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ABSTRACT

An epitaxial GaAs system has been designed for the growth of
low-high-low (L-H-L) GaAs for use in Read-type IMPAiT diodes. This
epitaxial system includes a computer control system for the operation

and monitoring of the epitaxial growth process.
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I. INTRODUCTION

he 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 improve-
ments 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 thi§ temperature, the flow rate of the dopant and epi-
taxial gases, the chemical composition of these gases and the interrela-
tionship 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




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 yield 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.

 — e e e




1 & SUMMARY

Construction of the computer controlled epitaxial GaAs system
was completed and the computer control system was interfaced with the
epitaxial system. The epitaxial system is in its final configuration with
the exception of the bubbler controller for the A5013 etch bubbler. 7The
bubbler controller for this bubbler was received in poor condition and was
returned to the manufacturer. A mass flow controller is being utilized
instead of the bubbler controller. The impact of this change is not material
to the successful operation of the system since it is used only for the pre-
growth etch and is not used during the actual epitaxial crystal growth. In
addition, the input signals of the two different units are identical, allowing

the computer control system to be connected in the same fashion.

The computer controlled epitaxy system was operated during the
latter part of the quarter. The computer controlled epitaxy system prepared
good epitaxial L-H-L GaAs which produced devices which meet the output
power, frequency and effieicncy required for the X-band IMPATT diode
specified by SCS-481

i i i i



III. SYSTEM CONSTRUCTION AND EXPERIMENTAL RESULTS

The epitaxial system was operated in a manual mode during the
first portion of the first month of the quarter. The system is in its final
configuration with the exception of the vaporizer controller which was
returned to the manufacturer. This unit has not yet been returned by the
manufacturer. The impact of this change is not material to the successful
operation of the system since it is only used for the pre-growth etch and
not used during the actual epitaxial crystal growth. In addition, the input
signals of the two different units are identical, allowing the computer control

to be connected in the same fashion.

The epitaxial system performed similarly to the performance previously
reported. The peak shape was still too broad. As a result, a mixture of
SiH4 in hydrogen was used to replace the H2
peak shapes appear to be much improved. The epitaxial system was shut

S in hydrogen doping gas. The

down about the middle of the first month of the quarter to permit wiring in

the computer control system.

All components of the computer control system were delivered.

The components were interfaced and checked out with only minor problems.

The problems which were encountered were primarily in the nature
of wiring errors in interfacing the epitaxial system to the Hewlett- Packard

9611R Remote Measurement System. The other problems which were en-
countered were in the interfacing of the various Hewlett-Packard equipment.
These problems were: 1) the wrong cable connectors were shipped for some
of the cables; 2) some cables were not supplied and; 3) wiring errors

which were made at Microwave Associates on the cable connectors used to
remote the laboratory cathode ray tube display and the 9611R Remote Measure-
ment System from the computer. None of these problems were serious, and

were easily corrected.




The remote measurement system and laboratory cathode ray tube display
i were then relocated to the epitaxial GaAs laboratory and the wiring to the

computer room was completed and tested.

The wiring of the reactor to the remote measurement system (the
portion of the computer control system which is located in the epitaxial GaAs
laboratory) was completed. The wiring was performed in two separate stages.
The gas handling portion of the epitaxial system (the mass flow controllers,
vaporizer controllers and control loops) and the necessary thermocouplers
were initially completed. A computer program was written to grow L-H-L
structures and this program was utilized to successfully prepare L-H-L
structures under computer control. The temperature controllers were then
. wired into the system and the entire epitaxial deposition performed by
computer control. The epitaxial system controlled by the computer control
system is now operational and has successfully prepared L-H-L epitaxial
GaAs.
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IV.  DEVICE RESULTS

The first of the epitaxial L-H-L crystals prepared in the final
computer controlled epitaxy system were performed toward the end of

the quarter.

The evaluation diodes which are assembled are thermocompression
bonded (TCB) square (7 x 7 mil) chips with a piatinum Schottky barrier
serving as the junction. This type of evaluation is utilized to provide quick
information on the performance of the epitaxial GaAs for Read IMPATT diodes
and to select material for sub'sequent fabrication into the high-power plated

heat sink (PHS) diodes.

The device results which were obtained are shown in Table I using
the device test procedures and cavity described in the Second Quarterly

Report.

These ranges of efficiency are consistent with efficiencies of PHS
diodes in excess of 20%. In general, the PHS diodes exhibit efficiencies
4 to 5% higher than the TCB evaluation diodes.

The various epitaxial crystals operate most efficiently at different
frequency ranges. The best operating frequency is a function of the drift
doping density and drift thickness. These different crystals were prepared
to different specifications in order to determine the correct material to be
utilized for the required device. The material parameters for these crystals

are given in Table II.
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Within each crystal, there is a variation of the breakdown voltage
from diode to diode. This variation is the result of a slight variation of the
integrated charge density of the peak. This variation is the result of
slight variations in the peak height and peak position. The peak position
is the result of the original peak position of the epitaxial layer, the amount
of epitaxial GaAs removed by sputter etching to clean the surface and locate
the peak for optimum performance and the amount of platinum which is re-

acted with the GaAs to form the reacted platinum Schottky diode.

The variation of the breakdown voltage from crystal to crystal is
caused by larger variations from run to run in peak height and peak position
than within an epitaxial crystal. These variations of breakdown voltage
from run to run do not translate to corresponding variations in operating

voltage as can be seen from the data in Table I.

For each crystal, the evaluation diodes were square chips and are
subject to damage during the chip fabrication and assembly processes. As
a result, after bonding, these diodes are etched to provide a sharp break-
down voltage. This etching process leads to an area variation in the eval-
uation lot. This area variation manifests itself as a variation in operating
current and output power such as seen in the results in Table I. The smaller
diodes have a lower capacitance and thus operate at a slightly higher

frequency.

The efficiency for these devices appears to follow the breakdown
voltage, i.e., the higher the breakdown voltage, the higher the efficiency.
This feature can be seen more clearly from the data in Table III for PHS
diodes from crystal 4819. These data would indicate that the integrated
charge density of the peak in some of these diodes is slightly too high. Those
devices which have the lowest breakdown voltage have the greatest amount of

undepleted peak with a resultant decrease in efficiency.
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The breakdown voltage variation does not translate to the same

|

il T o———

operating voltage variation. The variation of the breakdown voltage (+ 8%) {1

results in a variation of operating voltage of only + 4%.

The carrier density profiles obtained from these evaluation diodes

are shown in Figures 1,2,3, and 4.

The first of these crystals - 4819 - was processed into plated heat

sink diodes. Results of these devices were shown in Table III.

These

devices meet the output power, operating frequency and efficiency for the

X-band diode of SCS-481.
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SEMICONDUCTOR DOPING PROFILE
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V. PROGRAM FOR THE NEXT QUARTER

The second engineering samples will be prepared, tested and
delivered. It is expected that these diodes will meet all of the speci-

fications.

Preliminary reproducibility data on the epitaxial system will be
obtained. These data will be used to determine if any serious reproduci-
bility problems exist with the epitaxy system which could then be immed-
iately addressed.

Uniformity data will also be obtained on the epitaxial crystals to
determine the variation of the carrier density profile, thickness and the
doping peak parameters over the epitaxial crystal.

SREPI
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VI.

IDENTIFICATION OF PERSONNEL

NAME

Dr. Robert E. Walline

Dr. John L. Heaton
Mr. James E. Hoitz
Mr. Carl N. Foose

TITLE HOURS
GaAs Department Manager 48
IMPATT Product Line Manager 75
Materials Engineer 410
Engineering Assistant 80
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ELLCTASITCS CARYAND SCS-481
23 December 19Th

TECHNICAL REQUIREMENTS

JIIGH EFFICIELCY, HIGH-POWER GALLIUM
ARSENIDE REAU-TYPE IMPATT DIODES

1. SCOPE

1.1 Score. - This specification covers the detailed requirements for

high efficicney, high power Gellium Arcenide Recd-Type IMPATT Dicdes.

‘5., 'APPLICABLE DOCUIENTS

2.1 The following documents, of the issue in effect on the dete of

invitation for bids or request for proposal, form a part of the specification

to the extent specified herein.
SPECIFICATIONS

MILITARY

MIL-S-19500 Semiconductor Devices, General Specification for.

STANDARDS .

MILITARY
MIL-STD-T50 Test Methods for Semiconductor Devices

MIL-STD-1311 Test Methods for Electron Tubes

(Copics of specificution, ctendards, drawings and publications required by
suppliers in connzcticn with specific procurement functions should be obtained

from the procuring activity or as directed by the Contracting Officer).

3. REQUIREMENTS

in accordence with MIL-S-19500, and as specified herein.

any ceanflict, the requirements of this spucification shall govern.

g ? . 7 — - — T———
- TR .

- -y

3.1 Detail reauircments. - The individuel item requirements shall be
In the event of

e —— —
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3.2 Abbrevictions and symbols. = The abbrevxation and symbols used
herein are defined in MIL-5-195CO and as follows .

Qext = external quality factor of diode oscillator

3.3 Design end construction and physical dimensions. - The diodes shall
be made by epitaxiul growth of Read-type proriles. <The diode shall consist
of & single mesa, single chip mounted in a ceramic-to-metal microwave package.
The package shall be golé plated and hermetically sealed. The package shall
provide means for readily heat sinking the diode. A schematic of a suitable

package is shown in Figure 1.

3.3.1 Operatinz vosition., - The diode shall be capable of proper
opcration in any position. '

3.4 Perforuence cheracteristics. - The diode performance characteristics,

vhile operating &c oscillators, shall be es specificd in Tables I and II'and
as listed below. The performance characteristics shell apply over the specified

ambient operating temperature renge unless otherwise specified.

3.4.1 Process conditioninz. - All units shall be process conditioned
before they are subjected to tne tests end examinations defined in Tebles I

and II (see 4.5.4).

3.5 Serial number. - The munufacturer:shall assign a serial number to
each device furnished to this specif‘cation. This seriesl number shall be
sequential and non-repeating.

3.6 Interchanszeability. - All parts heving the same manufacturer‘'s part
rumber shall be directly and completcly intcrchengeable with each other
with respect to installotion and performance within the requirements of this

specification.
3.7 Storame life (non-overantine). - Fcllowing storage at an ambient

temperaturc of 200YC + 3“C lor 1000 nours minimum, ell diodes shall mcet the
requirements of oscillator frequency, oscilletor output power and oscillator

efficiency as defined in Table III (see 4.6.5).

3.8 Operating life. - All diodes which have operated for 1000 hours
minimum per the rcquirements of Table III shall have a power output of no
less than 75 percent of che initial power output (see 4.6.6).
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3.9 Mechanical tunins. - The RF output power shall not decrcase below
specified value in Table III. The frequency and power shall vary smoothly

with no steps or jumps (see %4.6.3).

3.10 Externs) Q. - The external quality factor, Qu4t, of the diode
oscillator shall not be more than 200 (see 4.6.4).

4, QUALITY ASSURANCE PROVISIONS

4,1 Resvonsibility for insvestion., - The contractor is responsible for
the performance of all inspec:icns specified herein. The contractor may
utilize hig own facilities or &ny commerciel laboratory accepteble to the
Government. Inspection record: of the exeminetions and tests shall be kept
complete and evailable to the Govurnment a3 specified in the contract. The
Government rescrves the right to perform esny of the inspections set forth
in the specification where such inspections are deemed necessary to assure
that supplies and services conform to prescribed requirements.

4,27 Classificaticn of insvection. - Inspection shall be classified as
follows:

(a) First article inspection (does not include preparation for
delivery) (see L.L).

(b) Quality conformance inspection (see 4.5).

L.3 Test plan. - The contractor prepared Government-approved test plan
shall contain:

(a) Time schedule end 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
diagrams.

(d) Identification and brief description of each inspection instru-
ment and date of most recent calibration.

h,& Pirst article incnection. - First article testing chall consist of
the tests ecpecified in Tables I and IT. For the testes of Tetle I and the
end point mensurements of Table II, the diodes shall be operating as oscillators
in the test covity. The number of units to be subjected to cach test shell
be as stated in the contract. WNo fallures will be permitted.

)
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4,5 Qualitv conformance insvection. - This inspection shall be performed

.on samples sclected trom the pilot preduction as specified in the contract

and shall consist of Group A and B inspections.

4,5.1 Group A inspection. - Group A inspection sﬁhll consist of the
examinations and tests specified in Table I. The diodes shell be operating
as oscillatores in the test cavity.

4.5.2 Grouo B insvection., = Croup B inspection shall consist of the
examinations and tests specified in Table II.

L.5.3 Croun C inspection. - Group C inspections are not applicable to
this specification.

L.5.4 Process conditioninm., - All diodes vill be stored, non-operating,
under ‘he fcllowing conditions:

(a) Junction tempersture: 225°C mex
200°C min

(v) Storage time: 168 hrs. min

L.5.5 Test cavitv. - Two suitable microwave test cavities, one for each
frequency band, shall be used to test the performance of the dicdes.

L.6 Methods of exemination end test. - Methods of examination and test
shall be as specified in Taoles I end II and as follows:

bL,6.1 /M noise. - An AM noise measurement system as shown schematically
in Figure 2 shall be used to determine the AM noise to signal) ratio. The AM
noise spectrum shall be measured continuously from 10 KAz to 100 KHz from the
carrier &s & minimum and recorded Ly an x-y recorder. Noise measurements
shall be performed while dicde oscillator is meeting the operating require-
ments in Table III.

L.6.2 ™ noise. - An FM noise measurement system as shown cchematicelly
in Figure 2 shall be used to determine FM noise deviation. The Fif noise

gpectrum shall be measured continucusly from 10 Kliz to 100 KRz from the carrier

a8 a minimum and recorded by an x-y recorder. Noice wmeasurcment shall be
performed while the diode oscillator is meeting the operating requircments
in Table II1I.

h.6.3 Mechanical tuninm. = The oscillator unit will be mechanically

tuncd over the required frequency range of + 250 lliz firom operating frequency.

h
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L.6.4 Externsl Q. - The external quelity factor, Q f% of the diode
ng, techniquee, A

oscillator shall be determined Ly standard injection loc
small locking signal shall be injected into the diode oscillator for measure=-

ment of locking bandwidth as a function of injected power.

4.6.5 Storsse life (non-overatine). - The diodes shell be stored at un
ambient temperature of' zCO°C + 3°C for 1000 hours minimum. These diodes shall
be selected randomly from diodes vhich have undergone process corditioning
end have successfully passed all Group A inspections. Upon completion of
storage, the diodes shall be subjected to the following tests described in
Table I: Oscillator frequency, oscillator output power and efficiency.

4.,6.6 Oonecratineg life, -~ The diodes shall be tested under opereting
conditions in accordancc with Tablc III for 1000 hours minimum. 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 successfully passed all Group A inspections. The number
of failures as a function of time shall be recorded. The test shall dbe
conducted in an ambient temperature of 25 + 3% and the cavity temperature

shall not exceed 75°C during this test.

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

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

4,6.8 RF outnut nower. - RF output power of diodes operating as oscil-
lators shell be measured at operating frequency in accordance with method
4250, MIL-STD-1311 using a calibrated thermistor and pcwer meter.

4,6.9 Oscillator freauency. - Frequency of diodes operating as oscil-
lators shall be determined vwith a calibrated spectrum analyzer and verlfied

with a calibrated frequency meter.

h.6.1o DC vias voltare. - DC bies voltage of diodes operating as oscil-

lators shall be measured in accordance with method 4016, MIL-STD-TS0.
4,6.11 DC bias current. - DC bias current of diodes operating as oscil-
lators shall be measurcd in &ccordance with method 4Ol6, MIL-STD-T750.
5
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k.6.12 Nuclear radiation exvosure., - Devices will be exposed to the neutron
level spccificd obclow over a time period not to exceed five (5) minutes. This
exposure vwill be conducted with the devices in a non-operating, non-biased
condition and at a temperature not to exceed 40°C. Devices shall not experience
temperatures in excess of 4COC prior to evaluation testing. Evaluation will
be conducted in such a menner that no device will be operated for more than
two (2) minutes prior to completion of the sub-group tests. Theze precautions
are necessary tc reduce the effects of high temperature annealing of the
radiation induczd damage.

1013n/cm?, 1 MeV equivalent (81)

10% rads (Si) gemma

4,6.13 Junction temperature. - The junction temperature shall be determined
as follows: <The breakdown voltage of the diode shall be measured at Lo°C
intervals between 20°C and 200°C in accordance with method 4021 of MIL-STD-T50.
The breakdown voltage shall be that voltage correspornding to a reverse current
of 1 mA. The dicde shall then be biased under pulsed conditions in e lossy
circuit to suppress oscillations thus meking input power equivalent to dissi-
pated power. Pulse width shall be sufficient (avout 1 msec) for the diode
to reach thermal equilibrium. The diode shall then be pulsed down to 8
curren: of 1 mA and breakdown voltege shall be measured. The pulse-dovwn
duration shall be short (several microseconds) to prevent cooling of the diode.
From this data thermal resistance of the diode shall be determined. The
Junction temperature of a diode under operating conditions cshall be determined
from its power input, power output and thermal resistence.

5. PREPARATION FOR DELIVERY

S.1 Preparation for delivery. - Packeging and marking shall be in accorde
ance with the contract.

6. NOTES - None,
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TARLE I - GROUP A TNSPECTION

Tp = 25 + 3°C unless otherwise specified

Test Method Symbol Min Max Units

Subgaroup 1

Oscilletor Frequency 4.,6.9 fo
i Diode Type 1 9 1 Cliz
; Diode Type 2 1k 16 CHz

Oscillator output 4.6.8 Po
"k pover

¢ Diode Type 1 3.5 W-CW
Diode Type 2 2.5 W-CW

Oscillator
efficiency (RF-DC) 4.6.7 n 20

RN

404 e

Junetion Temp 4,6.13 TJ 200 oC

Subgroup 2
Mechanical tuning 863 | athees + 250 Milz

Subrroun 3
M Noise "
L

iﬁ R4 Noise

" (N/S) =115 4B
2 | afems 50 Hz
Subgroun b
DC Bias voltage L,6
DC Bias current 4.6.

H o
-
o
\n
8
g<

, Subrrou
‘41 External Q L.6.4 Qxt 200
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adeadbibd

End point measurements; Tabie I, Subgroup 1

Subggohn 2
Nuclear radiatic
exposure

(=3

b,6.12

End point measurements: Table I, Subgroup 1l

Subgroup
Storage life
(non-operating)

Subgrouo b
Operating life

hosns

L.6.6

e : FROM COPY FURNISHED 10000 ___—
TABLE IT CROUP B INSPECTICN
1MIL-STD=-T50
Test Method Details Min
Subgroup 1
Shock 2016 Non-operating; S00G,
t = 1.0 mseec, X,
Yy, and Z; gricntetion
Vibration, . : :
Variable Freq. 2056 Non-operating; 20G,
{ 50 to 20C0 Hz.
Constant .
acceleration 12006 Non-operating; 20,000G
orientation
Hermeticity 1071 Test Condition H- Traces
: Gas Fine Leak (Helium)

v -
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TABLE _ITII OPERATING RECQUIREMENTS

Ambient Temperature Range: -40°C to_65°c

Diode Tvpe 1

Oscillator frequency 10.0 GHz + 1.0 Gliz
Oscillator output power 3.5 W-Ci, min.
Oscilletor efficiency (RF-DC) 20% min

Junction Temperatu : 200°C max

Diode Type 2

Oscillator frequency 15.0 Gllz + 1.0 GHz
Oscillator output power 2.5 W-CW, min
Oscillator efficiency (RF-DC) 20% min

5Cs-181

Junction Temperature 200°C mex
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