass flowmeter which controls the flow rate
into the reactor utilize the same set point, i.e., the flows through these
flow controllers are always equal. The other mass flow controller which
is utilized thus controls and measures the amount of hydrogen which is
used for dilution. This type of doping dilution system has been success-

fully utilized at Microwave Associates for epitaxial LHL crystals.

In order to increase the versatility of this basic system,
a bypass for the dilution system has been included. This bypass allows the
doping gas to be used and controlled directly which facilitates the growth

of the more heavily doped buffer layers and doping peak.
The reagent handling system thus ensures that:

1) A regulated AsC!l, concentration enters the

3
Ga source reaction zone.

2) A regulated AsCl3 concentration enters the

etch inlet for in-situ etching.

3) A regulated doping gas concentration with a
constant flow enters the etch/dopant inlet

to control carrier density.

3. Computer Control System

From the outline of system operation, it can be seen that

the functions of the computer control system are:

1) Programming,
2) Switching - motor control system, valves,

control loops, and indicators,

10
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3) Set point control - mass flow controllers,
vaporizer controllers, and temperature controllers,

4) Timing - epitaxial run and cleaning,

5)  Monitoring and comparing - flow and vaporizer
controllers, thermocouples and control loops,

6) Record keeping - data storage and printing.

The computer control system is composed of interface
units to couple the sensors and control elements of the system to the
computer, the control processing computer, the computer memory, the
interface unit to couple control elements and sensors to the computer, and
the printer to provide permanent records for the operator. At this point, it is
instructive to examine the interface units which are required. The sensors

and control elements have the following input/output characteristics:
1) Mass Flow Controllers

Input Signal: 0-5V DC (3 units)
Output Signal: 0-5V DC (5 units)

2) Bubbler Controllers

Input Signal: 0-5V DC (2 units)
Output Signal: 0-5V DC

3) Temperature Controller
Input Signal: 0-10.0 volts (3 units)
4) Thermocouples

Output Signal: 6.000 - 9.000 mV (20 units)

5) Relays

Input Signal; 5.0V DC (8 units)




"r

In general, a computer equipped with sufficient multiplexed
analog to digital (A to D) converter input channels and digital to analog (D to A)
channels could function as the required controller. Fixed gain amplifier
or attenuator stages would convert to 0 to 5 V DC signals from mass flow and
bubbler controllers to a computer compatable level. Switching functions and
resistance programming for temperature controllers could be derived from a
relay or opto-isolator matrix driven from the computer's D to A output channels.
Timing sequences could be generated by performing a number of instruction

loops of known cycle time.

Figure 3 shows the system configuration in final form.
Table I lists the various items with brief descriptions. All items are
manufactured by Hewlett Packard and as such form a reliable factory
integrated system. A dual location configuration was chosen, with the
computer located at some distance from the reactor room. An HP 9611R
Remote Industrial Measurement and Control Station was chosen as the
remote terminal and will be located together with a 2640B CRT terminal
at the reactor site. This configuration allows use of a second terminal at
the CPU location, to be used for program development without interfering

with reactor room activity.

The system consists of an HP 2112A computer with 32 K
memory, a 14.7 mbyte disc with one fixed and one removable section,
220 kbyte mini data cartridge system with two removable cartridges, a
200 lines per minute line printer, HP RTE II real time operating system with
foreground and background capability, two CRT terminals, and the 9611R

remote measurement and control station.

The 9611R will contain all of the analog to digital
(A to D) and digital to analog (D to A) converters necessary for communicating

with the reactor. Both high level and low level A to D inputs are provided

13
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in order to accomodate the 0 to 5 volt output signals from the mass flow and
bubbler controllers, and the 10 millivolt signals from the thermocouples.
Output signals for control of the mass flow controller and vaporizer
controller set points as well as the furnace temperature controller set points
are provided by 8 D to A output channels. Twelve solid state relays provide

switch closures for operation of the slice insertion motor and solenoid valves.
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Iv. EXPERIMENTAL RESULTS

Most of the quarter was spent in designing the experimental system,
obtaining delivery of equipment and beginning reactor construction.
Experimental results are, therefore, minimal but some data have been

obtained.

The variation of the infrared reflectance minimum with the doping
density has been determined for Si-doped bulk GaAs crystals. The reflectance
minimum was determined using a reflectance spectrum obtained with a
Beckmann IR-20 spectrophotometer. The portion of the slice used for the
reflectance pattern was used to prepare a van der Pauw Hall effect sample

which was used to measure the corresponding donor density.

The log of the square of the reflectance minimum in wavenumbers
(vm) was plotted versus the log of the carrier concentration in the fashion
of Black, Lanning, and Perkowitz [1] . A least square fit was performed
yielding the relationship log N = 0.81 log (um)2 + 14.04 with a
correlation coefficient of 0.985. These data are adequate for the measurement
of carrier density and carrier density uniformity but additional data will be
added during the program from each new substrate lot which is received.

These data are shown in Figure 4.

An evaporator for aluminum is in operation for the preparation of the
evaluation Schottky barrier diodes to measure the epitaxial layer carrier
density profile uniformity. The mask design which has been selected is a
square array of 20 mil diameter Schottky diodes with the square dimension of
1 inch. The array contains 25 Schottky diodes on 0.250 inch centers. This
type of array will provide more useful uniformity data than the cross
arrangement and will accommodate various sizes and shapes of the epitaxial

layer structure.
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The doping system of the existing reactor failed due to component
failure. It was therefore necessary to immediately build a new doping system
which utilized some but not all of the components for the new doping system.
This system utilizes only 3 mass flow controllers instead of the 4 shown

in Figure 2.

Typical results for low-high-low epitaxial GaAs are shown in
Figures 5, 6, 7, and 8 for material using this interim system. Since these
data are not extensive, no interpretation will be attempted at this time.

These structures were prepared without buffer layers.

The primary purpose of these runs was the evaluation of the doping
system for the peak growth. As a result, only minor attention was paid to
the drift carmrier region except to insure that it was dopad to the approximate
level required for an LHL epitaxial crystal. As a result of this lack of attention
and the absence of a buffer layer, the interface region is not adequate and for

these runs indicates a small inversion layer.

The peak heights were targeted for 2 X 17 donors/cm3 with a
target location of 0.35 pm from the surface. The results of these runs are
tabulated in Table II. These results are not definitive but are definitely
encouraging. The performance of this doping system is superior to the 3 mass
flow controller system previously in use especially with respect to peak

location.
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Peak Height

Peak Location

Crystal (donors/cm3) (um from surface)

4729 2.4 x 10%7 0.36

4730 1.9 x 10%7 0.39

4731 3.3 X 1017 .39

4732 2O 1017 0.39
TABLE II

PEAK HEIGHTS AND PEAK LOCATION FOR LHL CRYSTALS
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Wi PROGRAM FOR THE NEXT QUARTER

The system which is presently in existence will be used to provide
the material required for the first engineering sample. This system will
continue to be operated for additional experimental data until the remainder
of the components have been received. The system will then be shut down

and rebuilt into its final configuration.

The computer control system is expected to be shipped in its entirety
by the end of May. Work will begin during this quarter on getting the
computer system interfaced with the reactor although this work will not be

completed until the third quarter of this program.
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Dr. Robert E. Walline GaAs Department Manager 156
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ELLOPRONTCH COMYARD SCS-h81
TECETLCAL: REQUIREMEILS 23 December 1974
HIGH FFFICTENCY, HTIGH-YOWFR GALLIUM
ARSENIDE RPAL-TYPE IMPATT DIODES
1. SCOPE i
i
1.1 Score, - This epecification covers the detailed requircments for
high efficicney, high pover Gelliuw Arcenide Reed-Type IMFPATT Dicdes.
2, APPLICABLE DCCUENTS
2.1 The folloving documents, of the issue in effeet on the dete of
invitation for bLids or request for propocal, form & part of the spccification
to the extent spceified herein.,
SPECTIFICATICNS
MILITARY
MIL~5-19500 Semiconductor Pevices, General Specification for.
STAIDARDS
MILTTARY
MIL-S1TD-T750 Test Methods for Semiconductor Devices
MIL-STD-1311 Test Methods for Electron Tubes
(Copice of cpecificution, stendards, dravings and publications required by
suppliers in conncction with specific procurement functions should be obtained
from the procuring activity or as directed by the Contracting Officer).
i
3. REQUIRIMENTS |
3.1 Detnil rconircrments. - The individual item requirements shall be
in accordence with MiL-5-19500, and as specified herein. In the event of
any ccaflict, the requirements of this specification shall govern. ,
'
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3.2 Abbrevietions and symbols, - The abbrevialions and cymbols uscd
herein are delined in MlL-0-195C0 and as followsg:

Qext = external quality factor of diode oscillator

3.3 Deeipn end conctruction and physical dimensions. - The diodes shall
be mnude by epitaxiul growth of Read-type proriles. ‘“The diode shall consist
of & single mese, single chip mounted in a ceramic~to-metal microwave packare.
The package shall be golé plated und hermetically sealed. The package shall
provide means for readily heat sinking the diode. A schematic of a suitable
package is shoun in I'igure 1.

3.3.) Operatin~ vositjon. - The diode shall be capable of proper
opceration in any position.

3.4 Perforuncnce cherncteristics. - The diode performance characteristics,
while operating ec oscillators, chall be es specificd in Tebles I and II'and
ac listed below. The performance characleristics chall apply over the specified
ambicent operating temperature range unless otherwise specifiled.

VRO DI VT S R L e—

3.k.1 Process conditioninm. - A1l units shall be proceess conditioncd
before they are subjected to the tests end examinations defined in Tables I
end IT (sce 4.5.4).

2.5 Serial number., - The manufacturer shezll assign a serial number to
each device furniched to this specification. This ceriel number chall be
sequential and non-repeating.

3.6 Tnterchanoeability., - All parts having the same manufacturer's part
number shall be directly and completcly intcrchengecable with each other
with reepect to installation and performance within the requirements of this
specification.

3.7 Storare life (non-overating). - I'cllowing storage at an ambient
temperaturc of ~00°C + 3°C lor 1000 hours minimum, all diodes shall mcet the
rcquircments of oscillator frequency, occillator output power and oscillator
efficiency as defined in Teble IIT (see 4.6.5).

3.8 Operating life. = All diodes which have operated for 1000 hours
minimum per the requirements of Table I1I shall have a power output of no
less than 75 percent of the initial power output (sce %.6.6).

-weqy
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3.9 Mechanizal tunine, - The RF output power shall not decrcase below
specified value in Table 111, The frequency and power shall very smoolhly’
with no stevs or Jumns (sce k.6.3).

3.10 Externnl Q. - The external quality factor, Q.yt, of the diode
oscillator shall not be more than 200 (see h.G. L),

L, QUALITY ACSURANCE PROVISIONS

4,1 Recooncibidity for incvestion., - The contractor is responcible for
the D“lﬂ\;:mnﬁv ol all inspeciions r?ﬂcifﬁod herein. The contractor wmay
utilize his oun facilities or &ny commercial laboratory acccpteble to the
Government. Inspection recordc of the exeminations and tests shall be kept
complete and evailable to the Government as specified in the contrzct. The
Government rescrves the right to perform eny of the inspections set forth
in the gpecification where such inepections are deemed necessary to assure
that supplies and cervices conform to prescribed requirements.

L,2 Classificaticn of insrection. - Inspection shall be classified es
follows:

) First article inspection (does not include preparation for
(sce b ).

(a
delivery)

(b) Quality conformance inspcction (see 4.5).

4.3 Test plan, = The contractor prepared Government-approved test plan
shall contain:

(a) Time schedule and sequence of examinations and tests.
(b) A description of the method of test and procedures.

(c) Programs of eny automatic tests including flow charts and block
1 diagrams,

(d) Jdentification and brief description of cach inspection instru-
ment end date of most recent calibration.

i h.h First article incpection. - First article testing chall consist of

' the tests cpecified in Tables I and TT. For the teste of Tetle I and the
end point mencurcaents of Table TI, the diodes shall be operating as oscillators
in the test cavity. The nuwber of units to be subjected to cach test sholl
be as stoted in the contract., No fallures will be permitted.
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b5 Quality conformance incpection., - This inspeetion shall be performed
I on camples selected from the pilot preduction as specificed in the contract
I and shall consist of Group A and B inspections.

L.5.1 Group A fnspection, = Group A inspection chall consist of the
cxaminations and tests specified in Table I. The diodes shiall be operating
i as oscillators in the test cavity.

h.5.2 Grouv B {ncveetion, - Croup B inspection shall consist of the
examinations «nd tests cpecificd in Table II.

k.5:3 Croan C inspection, - Group C inspections are not applicable to
| this specification.

L.5.% Preenrce conditionine, - ALl diodes will be stored, non-operating
2l W=t ! 2
under vLhe following conditlions:

(a) Junction temperature: 225°C max
200°C min

(v) Storage time: 168 hrs. nin

§.5.5 Test cavity, - Two suitable microwave test cavities, one for each
frequency band, chall be used to Lest the performance of the dicdes.

4.6 Methods of exenination end test, - Methods of cxamination and test
shall be as cpecified in Taovles I and II and as follows:

L.6.1 £ noise. - An AM noise measurement system as shown echematically
i in Figure 2 chall be used to determine the Al noise to signal) ratio. The AM
: noise spectrum chall be mecasured continuously from 10 KiHz to 100 Kz from the
3 carrier as & minimum and recorded by an x-y recorder. Woise measurcments
shall. be performed while dicde oscillator is meeting the operating require-
ments in Table III.

: 5.6.2 I nolse. - An FM noise measuremcnt system as shown schematicrlly
! in Figurc 2 :hall be used to determine FM noise deviation. The I noise
gpeetrum shall -be measured continuously from 10 KHz to 100 Kz from the carrier
ags a minimum end recorded by an x-y recorder. Noise wmeasurement shall be
performed while the dicde osclllator is meeting the operating requircments

in Table 1I1I.

~a e

h.6.3 lechanicol toning, - The oseillator unit will be mechanically
tuncd over the required frequency ranpe of 4+ 250 Mllz. from operating frequency.
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k.64 Yxternnl Q. - The external quality factor, Q. .., of the diode
ogcillator ¢hall be d«tnrmtnvd by standard injection ]o<rxnp techniques, A
cmall locking signal shall be injecled into the diode oscillator for meacurc-

ment of locking bandwidth as a function of injected power.

h.6.5 Storece life (non-overatine), - The dicdes shall be stored at an
ambient temperature of ZCOYC + 3°C for 1000 hours minimum, These diodes shall
be selected randomly from diodes vhich have undergone process corditioning
and have successfully passed all Group A inspections. Upon completion of
storage, the diodes shall be subjected to the following tests deseribed in
Table I: Ogecillator frequency, oscillator output power and efficiency.

h.6.6 Operating life, = The diodes shall be tested under opcreting
conditions in accovduncce with Table IIT for 1000 hours minimua. Power output
shall b2 monitored continuously. The diodes subjected to the operating life
test shall be selected randomly from diodes which have undergone process con-
ditioning and have cuccessfully pasced all Group A inspcctions. The number
of failures as a function of time shall be recorded. The test shall be
conducted in an ambient temperature of 25 * 3°C and the cavity temperature
shall not exceed T5°C during this test.

L.6.7 Efficiency (RF-DC), - The RF to DC power efficiency of diodes
operating as oscillators shall be determined by measuring the DC input power
and using standard mecthematical formulations.

Power Efficiency (RF-DC) = Power output (RF) X 100
Pcwer in (LC)

4.6.8 RF outout vower. - RF output power of diodes operating as oscil-
lators chall be measured at operating frequency in accordance with method
4250, MIL-STD-1311 using a calibrated thermistor and power meter.

4.6.9 Occilleator freaunencv, - Frequency of dlodes operating as oscil-
Intors chall be deterwined with a calibrated spectrum analyzer and verified
with a callibrated frequency meter.

4,6.10 IC bies voltsre, = DC bias voltage of diodes operating asg oscil-
lators shall be measured in accordance with method h016, MIL-STD~750.

h,6.11 DC biss current, = DC bias current of diodes operating as oscil-
lators shall be measured in accordance with method 4016, MIL-STD-750.
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h.6.12 Iuelear radiation exvosure, = Devices will be exposcd to the neutron
level ,p(citx-u velow over a Lime pcrxod not to exeecd five (5) minutes This |
exposure vill be conducted with the devices in a non-operating, non-bxa'ad
! condjtion and et a temperature not to excced L40°C., Devices shall not expericnce
tewperaturces in excess of ECOC prior to evaluation testing. Evaluation will
be conducted in such a manner that no device will be operated for more than
: tvo (2) minutes prior to completion of the sub-group tecsts. These precautions
are necesosery to reduce the effectis of high temperature anncaling of the
radiation induced damage.

1013n/cn”, 1 eV equivalent (51)

10% rads (5i) gemma

4,6.13 Juncticn temperature, - The junction temperature shall be determined

es follovs: ‘Che breakdown voltaze of the diode shall be measured at LOOC

' intervals between 20°C end 200°C in accordance with method L4021 of MIL-STD-T750.

i The breakdown voltapge shall be that voltage corresponding to a reverse current

! of 1 mA. The diede shall then be hiased under pulsed conditions in e lossv

i circuit to suppress oscillations thus making input pover ecuivalent to diss

i pated power. Pulse width shall be sufficient (about ) msec) for the diode

; Lo reach therrmal equilibrium. The diode shall then be pulsed down to a

A and breakdown vollege shall be measured. The pul sec-down

duration shall be short (several microucconds) to prevent cooling of the diode.

; From this data therral resistance of the diode shall be determined. The
Junction temrerature of a diode under operating conditions chall be determirned
from its power input, power output and thermal resistance.

: currenc of 1 &

5. PREPARATION FOR DELIVERY

5.1 Preparation for delivery., - Packeging cnd marking shall be in accord-
ance with the contract.

6. NOTES - None,

b e e - i s < 1 &
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TARLE T - GROUP A TNOPECTTON
Tp = 25 4 3°C unless olhervise specified
Test Method Symbol Min Max Units
.ff_l_\_}\."rmm_l
Occillotor YFrequency 4.6.9 fe
Diode Type 1 9 11 Chiz
Diode Type 2 1h 16 GHz
Oscilletor output 4.6.8 Po
pover
Diode Type 1 2eD W~CW
Diode Type 2 2.5 W~-CW

Oscillator
efficiency (RF-IC)

Junction Temp
Subgroun 2
Mechanical tuning

Subgroun 3
M4 Noise
11 Noise

Subgroun I
DC Bias voltage
DC Bias current

Subcroup 5

“Tixternal Q

4.6.7 i 5 20 %

4.6.13 Ty 200 oc
b.6:3 | atisea + 250 Mz
h.6.1 (N/S)au -115 dB
h.6.2 5K crns 50 Hz
4.6.10 Vo 70 v
4.6.11 p i 500 ma
ha6o," Qext 200

7




SCS-481
TABTI. IT CROUP B INCPECTICH
MIL-S1D=-150 '
Test Irthod Details Min Max Taits

Subgroup 1
Shock 2016 Non-opereting; SO00C:,
t = 1.0 msee, Xy,

Yy, ond Z; oricnteiion

Vibration,
Variable Freq. 2056 Non-operating; 20G,
50 to 20C0 Hz,

: Constant

' acceleration 2006 Non-operating; 20,0005

! min, X3, Y, and 2y

' orientation

) Hermeticity 1071 Test Condition H- Traces

Gas Finc Leak (Helium)

End point measurements; Tabie I, Subgroup 1

——— -

Subrroup 2
Nuclear radiatio
exposure b.6.12

-

Lb .oiire

End point measurcments: Table I, Subgroup 1

Subproug_}
Storage life 4.6.5

(non-operating)

.
ISP S PRI

" 1 Subrroun L
Operating life 4.6.6
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TABLE 11T OPERAPTHG REQUTREMEITTS

Ambient Temperature Renge: =ho°C to,65°C

Diode Tvpe 1

Oscillator frequency 10.0 GHz + 1,0 GHz

Oscillator output power 3.5 W-CW, min.
Oscilletor efficiency (RF-DC) 207 min
Junction Tenperature 200°C max

Diode Tyve ?

Oscillator'?requency 15.0 Gllz + 1.0 GlHz

Oscillator output pover 2.5 W-CW, min
Oscillator efficiency (RF-DC) 205 min
Junction Temverature 200°C mex
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