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NOTICES

DiSclaimers

The findings in this report are not to be
construed as an official Department of the
Army position unless so designated by other
authorized documents.

Disposition

Destroy this report when it is no longer
needed. Do not return it to the originator.

fr I
I

This project has been accomplished as part of
the U.S. Army (Manufacturing and Technology)
(Advanced Production Engineering) Program which
has as its objective the timely establishment
of manufacturing processes, techniques or
equipment to insure the efficient production
of current or future defense programs.
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PU RPOSE

The objective of this program was to establish a capability

A to manufacture high-efficiency, high-power Gallium Arsenide IMPATT

diodes at specified rates and yields. There are two diode types;
one at X—band , and one at Ku—band which have the nominal character—
istics listed below:

X-Band ~u-Band

Operating Frequency (GHz) 10.0 ±1.0 15.0 ±1.0

Power Output (Watts) 3.5 m m .  2.5 m m .

Conversion Efficiency ( % ) 20 m m .  20 m m .
Operating Junction Temperature (°C) 200 max. 200 max .

Effor t  during the engineer ing phase was directe*I toward
establishing production processes for both Gallium Arsenide
epitaxial wafers and diode assembly and test. The wafers were
designed to meet specifications which were dictated by the diode
requirements and also for specific material characterization
testing as specified in the contract. The diodes were designed
to meet the detailed performance requirements outlined in SCS—48l .

V
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SECTION I

DEVICE DESCRIPTION AND ANALYSIS - PROJECT HISTORY

1.0 DEVICE DESCRIPTION

1.1 Design Approach

The IMPAT T diode is a two—terminal , solid-state neg-
ative resistance device used to convert applied DC electrical

energy into microwave energy. The active zone of the usual

IMPATT diode can be divided into two parts; the avalanche zone

where bunches of current carriers are created by avalanche

breakdown, and the drift zone where the carrier bunches inter—
act with the DC and RF fields. If the thickness of the drift

zone is properly chosen , the RF current in the external circuit
will be 180°C out of phase with the RF voltage and the device

will have a maximum negative resistance at the desired operating ¶
- - frequency.

The maximum conversion efficiency from DC to RF at

the operating frequency then becomes approximately proportional
to the ratio of the DC voltage across the dr i f t  zone to the
total applied DC voltage. The larger the drift zone thickness

relative to the total active zone thickness, the greater the
available efficiency. For X or Ku-band devices having a uniform

j carrier concentration distribution (i.e., flat profile) through—
out the active zone, the efficiency is limi ted because the
avalanche zone occupies about one—quarter of the total active -

zone thickness. The dr i f t  zone width , therefore, cannot exceed
three quarters of the total active zone thickness, and the dr i f t
voltage is limited to about one-half the breakdown voltage. The

maximum achievable efficiency is, therefore, limited to consid—

erably less than 20%.

I
I’.
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In order to overcome this basic limitation, the
relative width of the avalanche zone must be minimized. One

I -• 

- method for accomplishin g this is by shaping the doping profile
following the basic prescription originally proposed by Read.

Efficiencies and power output capabilities far exceeding those

of conventional IMPATT diodes have been demonstrated using

this approach.

The performance improvements which have been realized

from the Read IMPATT diode are primarily due to the nature of
the doping profile. Many of the characteristics of the diode

are, therefore, built in during the growth of the epitaxial wafer
from which it is manufactured. The natural frequency of

oscillation and the maximum conversion efficiency are prin-
cipally determined by the doping profile. The improved results

are achieved with a more complex profile. Greater sophistication

of processing competence is, therefore , required as well as a

•1 - higher level of control relative to that required for simpler
devices.

To utilize the performance potential from the wafer ,
new requirements are also imposed upon the diode manufacturing
format , as well as upon the test and operating circuits.
Because of the shallow doping spike, for example, new constraints
have been imposed upon the metallization system which forms
the Schottky barrier to prevent excessive consumption of surface
Gallium Arsenide.

1.1.1 The Gallium—Arsenide Epitaxial Wafer

The process of growing gallium arsenide wafers
with modified “Read” profiles was first developed at the Raytheon

Research Division. The doping density distribution in Read

profile wafers may have either a step or a narrow peak near 

the2
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surface barrier or junction. The former is known as the high-

low (IlL) profile, and the latter is known as the low-high-low
(LHL ) profile. Both are capable of yielding high-efficiency,

high—power devices. Both serve to limit the width of the

avalanche zone relative to the drift zone of the diode by

• shaping the electric field profile favorably. Our experience
• has shown the LHL Read to be more easily manufactured than the

HL Read ; hence, further discussion will be limited to it.

The electric field profile, and the doping pro-
file of an idealized LHL Read diode are shown schematically in

Figure 1-1. The symbols used in the figure are identified in

Table 1—1. The wafer characteristics which most affect the

device performance are: (1) the depth of the doping spike, x~ ,

(2) the integrated charge in the spike (Q) which is reflected
as the magnitude of the field step ~E, and (3) the carrier

concentration of the drif t zone, 
~D• These wafer parameters

determine the shape of the electric field profile in the operating
diode. This in turn fixes the width of the depletion zone,

which determines the natural frequency of the device. The

electric field profile also determines the relative DC voltage
across the dr i f t  zone and the total breakdown voltage, which
together determine the maximum device efficiency.

1.1.2 The Read IMPATT Diode

The gallium arsenide wafer previously described
may be considered an input material to the diode assembly
operation which begins by the generation of several—hundred

individual diode chips or dice from each wafer.

The dice fabrication procedure is based upon
methods previously demonstrated at Raytheon, and a major engi-

neering effort on this program was devoted to converting 

the3
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Figure 1-1 Schematic Representation of the Donor Density Profile
• and the Electric Field Profile of a Stepped Field (LHL)

Read Diode. The notation used in this figure is iden-
tif led in Table 1—]. .
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Table 1—i

Identification of Notation

WB1 Thickness of epitaxial buffer layer 1 as grown

WB2 Thickness of epitaxial buffer layer 2 as grown

Thickness of epitaxial contact layer from spike to surface
as grown

WD Thickness of epitaxial drift layer from spike to buffer
- layer 2 as grown

W~~b Thickness of subs trate material

W~ Width of undepleted epi zone in diode

XA 
- Depth of avalanche zone-distance in diod e at brf ’akdown
measured from junction , or Schottky barrier 

-

XD Total depletion depth-distance in diod e at breakdown
measured from junc tion, or Schottky barrier

X Spike depth-distance in diode measured from juflc tion,• p or Schottky barrier 
-

ED E1e~tric field at beginning of the linear field portion of the
drift zone in diode at breakdown

Emax Electric field at junction or Schottky barrier in diode at
breakdown • 

-

Field step occurring across doping spike in dioc!e at breakdown

~B1 Electron concentration of buffer layer 1

2 Electron concentration of buffer layer 2

or n2 Electron concentration of drift layer

rip Measured electron concentration at peak of doping spike

‘1sub El ectron concentration of substrate

• Electron concentration measured with zero bias applied to
0 junction or Schottky barrier -

Base width of doping spik e measured at 1.5 riD
6 Full width of doping spike measured at half heig it (0.5 n~)

Width of doping transition from drif t  layer to bu ffer layer 2

J ~~~~~~~-~~~~~ - - 
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design already achieved to that required for production at the
rates and yields specified. Several novel processes for

improving performance , reducing cost, or enhancing reliability
were implemented .

The gallium arsenide die is shown schematically

in Figure 1—2.

The diode configuration is shown in cross

section in Figure 1-3. The package is the Raytheon type 16A

which is a hermetically—sealed microwave diode enclosure
commonly used for this class of diode. The gallium arsenide

chip has an integral heat sink which serves as the device anode
and which is soldered to the pedestal of the package. Contact

to the gallium arsenide cathode is by means of crossed gold
wires therinocompression—bonded to the chip metallization and
then bonded to the f1an~ e provided on the package. A lid which

• is welded to the flange hermetically seals the diode package
after completion of diode assembly operations.

Af ter assembly operations have been completed,
the diodes are subjected to process conditioning and then to
final testing. Process conditioning consists of subjecting the
diodes to a series of environmental stresses during which
assembly defects are likely to be detected. The devices failing

are removed from the lot thereby improving the reliability of
the surviving population.

Typically, a hermetic seal test is performed to
remove leaky packages. The diodes are then subjected to

elevated temperature storage to remove diodes which would poten-

• tially fail during early operation at normal temperatures.

6
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1.2 Device Performance and State of the Art

The key performance specifications for an IMPATT -

diode are its frequency of operation , power output, efficiency,
— 

and junction temperature. Other performance characteristics

are determined by the design chosen to achieve the primary charac-
teristics. The characteristics are all inter-related to a large

extent; a change in one characteristic having an effect  on
several others .

It is important that the diode specifications be
self—consistent within the performance limits of the device.

A unifying element is the device area . In general , the area
should be large to provide low thermal resistance (O

~~~
l/K) but

not so large that there is difficulty in matching the device
reactance in circuits with reasonable Q. Our experience has

taught us that for existing circuit structures, a capacitive
reactance of about 10 ohms at the chip level gives optimum
results. This requirement implies a chip capacitance near break—

down voltage of 1.7 pF and 1.1 pF for X and Ku-band, respectively.
The circuit tolerance is suf f iciently broad to allow for ± 15%
variation in C~ with little degradation in performance.

DC-to-RF conversion efficiencies on the order of

25 percent have been achieved. This is typical of X-band

devices as shown in later sections. The conversion efficiencies

for Ku—band diodes are in excess of 20 percent, but seldom over
23 percent. If we assume in our analysis a worst case of 20

percent efficiency, we obtain our most conservative prediction
of device performance. Assume the diodes are oscillating at

P0 = 3.5W(X) and 2.5W(Ku). (See diode specification in Section
- 1.3.) At the assumed efficiency level , the X and Ku—hand devices -

must dissipate 14 W and 10 w , respectively, as heat. If the

9
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max imum junction temperature is to be 200°C , this allows for a

175°C rise over a 25°C ambient. This requirement, in turn ,
implies a maximum thermal resistance of 12°C/W and l8°C/W for
the X and Ku—band devices. In this regard , our measurements
show that the diodes typically achieve above this maximum level.

Measurements of thermal resistance on diodes plotted as a

function of the diode diameter prior to this program are shown

in Figure 1-4. As shown, we had predicted lO°C/W (X) and 14°C/W
(Ku). The predicted thermal resistances were not realized. The

higher values of thermal resistance typically observed were
compensated , however, by efficiency well above the lower limit.
Each one percent of increment in the conversion efficiency reduces

the temperature by about 7°C.

• The cavity circuit used to test Read diodes as
oscillators is shown in Figure 1—5. This circuit is referred

to as the top hat circuit. At X—band , the loaded Q and external
Q are about equal ex~~~

80
~ 

and are below the maximum limit
set in the specifications (Q = 200).ext

The mechanically variable elements of the circuit
are: (1) the top hat, (2) the diode heIght above the waveguide

floor , (3) the position of the sliding short, and (4) the
position of the slide screw tuner at the output end of the cavity .
In practice, the device frequency is determined primarily by

the top hat , with the other parameters determining the coupling
level of the radial RF mode to the cavity mode. Figure 1-6

shows the wide frequency tuning range achieved with a typical

diode in X-band. We observe a ±1300 MHz range with only 2.1 dB

variation in power output. At all frequencies, the power level

stays over 3.5 W CW. It should be noted that these results are

10
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for constant current bias conditions. The observed 
~~ mech well

exceeds the device requirements of ±250 MHz.

A listing of the state-of-the-art performance for
IMPATT diodes from laboratory work is given in Table 1-2. It

may be seen that the specifications for the devices in this
program are conservative relative to the best performance.

The performance achieved on this program equals the

available capability with the chosen design. Better performance

has been obtained only with more advanced design concepts

(distributed junctions and double—drift profiles). Thus, a

manufacturing capability has been established for X and Ku-band

Read-profile IMPATT diodes.

On parallel programs internally-funded , we have
extended the manufacturing capability into C-band. Also, some
of the devices have been used in a distributed junction con-

figuration to result in devices capable of 9.0 Watts at X-band

and 3.5 Watts at Ku—band.

-

- 

-
- 1.3 Diode Specification

- 

- The complete diode specifications are included in the
following pages. The detailed requirements are essentially the

same as the original specification SCS—48l, dated 23 December 1974.

Additional specifications such as breakdown voltage and thermal

resistance have been added in accordance with the contract to
better define the diode. The X-band diode has been assigned the

Raytheon part number MS-50371. The Ku-band diode has been

- 

- designated the MS-50372.

14
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1.0 SCOPE

1.1 Scope — This specification covers the detailed requirements
for high—efficiency, high power gallium—arsenide Read-type
IMPATT diodes.

1.2 Absolute Maximum Ratings — T
A 

= 25°C unless otherwise
specified.

01.2.1 Storage Temperature Range: -65 C to +200 C

- - 1.2.2 Operating Ambient Temperature Range : -400C to +65°C

1.2.3 Maximum Junction Temperature: 225°C

1.2.4 Operating Voltage: 70 Vdc

1.2.5 Operating Current: 400 mA dc

2.0 APPLICABLE DOCUMENTS

2.1 The following documents, of the issue in effect on the date
of invitation for bids or request for proposal, form a part

—9 of the specification to the extent specified herein.

SPECIFICATIONS

MILITARY

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

STANDARDS

MILITARY

MIL—STD—750 Test Methods for Semiconductor Devices

MIL—STD-131l Test Methods for Electron Tubes

3.0 REQUIREMENTS

3. 1 Detail Re~ uirements - The individual item requirements
shall be in accordance with MIL—S —1 95 0 0 , and as speci—
fied herein. In the event of any conflict, the require—
ments of this specification shall govern.

17
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3.2 Abbreviations and Symbols - The abbreviations and symbols
used herein are defined in MIL—S—19500 and as follows:
Qext = external quality factor of diode oscillator.

3.3 Design and Construction — The diodes shall be made by
epitaxial growth of Read-type profiles. The diode shall
consist of a single mesa , single chip mounted in a
ceramic—to—metal microwave package.

3.3.1 Physical Dimensions - The package shall be gold plated
and hermetically sealed. Physical dimensions of the
package shall be as shown in Figure 1. Package char-
acteristics shall be:

CC = Case Capacitance = 0.30 pf nominal

- - Lc = Case Inductance = 0.40 nb nominal

3.4 Performance Characteristics - The diode performance
characteristics, wnile operating as oscillators, shall
be as specif ied in Tables I and II and as listed below .
The performance charac ter istics shall app ly over the
specified ambient ope rating temperature range unless
otherwise specified. -

—p
- - 3.4.1 Test Circuit — The test circui t shown in Figure 2

shall be used to verify the performance characteristics
as specified in Tables I and II.

3.4.2 Operating Position - The diode shall be capable of
proper operation in any position.

3.5 Mechanical Tuning - The RF output power shall not decrease
below the specified value . The frequency and power shall
vary smoothly with no steps or jumps (see 4.2.6.3).

3.6 External Q - The external quality factor , ~ of the
diode oscillator shall not be more than 200ex (see
4.2.6.4).

3.7 Process Conditioning - All units shall be process condi-
tioned before they  are subjec ted to the tests and
examinations defined in Tables I and II.

3.8 Interchangeability - All parts having the same manu-
facturer ’s part number shall be directly and completely
interchangeable with each other with respect to
installation and performance within the requirements
of this specification .

18
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3.9 Marking - Shall be permanent and legible in accordat~ce -
with MIL-S-l9500 and shall include the following:
part number , lot identification code and the manu-
facturer ’s name or symbol. Marking may appear on the
unit container.

4.0 QUALITY ASSURANCE PROVISIONS

4.1 Sampling and inspection shall be in accordance with
MIL—S—l9500 , and as specified herein.

4 . 2  Qual i ty  Conformance Inspection

4.2.1 Inspection Lot — An inspection lot shall consist of
tha t quant i ty  of devices which the manufacturer
processes through the quality conformance inspec-
tion at one time.

4 . 2 . 2  Group A, Table I — Each inspection lot shall be
subjected to the quali ty conformance examina tion
as specified in Table I. Defective units shall be
removed and noted by subgroups. If a given sub-

‘ 
group has failures in excess of the stated LTPD of
that subgroup , the ent i re  inspection lot shall be
rejected .

4 .2 . 3  Group B, Table II - Sampling acceptance inspection
shall be in accordance with Appendix C of MIL-S-
19500. Subgroup defects in excess of the stated
LTPD in Table II shall cause the entire inspection
lot to be rejected. Sample for Group B testing
shall be selected from a previously acceptable
Group A lOt. A composite summary of all Group B
test data shall accompany each lot shipped .

4.2.4 Specified LTPD for Subgroup - The LTPD specified in
Tables I, II , and III herein shall apply to all
the tests combined in the individual subgroup.

4 . 2 . 5  Process-Condition ir.q — Testing and Screening — Process
conditioning and testing and screening shall be in
accordance with this document and performed in the
exact sequence shown . Process-conditioning shall be
conducted on 100 percent of the lot prior to sub-
mission of the lot to quality conformance inspection .

4.2.5.1 Hermetic Seal (Gross Leak) Test — All devices shall
be tested for gross leaks in accordance with MIL—
STD—750 , Method 1071, Test Conditions D or F.

19
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4.2.5.2 High Temperature Storage — All diodes will be stored ,
non—operating, under the following conditions:

Ca) Junction Temperature: 225~C max.200 C m m .
L.

(b) Storage Time: 168 hours m m .

4 .2 .6  Methods of Examination and Test - Methods of examination
and test shall be as specified in Tables I and II and
as follows:

4.2 .6 .1  AM Noise - An AM noise measurement system as shown
schematically in Figure 3 shall be used to determine
the AM noise to signal ratio. The AM noise spectrum
shall be measured continuously from 10 KHz to 100 KHz
from the carrier as a minimum and recorded by an X—Y
recorder. Noise measurements shall be performed
while the diode oscillator is meeting the operating
requirements in Table I, Subgroup 3.

- - 4.2.6.2 FM Noise - An FM noise measurement system as shown
- - schematically in Figure 3 shall be used to determine

FM noise deviation. The FM nois e spectrum shall, be
measured continuously from 10 KHz to 100 KHz from
the carrier as a minimum and recorded by an X-Y
recorder. Noise measurement shall be performed while
the diode oscillator is meeting the operating require-
ments in Table I , Subgroup 3.

4.2.6.3 Mechanical Tuning — The oscillator unit will be
mechanically tuned over the required frequency range
of ±250 MHz from operating frequency.

4.2.6.4 External Q — The external quality factor, Qext, of the
diode oscillator shall be determined by standard
injection locking techniques. A small locking signal

• shall be injected into the diode oscillator for measure-
rnent of locking bandwid th as a func tion of injected
power.

4.2.6.5 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

mathematical formulations:

Power Efficiency (RF-DC) Power Output (RF) X 100

20
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4 .2 .6 .6  RF Output Power — RF output power of diodes operating
as oscillators shall be measured at operating frequency
in accordance with Method 4250, MIL—STD—l3ll using a
calibrated thermistor and power meter.

4.2 .6 . 7 Oscillator Frequency — Frequency of diodes operating
as oscillators shall be determined with a spectrum
analyzer and verified with a calibrated frequency
meter.

4.2.6.8 Thermal Resistance - The junction temperature shall be
- ~- determined as follows: The breakdown voltage of the0
- 

. diode shall be measured at 40°C intervals between 20 C
and 200°C in accordance with Method 4021 of MIL—STD-
750. The breakdown voltage shall be that voltage
corresponding to a reverse current of 1 mA. The diode
shall then be biased under pulsed condition in a lossy
circuit to suppress oscillations, thus making input
power equivalent to dissipated power. Pulse width
shall be suff icient (about 1 msec) for the diode to
reach thermal equilibrium. The diode shall then be

- - pulsed down to a current of 1 mA and breakdown voltage
shall be measured . The pulse down duration shall be
short (several microseconds) to prevent cooling .of the

-9 diode . From this data , thermal resistance of the diode
shall be determined .

‘1 4.2.6.9 Junction Temperature - The thermal resistance of the
device shall be measured in accordance with 4.2.6.8.
The junction temperature shall be calculated as follows:

T
J 

= PD X Rth

where: = power dissipated = (V
0

) ( I )  — P0

The symbols are as specified in Table I.

4.2.6.10 Storage Life (Non-Operating) — The diod~ s shall be
stored at an ambient temperature of 200 C ±3°C for
1000 hours minimum. These diodes shall be selected
randomly from diodes which have undergone process
conditioning and have successfully passed all Group A
inspections. Upon completion of storage, the diodes
shall be subjected to the following tests described
in Table I , Subgroup 3.

4.2.6.11 Operating Life - The diodes shall be tested under
operating conditions in accordance with Table I,

— 
Subgroup 3 for 1000 hours minimum. Power output shall

0-2143 (4-Ill VELLUM PrnNTCO IN U.S.A. 
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be monitored continuously. The diodes subjected~ to the
operating l i fe test shall be selected randomly fi-om
diodes which have undergone process conditioning , and
have successfully passed all Group A inspections. 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 750C during this test.

4.2.6.12 Nuclear Radiation Exposure - Devices will be exposed to
the neutron level specified below over a time period not
to exceed five (5) minutes. This exposure will be
conducted with the devices in a non-operating , non-
biased condition and at a temperature not to exceed 40°C.
Devic8s shall not experience temperatures in excess
of 40 C prior to evaluation testing. Evaluation will

- - be conducted in such a manner that no device will be
operated for more than two (2) minutes prior to

- 

I 
completion of the subgroup tests. These precautions
are necessary to reduce the effects of high temperature
annealing of the radiation induced damage.

13 2 .10 n/cm , 1 MeV equivalent (Si)

l0~ rads (Si) gamma

5.0 PREPARATION FOR DELIVERY

5.1 Preparation for Delivery - Packaging and marking shall be in
accordance with MIL-S—l9500.

10.2743 ($.,2I VELLUM PA INTED IN U.S.A. 
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TABLE I

GROUP A INSPECTION

TA = 25 ±3°C unless otherwise specified.

MIL-STD-750
Examination or Test Method Details LTPD Symbol Mm Max Units

Subgroup 1

Visual & Mechanical 2071 7 ——
Examination 

_______ ____________

3ubgroup 2

Breakdown Voltage 4021 = 1.0 mA BV 30 50 Vdc

Capaci tance 4 102 f = 1 mHz 5 CTVR 1.6 2.2 pf
VR= 2 S Vdc

Thermal Resistance 
______  

4.2.6.8 
_____  

Rth —-— 16.0 °C/w

g —a ubgroup 3

Operating Frequency 4.2.6.7 f0 9 11 GHz

Power Output 4.2.6.6 P0 3.5 --- W—cw
Conversion Eff iciency 4 . 2 .6 . 5  20.0 — — —  %

Junction Temperature 4.2.6.9 T~ ——— 200 °C

Operating Curren t 4016 1
0 ——— 400 rnAdc

Operating Voltage 4016 
___________  _____ 

V~ — — —  70 Vdc

ubgroup 4

Mechanical Tuning 
______  

4.2.6.3 5 ~f mech ±250 
____  

MHz

- 
- 

ubgroup 5

External Q 
______  

4.2.6.4 5 ~~~~ ____  
200 

_____

ubgroup 6

AM Noise 4.2.6.1 5 (N/S)AM —115 dB

FM Noise 
______ 

4.2.6.2 
_____ 

Af rms 
_____ 

50 H z
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TABLE II

GROUP B INSPECTIO N

MIL—STD—7 50
Examination or Test Method Details LTPD Symbol Mm Max Units

Subgroup 1

Physical Dimensions 2066 See Figure 1 7 ______ — _____

Subgroup 2

Shock 2016 Non—operating; 500G,
t = 1.0 msec., X 1,
Y 1, and Zl orienta—
tion.

Vibration, -

Variable Freq . 2056 Non-operating ; 20G , 15
50 to 200  IZ - - -

Constant Non—operating ;
Acceleration 2006 20 , 000G mm , X 1, Y1

and Z1 orientation .

Hermeticity 1071 Test Condtion H—
Traces Gas Fine Leak
(Heli um)

End point measurements ; Table I , Subgroup 3

Subgroup 3

Nuclear Radiation 4 .2 .6 .12  15
Exposure

End point measurements; Table I , Subgroup 3.

Subgroup 4

Storage Life (non— 4 .2 .6 .10  15
operating)

End point measurements; Table I, Subgroup 3

24 j-
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TABLE II
(continued)

____________________- - 

MIL—STD—750 
—

Examination or Test Method Details LTPD Symbo] n Max Units

Subgroup 5

Operating Life 4.2.6.11 30

End point : All diodes which have operated for 1000 hours minimum
per the requirements of Table III shall have a power
output of no less than 75 percent of the initial power
output.

--9

II
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Ceramic-To-Metal Microwave Diode Package
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Power Spectrum
Meter Analyzer

20 dB 
_ _ _ _ _Coupler

I Slide~ Adj.
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1 
Circuit

Power [ Current
Supp9 Regulator Ammeter 1 J Voltmeter

Figure 2(a) Test System Block Diagram
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Figure 2(b) Test Cavity

Figure 2 RF Test Measurement System
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Figure 3 AM-FM Noise Measurement System
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1.0 SCOPE

1.1. Scope — This specification covers the detailed requi~ementsfor high—efficiency , high power gallium—arsenide Read—type
- 

- IMPATT diodes.

1.2 Absolute Maximum Ratings - TA 
= 25°C unless otherwise

specified.

1.2.1 Storage Temperature Range: —65 C to +2000C

1.2.2 Operating Ambient Temperature Range : -40°C to +650C

1.2.3 Maximum Junction Temperature : 225 °C

1.2.4 Operating Voltage : 60 Vdc

1.2.5 Operating Current: 400 mA dc

2.0 APPLICABLE DOCUMENTS

2.1 The following documents, of the issue in effect on the date
of invitation for bids or request for proposal, form a part

- —) of the specification to the extent specified herein.~
SPEC IFICATIONS

MILITARY

MIL—S—19500 Semiconductor Devices, General Specification
for

STANDA.RDS

MILITARY

MIL—STD—750 Test Methods for Semiconductor Devices

MIL—STD—13l1 Test Methods for Electron Tubes

3.0 REQUIREMENTS

3.1 Detail Re~ uirements — The individual item requirements
shall be in accordance with M IL — S— l 9500 , and as speci-
fied herein. In the event of any conflict, the require-
ments of this specification shall govern.
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3.2 Abbreviations and Symbols — The abbreviations and symbols
• used herein are defined in MIL—S—l9500 and as follows:

Qext = external quality factor of diode oscillator.
3.3 Design and Construction - The diodes shall be made by

epitaxial growtn of Read-type profiles. The diode shall
Consist of a single mesa , single chip mounted in a
ceramic-to—metal microwave package.

3.3.1 Physical Dimensions - The package shall be gold plated
and hermetically sealed. Physical dimensions of the
package shall be as shown in Figure 1. Package char-
acteristics shall be:

Cc = Case Capacitance = 0.30 pf nominal

Lc = Case Inductance = 0.40 nb nominal

3.4 Performance Characteristics — The diode performance
characteristics , whi ie  operating as oscillators, shall

- 
- j  be as specified in Tables I and II and as listed below.

j  The performance characteristics shall apply over the
specified ambient ocerating temperature range unless
otherwise specified. -

—9
3.4.1 Test Circuit — The test circuit shown in Figure 2

shall be used to verify the performance characteristics
as specified in Tables I and II.

3.4.2 Operating Position — The diode shall be capable of
proper operation in any position.

3.5 Mechanical Tuning - The RF output power shall not decrease
Felow the specified value. The frequency and power shall

-
‘ vary smoothly with no steps or jumps (see 4.2.6.3).

3.6 External 0 - The external quality factor , 0ext’ of the-

~~~ 
diode oscillator shall not be more than 200 (see
4 . 2 . 6 . 4 ) .

3.7 Process Conditioning — All units shall be process condi—
tioned before they are subjected to the tests and
examinations defined in Tables I and II.

3.8 Interchangeability - All parts having the same manu—
facturer ’s part number shall be directly and completely
interchangeable with each other with respect to
installation and performance within the requirements
of this specification.
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3.9 Marking - Shall be permanent and legible in accordance
with MIL—S—l9500 and shall include the following:
part number , lot identification code and the manu-
facturer ’s name or symbol. Marking may appear on the
unit container.

4.0 QUALITY ASSURANCE PROVISION S

4.1 Sampling and inspection shall be in accordance with
MIL—S—l9500, and as specified herein.

4 .2  Quality Conformance Inspection

4.2.1 Inspection Lot - An inspection lot shall consist of
that quantity of devices which the manufacturer
processes through the quality conformance inspec-
tion at one time .

4.2.2 Group A , Table I - Each inspection lot shall be-I subjected to the guality conformance examination
as specified in Table I. Defective units shall be
removed and noted by subgroups. If a given sub-
group has failures in excess of the stated LTPD ~ofthat subgroup , the entire inspection lot shall be
rejected.

4.2.3 Group B, Table II — Sampling acceptance inspection
shall be in accordance with Appendix C of MIL—S—
19500. Subgroup defects in excess of the stated
LTPD in Table II shall cause the entire inspection
lot to be rejected. Sample for Group B testing
shall be selected from a previously acceptable
Group A lot. A composite summary of all Group B
test data shall accompany each lot shipped.

4 . 2 . 4  Specified LTPD for SubgrouD — The LTPD specified in
Tables I, II , and I I I  herein shall apply to al l
the tests combined in the individual subgroup.

4.2.5 Process—Conditioniric - Testing and Screening — Process
conditioning and testing and screening shall be in
accordance with this document and perforr-ed in the
exact sequence shown . Process—conditioning shall be
conducted on 100 percent of the lot prior to sub-
mission of the lot to quality conformance inspection.

4.2.5.1 Hermetic Seal (Gross Leak) Test — All devices shall
be tested for gross leaks in accordance with MIL—
STD— 750 , Method 1071 , Test Conditions D or F.

32

102741 (4.72) VEL l UM PAINTED IN U.S.*



~ 
:~ ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ _i .-

~~
.
~~

__ 
- —

• -if -

~~~ ~~~~~~~~~~~~~ 1 CODE IDENT NO. SPEC NO.

RAYT9~ON I RAYTHEON COMPANY 892352
I L E X I N G T O N .  M A S S .  0 2 1 7 3  . 4 9 9 5 6  

~~ 

SHEET~~3 
I

REV 0

4.2.5.2 High Temperature Storage — All diodes will be stored ,
non—operating, under the following conditions:

(a) Junction Temperature : 225 °C max.
200°C m m .

(b) Storage Time : 168 hours m m .

4 .2 .6  Methods of Examination and Test - Methods or examination
and test shall be as specified in Tables I and II and
as follows:

4.2.6.1 AM Noise - An AM noise measurement system as shown
schematically in Figure 3 shall be used to determine
the AM noise to signal ratio. The AM noise spectrum
shall be measured continuously from 10 KHz to 100 KHz
from the carrier as a minimum and recorded by an X—Y
recorder . Noise measurements shall be performed
while the diode oscillator is meeting the operating
requirements in Table I , Subgroup 3.

4.2.6.2 FM Noise - An FM noise measurement system as shown
schematically in Figure 3 shall be used to determine
FM noise deviation. The FM nois e spectrum shall be
measured continuously f rom 10 KHz to 100 KHz from
the carrier as a mininuin and recorded by an X-Y
recorder. Noise measurement shall be performed while
the diode oscillator ..s meeting the operating require—
inents in Table I, Subgroup ~ .

4.2.6 .3  Mechanical Tuning — T~.e oscillator unit will be
mechanically tuned over the required frequency range
of ±250 MHz from operating frequency.

4.2.6.4 External Q - The external quality factor , Qext, of the
diode oscillator shall be determined by standard
injection locking techniques. A small locking signal
shall be injected into the diode oscillator for measure-
ment of locking bandwidth as a function of injected
power.

4.2.6.5 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
mathematical formulations:

Power Efficiency (Pr-DC) = 
Power Output (Pr) X 100
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4.2.6.6 Pr Output Power - PP output power of diodes operating
as oscillators shall be measured at operating frequency
in accordance with Method 4250, MIL-STD—1 3 1l usir~g a
calibrated thermistor and power meter.

4.2.6.7 Oscillator Frequency - Frequency of diodes operating
as oscillators shall be determined with a spectrum
analyzer and verified with a calibrated frequency
meter.

4.2.6.8 Thermal Resistance - The junction temperature shall be
determined as follows: The breakdown voltage of the0
diode shall be measured at 40°C intervals between 20 C
and 200°C in accordance with Method 4021 of MIL-STD-
750. The breakdown voltage shall be that voltage
corresponding to a reverse current of 1 mA. The diode
shall then be biased under pulsed conditicn in a lossy
circuit to suppress cscillations , thu s making input
power equivalent to dissipated power. Pulse width
shall be sufficient (about 1 msec ) for the diode to
reach thermal equilibrium . The diode shall then be
pulsed down to a current of 1 mA and breakdown voltage
shall be measurea . The pulse down duration shall be
short (several microseconds) to prevent cooling of the

1 ..-4 diode. From this data, thermal resistance of the diode —

shall be determined .

4 . 2 . 6 . 9  Junction Ternoerature - The thermal resistance of the
device shall be r~easured in accordance with 4.2.6.8.The junction temperature shall be calculated as follows:

= PD x Rth

where: 
~D 

= power dissipated = (V0) (Ia) — P
0

The symbols are as specified in Table I.

4.2.6.10 Storage Life (Non—O ~ eratinq) — The diodes shall be
stored at an anhieri c temperature of 200 C ±3°C for

. 
1000 hours minimum. These diodes shall be selected
randomly from diodes which have undergone process
conditioning and have successfully passed all Group A
inspections. Upon completion of storage, the diodes
shall be subjected to the following tests described
in Table I, Subgroup 3. 

-

4.2.6.11 Qperating Life - The diodes shall be tested under
operating conditions in accordance with Table I,
Subgroup 3 for 1000 hours minimum. Power output shall
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be monitored continuously. The diodes subjected to the
operating life test shall be selected randomly from
diodes which have undergone process conditioning ; and
have successfully passed all Group A inspections. 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 75°C during this test.

4.2.6.12 Nuclear Radiation Exposure — Devices will be exposed to
- - - the neutron level specified below over a time period not

to exceed five (5) minutes. This exposure will be
conducted with the devices in a non-operating , non-
biased condition and at a temperature not to exceed 4 0°C.
Devic8s shall not experience temperatures in excess
of 40 C prior to evaluation testing. Evaluation will
be conducted in such a manner that rio device will be
operated for more than two (2) minutes prior to
completion of the subgroup tests. These precautions
are necessary to reduce the effects of high temperature
annealing of the radiation induced damage.

1013n/cm2, 1 MeV equivalent (Si)

rads (Si) gamma

5.0 PREPARATION FOR DELIVERY

5.1 Preparation for Del ivery - Packaging and marking shall be in
accordance with MIL-S-19500.

ii
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TABLE I

GROUP A INSPECTION

T
A 

= 25 ±3°C unless otherwise specified.

MIL—STD—750
Examination or Test Method Details LTPD Symbol Mm Max Units

Subgroup 1

Visual & Mechanical 2071 7 ——
Examination 

______ ___________ _____

;ubgroup 2

Breakdown Voltage 4021 ‘R = 1.0 mA BV 16 32 Vdc

Capacitance 4102 f = 1 mHz 5 CTVR 1.6 2 . 4  pf
VR= 2 S Vdc

Thermal Resistance 
______  

4.2.6.8 
_____  

R~h 
___ 2 2 . 0

4 ubgroup 3

~~ Operating Frequency 4 . 2 . 6 . 7  f 0 14 16 GH z

Power Output 4.2.6.6 P0 2.5 —-- W—CW

5 -

Conversion Eff ic iency 4 . 2 . 6 . 5  r~ 20 .0  —— —
Junction Temperature 4 . 2 . 6 . 9  Tj ——— 200 °C

Operating Current 40 16 10 — —— 500 mAdc

Operating Voltage 4016 ___________ _____ 
V~ ——— 60 Vdc

ubgroup 4

Mechanical Tunin g 
____ — 

4.2.6.3 5 Af inech ±250 
____  

MHz

ubgroup 5

4 External Q 
______ 

4.2.6.4 5 ~~~~ _____ 
200

ubgroup 6

AM Noise 4 .2 .6 .1  5 (N/ S)A .M —115 dB

FM Noise 
______ 

4 . 2 .6 . 2 
_____ ~f rms 

_____ 
50 H z
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TABLE II

GROUP B INSPECTION

MIL—STD—750
Examination or Test Method Details LTPD Svmbo]J Mm Max Units

Subgroup 1

Physical Dimensions 2066 See Figure 1 7 
______ ____ _____

Subgroup 2

Shock 2016 Non-operating; SOOG ,
t = 1.0 msec., X1,
Y1, and ZI orienta-
tion .

Vibration,

‘ 

Variable F.req. 2056 Non-operating ; 20G, 15
5O to 200 Hz

Constant Non-operating;
Acceleration 2006 20,000G mm , X1, Y1

and Zj orientation .

Hermeticity 1071. Test Condtion H-
. Traces Gas Fine Leak

(Helium)

End point measurements; Table I, Subgroup 3

Subgroup 3 

—

Nuclear Radiation 4 .2 .6 .12  15
Exposur~

End point measurements; Table I , Subgroup 3.

Subgroup 4

Storage Life (non— 4.2.6.10 15
operating)

End point measurements; Table I , Subgroup 3
I I ____ _____  _____
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TABLE II
(continued)

I MIL—STD—750 
— —

Examination or Test~ Method Details LTPD Svrnbo~ Mm Max Units

Subgroup S

Operating Life 4.2.6.1]. 30

End point : All diodes which have operated for 1000 hours minimum
per the requirements of Table III shall have a power
output of no less than 75 percent of the initial power

- 
output.
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Figure 2(a) Test System Block Diagram
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Figure 2 RF Test Measurement System
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2 . 0  NARRATIVE PROCESS DESCRIPTION

2.1 Effect of Process Upon Diode Parameters

It was pointed out that the critical parameter of the

wafer which controls the operating frequency of the device is the
drif t  zone width. For a Read diode this is approximately equal

to the total depletion depth, XD. The tolerance on XD is
established by the tolerance on operating frequency which then
determines the allowed variations in the parameter Xi,, ~E and
the drift layer doping nD. Having established an optimum set of

characteristIcs for a wafer subsequent to growth, they are then

subject to modification during further diode processing. The

dimension X~~, for example, is decreased during wafer metallization
by reaction of the Schottky metal and the surface gallium arsenide.

This effect has an influence upon diode performance which is the

result of process control. This and similar effects were

examined during the course of the program. A large part of the

effort on the program was, therefore , process related. The

major effort was to define the process which gave the best

performance and to control the tolerances for improved repro-
ducibility of parameters and for better yield.

A narrative description of the process is given in
this section of the report. Results of process development work

are included in the following section. Detailed process specifi-

cations and drawings are included in Section II.

2 .2  Fabrication of LHL Read Wafers

2.2.1 Introduction

The LHL Read wafers used for this program were
produced by the epitaxial deposition of suitably doped gallium

42
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arsenide layers upon a highly conducting gallium arsenide single

crystal substrate. The major steps used to fabricate the wafers

are: (1) substrate receipt and qualification, (2) substrate
preparation, (3) reactor preparation , (4 )  reactor loading , (5)
epitaxial deposition , (6) reactor unloading and clean-up, (7)

wafer qualification, and (8) packaging and transfer. Each of

these steps will be discussed in the sections which follow.

2.2.2 Substrate Receipt and Qualification

2 . 2 .2 . 1  Substrate Specifications

The substrate serves as the mechanical support
upon which the active layers of the wafers are grown. Its

characteristics, however , are very important to the yield of
useful wafers. The crystallographic orientation of the sub—

strate, for example, strongly influeces the growth rates and

dopant incorporation of the epitaxial layers grown upon it. Thus,

the reproducibility of the three most important wafer parameters,

X~ ,, Q, and 
~D’ are all strongly dependent upon the crystallo-

graphic orientation of the substrate. Defects such as disloca-

tions, strains , and precipitates in the substrate, propagate
into the epitaxial layers during growth and result in reduced

device yield. Even more importantly they interfere with device

manufacturing processes, especially with the various thinning

and etching steps. Thus, even though the substrates are totally

removed in chip manufacture, the substrates must be carefully

selected and processed prior to epitaxial growth.

Slices cut from highly doped single crystal
boules of gallium arsenide are used as substrates for epitaxial
growth. Highly conducting crystals with an n-type dopant are
used for Read IMPATT devices. Dopants which might be selected

are selenium, tellurium, silicon, and tin. Tellurium was selected
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as the dopant for substrates because its large out-diffusion
minimizes the occurrence of insulating layers.

The specifications listed in Table 2-1 were
established to satisfy these considerations within the limita-
tions of cost anct availability.

2 . 2 .2 . 2  Boule Qualification

Raw substrates are procured as slices from a
single crystal boule. At least forty slices, sequentially
sliced and numbered, meeting the substrate specifications must
be delivered from each boule to be acceptable. The following

data must be supplied by the vendor with each shipment: boule

number, slice number , electrical characteristics and etch pit
density of the first and last slice shipped from each boule,

total usable weight of the slices, and approximate dimensions of

the average usable slice obtainable from the boule.

Upon receipt at Raytheon, the first and last

slices from each boule are subjected to the following tests

prior to boule acceptance:

a. Macroscopic Examination. The surface of each

slice is examined to determine the quality of
the sawing job. Poor slicing results in mis—

orientation , or excessive crystallographic
damage which eannot be eliminated in successive
processing steps, and invariably manifests
itself in poor epitaxial wafer or diode yield.
Damage can often be detected by simple visual
examination.

b. Microscopic Examination. A section is cleaved

ii
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Table 2-1

Specifications for Tellurium Doped GaAs S1ice~

MIN

Measured Donor 1 x 1O~~ cm 3 2 x io18 cm 3

Concentration

Electrical resistivity Not Spec. 0.002 S2cm

Etch pit density Not Spec. 10,000 cm 2

Orientation angle of 1.5° 2.5°
<100> towards <110>

- 
- Thickness 0.381 mm ( . 4 0 6  mm

Size * — Standard 2.1 x 2.1 cm I’ot Spec .
Large 3.5 x 3.5 cm !‘ot Spec .

Crystallinity - single
with no twins

Precipitates - dimensions Not Spec. 1 pm
-
~~~~ 2Precipitates — density Not Spec. 100 cm

Strains None hone

Saw damage ( into Not Spec. 4 pm
crystal lattice)

Texture - saw damage Not Spec. 1.5 pm

Mosaic None None

* Slice must yield square <110> edges with specifiad size.
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from each slice , and the cleaved edge etched
for 30 seconds under a strong light in 7:2:1

sulfuric acid:hydrogen peroxide:water etchant

at room temperature. After rinsing and drying,
the cleaved edge is examined at high magnif i-

• cation. Precipitates, etch pits, and residual
strain can be evaluated quantitatively by this

test. Boules not meeting minimum requirements

are rejected without further tests. Etch pit

density is measured by counting several known

areas after etching with either AB etch or

molten KOH .

C. Orientation. The vendor’s orientation measure-

ments are confirmed by Laue X—ray patterns upon

a slice chemically polished by immersion in an

ultrasonically agitated 7:2:1 sulfuric :peroxide:

water solution at room temperature.

a. Anomolous X—Ray Transmission. A quantitative

estimate of the dislocations and amount of strain

present in a slice is obtained by measuring the

X—ray transmission of a slice positioned so as to

give maximum transmission for an orientation near
the <220> plane . Maximum transmission of the

incident beam is obtained with a crystalline slice

nearly free of dislocations , imperfections , pre-
cipitates, or strain . Inhomogeneities in the

slices are detected by moving the crystal relative

to the beam limiting aperture, and noting van-
ations in the anomolous X—ray transmission.

e. Electrical Measurements. D.C. Hall samples are

prepared from each slice by forming an ohmic contact
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at each corner of a small square sample cleaved
from the slice. The doping, resistivity, and
mobility of the sample is measured by the
van den Pauw method while the sample is immersed

• In liquid nitrogen . In addition, the doping

may be determined by the wavelength at which
maximum absorption occurs in the infrared.

f. Dimensional Tolerances. Conformance to dimensional

tolerances are determined by measurement of
several sample slices from each lot. Thickness,

bow , and taper are measured using a precision
non-contacting gauge.

(4 
~~. Polish and Etch. The final step in boule qual-

if ication is to subject a sample slice to normal

polish, etch , and growth procedures. The surface

of the slice is inspected for defects after

growth. Defective substrates usually yield

epitaxial layers with excessive surface defects.
Residual strains and precipitates which inter-

fere with fracture along the normal <110> planes,

can be detected by the d i f f i cu l ty  observed in

- 

- cleaving of test strips. Lattice defects are

revealed by anomalous etch pits.

h. Boule Acceptance. If the results of all tests
are satisfactory, the boule is accepted. Upon

acceptance , 10% of the lot is reserved for
process verification tests ; the remaining 90%

are sent to production processing.
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2.2.3 Substrate Preparation

2.2.3.1 Wafer Cleaning

Wafers sent to production processing are first
sent through an extensive cleaning procedure to remove abrasives ,

and contaminants introduced during the slicing. Cleaning con-

sists of multiple rinses in trichlorethylene , acetone, alcohol,
and filtered , distilled , de-ionised water, followed by an
ultrasonic etch in a sulfuric acid:hydrogen peroxide:water
solution in a teflon container. The residual acid solutions

are removed by multiple rinse in de-ionized water, followed by
drying with a jet of filtered nitrogen. Care is taken to preserve

the serial number of each slice.

2 . 2 . 3 . 2  Prepolish Inspection

After cleaning, the wafers are individually
measured using a precision noncontacting gauge for thickness,
bow , and taper.

2.2.3.3 Sizing

In preparation for polishing , the slices are
• individually cut to fit the reactor substrate holder. Cutting

is generally done by cleaving so that the four edges of the

wafer follow the <110> crystallographic planes. Three standard
wafer sizes are in use at Raytheon. These are: small 2.2 x 2.2

cm, intermediate 3.0 x 3.0 cm , and large 3.8 x 3.8 cm.

— 2 . 2 . 3 . 4  Mount, Polish, Dismount

Wafers are hot mounted on an optically flat

fused silica disc using purified beeswax. Prior to polishing ,

excess wax is removed from the wafer surface using a cotton
swab wet with hot trichlorethylene .
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Polishing is carried out on a Unipol machine
using a pellon pad and a dilute solution of bromine in methanol.
Polishing is continued until the wafers have a mirror finish
and contactless measurement indicates that the final  thickness
is within specifications.

• • After polishing, the wafers are dismounted by
heating and then the mounting wax is removed by several rinses
in hot trichlorethylene . The wafers are stored in individual
containers , identified by boule and wafer serial numbers.

2 . 2 . 3 . 5  Post Polish Inspection

Polished wafers are individually inspected under

a strong light for surface blemishes, such as excessive texture,
pits, scratches , or stains. Conformance to thickness, bow, and

taper specifications are determined using a contactiess gauge .
Those that conform are stored under f i ltered dry nitrogen until
needed for growth.

2 . 2 . 4  Epitaxial Deposition

2 . 2 .4 . 1  The Epitaxial Reactor

The LHL Read wafers used for this program were

produced by the epitaxial growth of suitably doped gallium

arsenide upon a highly conducting gallium arsenide single crystal
substrate. Vapor phase reactors constructed at Raytheon prior to

the initiation of this program were used to grow these layers. A

photograph of the wafer production area showing several of these
reactors is shown in Figure 2—1. The reactors use the well-known
arsenic trichloride, hydrogen, gallium growth process. Using this

process , high purity gallium-arsenide layers can be deposited
with reproducible doping levels and thickness upon suitably
oriented substrates.

- - -
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Figure 2—1 Epitaxial Wafer Production Area
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Each reactor shown schematically in Figure 2-2
• is comprised of an epitaxial growth tube constructed of high

purity fused silica, a six—zone furnace, and a gas handling
system. It is provided with precise controls stabilized with

feedback amplifiers and a deposition programmer to provide the
reproducibility to make the growth of Read wafers feasible.

The furnace is mounted on tracks and can be moved

longitudinally. This feature is important because it allows

daily etching of the reactor tube to remove deposits from the wall.

Six independently—controlled temperature zones are provided to

allow rapid changes to be made in the temperature profile of the
reactor.

The gas handling system is housed in a nitrogen-
flushed plastic box to prevent contamination from minor leaks
to the ambient atmosphere. Servo—controlled feedback flow

controllers are used to maintain and adjust all gas flows. The

gas flows are directed by two and three-way solenoid valves.

Two arsenic trichloride bubblers are provided ; one for the etch

and one for growth. Each set of bubblers is provided with its

own temperature controller. All hydrogen used in the reactor is
- • purified by diffusion through palladium membranes.

A deposition programmer controls the reactor.

Multiple time cycles and controlled functions are preprogrammed
for each growth run. The programmer activates the multiple

• solenoids in correct sequence, controls the various dopant and

hydrogen servo—flow controllers, and varies the arsenic trichioride
mole fraction. Any function or cycle can be reprogrammed at will

between runs without altering the remaining program.
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2.2.4.2 Pregrowth Reactor Preparation

All removable silica ware of the reactor down-
stream of the substrate is cleaned between epitaxial growth runs

-~ - 
by soaking in freshly prepared high purity aqua regia in clean
silica containers. Generally the soak is for about 20 minutes
duration, and is followed by thorough rinsing in ultrapure water ,
and air drying in a laminar flow bench. Every few runs the
silica ware is precleaned in dilute hydrofluoric acid to remove
deposits which resist solution by aqua regia. All reagents used
are of electronic grade or better , and all lot numbers are
recorded with data, container number, and epitaxial deposition
number for traceabili ty

Deposits on parts of the reactor upstream of the
wafer are cleaned , usually between each growth run, by hot
vapor etching in situ. To accomplish this, the affected parts

of the reactor are heated to a temperature between 800°C and

8500C; then H2 saturated with AsCl3 is admitted through the etch

tube. Usually, 30 minutes of vapor etching suffice to clean the

silica ware completely.

Prior to loading the wafer, the vent lines and

oil bubblers are cleaned and the latter refilled with fresh
silicone oil. A clean downstream tube liner is inserted, and

a clean wafer holder and end cap are used. At the time of wafer

loading , the movable furnace is preheating in the upstream
standby position .

2 . 2 .4 . 3  Substrate Loading

Just prior to loading, selected substrates are
removed from storage, heated in polar and non-polar solvents ,
etched briefly in a moving sulfuric-peroxide etch , and rinsed
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repeatedly in very pure water (15 mega—ohms or greater). Finally,

they are centrifuged dry in filtered nitrogen , immediately placed
in the substrate holder , and loaded into the reactor in the pre-
growth position. Loading is carried out in a laminar flow bench

to prevent contamination by ambient dust.

2.2.4.4 Deposition

After loading , it is necessary to purge the
reactor of all gases admitted while the reactor tube was open
to the atmosphere. This is accomplished by flushing with

purified hydrogen for 30 to 60 minutes.

After purging, the furnace is moved to the growth
position. It is precisely positioned using a knife-edge
pointer referenced to a fixed scale. During the thermal stabi-

lIzation period, the automatic deposition control is programmed
to yield the desired wafer preheat time, source presaturation
and wafer vapor etch, buffer thickness and doping, and active
layer thickness and doping, based on measurements of the preceding
growth run . Checks are made to see that all automatic controls,
such as AsCl3 bubbler circulator temperature , furnace zone
temperature controls , and reactant flow controls , are correctly
set and functioning.

2.2.5 Wafer Qualification

2 .2 .5 . 1  Introduction

Each wafer af ter deposition must pass rigorous
qualification standards prior to being manufactured into chips.
Wafers not meeting these standards are unlikely to produce diodes
meeting the requirements of this program and are rejected for

this application.
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2 .2 .5 .2  Characterization Sample

Immediately after the wafer is unloaded from
the reactor , a-small characterization piece is cleaved off
from the right-hand edge of the wafer as it faces the vapor
stream during deposition . In addition to providing a

• characterization sample which can be destructively evaluated ,

the cleaved edge unmistakably orients the wafer in subsequent

processing steps so that systematic trends which affect  yield
can be identified and corrected . The main portion of the wafer
is sent for surface quality inspection and measurement of the
mechanical dimensions prior to packaging and storage.

2 . 2 . 5 . 3  Layer Thickness Measurements

A small piece of the characterization sample
is removed and used for layer thickness measurement. A freshly

cleaved edge is etch stained for a few seconds using an
• aqueous solution of potassium ferricyanide and potassium

hydroxide, followed immediately by D.I .  water rinses and
nitrogen drying. The cleaved edge is mounted under a high

power microscope whereupon the epitaxial layers are plainly

• visible and can be measured by a calibrated image shearing eye-
- 

I :  piece .

This measurement is made as soon as possible

after unloading the wafer so that the data obtained can be

used to guide the Schottky etch steps as well as to correct
the deposition program for the next run in that reactor .

2.2.5.4 Schottky Photolithograp~~and Etching

The doping profile for Read wafers is determined
.

- from measurements on Schottky—barrier diodes formed on the

remainder of the characterization piece. By changing the reverse
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bias voltage on the diode, while simultaneously measuring the
capacitance and change in capacitance, we deduce the free
carrier concentration through the epitaxial layer.

Surface breakdown limits the depth which can be

profiled . Therefore , a deep profile is synthesized by joining

• several partial profiles together. Each partial profile is

obtained from Schottky diodes on adjacent areas, each etched a

slightly different depth from the others (Figure 2-3). This

is facilitated by a special etch mask used to define i.he etch
steps photolithographically. The sample consists of :~everal
arrays of eight 0.125 cm adjacent squares, each of which are
etched to different depths . After rinsing and a brief post-
bake , the sample is ready for metallization.

• 2.2.5.5 Schottky Metallization and Lift-Off

7 Schottky metallization is carried out by the
sequential evaporation of aluminum and gold in a vacuum bell

jar. TypIcally, 0.2 pm of aluminum are applied followed by 0.02

pm of gold. The gold is used to minimize surface oxidation of

the aluminum upon exposure to air , making electrical contact
I during measurement more reliable .

After metallization , the sample is removed from
the bell jar and immersed in acetone , which is ultrasonically

-if agitated. The acetone swells and dissolves the undeveloped resist

under the metallization which eventually floats away leaving a
metallized pattern which exactly corresponds to the Schottky mask.

2.2.5.6 Electrical Characterization

The doping profile is determined for :he Schottky
diodes just described by changing the reverse bias voLtage while
simultaneously measuring the capacitance and change i~i capacitance.
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S
Figure 2—3 Characterization Sample (magnified approximately

8X) showing array of eight Schottky diodes, each
centered in a square etched to a different depth.
Each diode is 0.400 mm in diameter.
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This is accomplished by using an automatic profiler constructed

at Raytheon. A deep profile is synthesized by joining several

partial profiles together. Special care is taken to ensure

that the size of all diodes is identical because the precentage
error in the doping measurement approximates four times the

percentage error in the diode diameter. Spike depth (X
v
) is

• also determined from these measurements.

The integrated charge in the spike (Q) is
determined from these same measurements by summing the product

of the capacitance and the incremental bias voltage multiplied

by an appropriate constant between limits defined by the spike.

- 
• V~ is a useful electrical parameter for LHL Read

wafers and diodes. The capacitance versus voltage plot of a

planar Schottky barrier device on a typical Read profile wafer

is given in Figure 3—1. The voltage interval within which is

small corresponds to the same interval required to deplete the
free carriers from the doping spike. Likewise, the transition

to a significantly higher corresponds to the edge of the

carrier depletion region entering the transit layer. We have

designated the intersection of the transit region C-V asymptote

and the spike C-V asymptote as V~ . We have found that V* is a

function of both X~ and Q, two of the three critical device

parameters and V~ is independent of device area. Therefore, this

easily measured parameter is an indicator of device performance

from the wafer to finished diode levels of device manufacture .

2.2.5.7 Surface Inspection

The surface texture of a GaAs epitaxial wafer is
very important in determining the performance of the microwave

• devices made from it. An uneven surface, for example , is Un-
suitable for very precise photo].ithography. Uneven surfaces

- 
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usually correlate with nonuniform active epitaxial layer thick-

• ness, which is important to field uniformity as well as transit
time. Rough surfaces are particularly deleterious to Read

avalanche transit—time wafers since they lead to nonuniform
field distribution and consequently to “soft” breakdowns and

- -. poor power-handling capability.

All wafers are inspected after growth ~or surf ace
appearance. Macroexamination under a bright lamp, as well as

niicroexamination under an interference microscope , are routine.
Surfaces are evaluated on a scale of 1 through 5 using the

following criteria:

a. Excellent quality with no visible defects.

b. Very good quality with a few minor defects.

c. Good quality with over 80% of the area usable.

d. Unacceptable poor quality with 30 to 80% of
area usable.

e. Very poor quality with less than 30% of area
usable.

The types of blemishes which are cause for rejection are: pits
• 

~~. (large and small), stains, scratches, mounds, haze , or a very
rough texture.

r
2 .2 .5 .8  Physical Dimensions

• The thickness and uniformity in thickness of each

wafer is measured as part of the wafer inspection. This thick—
ness and its uniformity are parameters of great importance in
facilitating economical wafer processing in subsequent dice fabri-
cation steps. Thickness and uniformity of thickness over the
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wafer , as well as bow and taper , are measured using a precision
noncontacting gauge to avoid contamination or damage. All
handling is carried out in a clean room in a laminar flow bench
to avoid contamination with ambient aerosols and particulate
matter.

In addition, the width and length of each wafer
is measured in centimeters using a simple scale.

2.2.5.9 Packaging and Transfer

The measured characteristics of all wafers are
• compared to the wafer specifications. All wafers which qualify

are packaged in cushioned boxes, and sealed hermetically in
mylar bags to prevent damage during transfer and storage.

Quality assurance documents are prepared for each
qualified wafer listing its measured characteristics. Copies of
these documents are transferred with the wafer to the dice fabri—
cation area.

2.3 Fabrication of Plated Heat Sink Read Dice

2.3.1 Introduction

The dice fabrication procedure is based upon methods
previously demonstrated at Raytheon. The present procedurer includes several innovations added during this program to result
in significant process simplification, yield , or performance improve-
ments.

2.3.2 Receipt of Wafers

As a f i r st step in the e f fo r t , the wafer is sub-
• mitted to incoming inspection . This simply consists of an inspection

‘
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of data submitted with the wafer to assure conformance to the

specification. A careful visual examination is also performed
to assure good wafer surface quality. The wafers utilized on

the program were generally outstanding in surface quality. Some

few wafers which had a slight haze were accepted and processed ,
but no detectable performance degradation was observed in the

devices assembled from these wafers.

A routing card is initiated to direct the wafer

through the dice fabrication sequence of operations. This

serves also as a record of processing detail information. Each

diode delivered is completely traceable with this system through

the entire manufacturing process.

2.3.3 Wafer Clean~~~ =

The wafers are cleaned in order to remove all

traces of foreign impurities. Each wafer is then subjected to

-
- 

- a thorough microscopic inspection immediately prior to loading

Into the sputtering system. Should any trace of stain or

particulate matter be noticeable under 40X magnification , the

wafer is subjected to additional cleaning steps until no visible

impurities are present. This painstaking procedure has been

found to be necessary in order to insure the high quality Schottky-

barriers required for high power IMPATT device operation.

Schottky barriers deposited on GaAs cleaned by the above process

have been shown to be characterized by excellent adhesion, and

exhibit imperfection-free, mirror-like metal surfaces.

• 2.3.4 Schottky Barrier Metallization

The metallization process is based on the use of
a metal layer which prevents diffusion of the gold heat sink

metal into the Schottky-barrier metal. The configuration is

61 ‘
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schematically illustrated in Figure 24. Immediately after clean-

ing and inspection, the GaAs wafers are loaded into the sputtering

system (NRC Model 8802). Three metals are sputtered onto the

epitaxial GaAs surface. The first, platinum, forms the Schottky

- 
- barrier, while the second metal, Ti, forms a metal diffusion

barrier. This is necessary in order to prevent the gold plated

heat sink metal from rapidly diffusing through the thin Pt and

into the GaAs material at even moderate (2500C) temperatures. A

technique using titanium as a gold—diffusion barrier metal has
been developed at Raytheon and proven to yield high performance

devices. Following the deposition of Ti on the Pt, a final film

of gold is sputtered over the Ti barrier, and the wafers are removed

from the system. A tape test is performed to check adherence of

the deposited metal. This is followed by further solvent cleaning .

2.3.5 Gold Plate and Flat Lap

- ~ • Additional gold is then plated over the sputtered

metal to protect the metallization during lapping operations. This

plated metal is nominally 0.1 mil thick.

I The thickness of each wafer is then measured at
several points. A thickness profile map is thus obtained using

standard forms. Wafers meeting flatness uniformity specifications

of ±0.0001 mu are accepted for gold heat sink plating. Those not

-• meeting this specification are subjected to flatness lapping and

remeasured. The operation is repeated if necessary until the wafers
are within tolerance. Good control of flatness, pa rallelism and
nominal dimensional control is obviously critical in this process.

— Each surface of the wafers serves in turn as a reference surface
when performing thinning operations on the opposite face The

wafer yield is determined by the measure of control achieved . The
- 

- . 
diode capacitance tolerance is similarly determined by the final
degree of taper on the finished wafer.

I
.
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Figure 2-4 Schematic Drawing Illustrating the Diffusion

Barrier Schottky Netallization Scheme Used
- . for Fabricating High—Power Read—Profile I~4PATTDiodes.
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2.3.6 Heat Sink Plating

- 
- The wafer is mounted to a glass slide for heat sink

plating. In order to minimize edge buildup of the gold plated

heat sink, the mounting wax on the sides of the wafers is built up

in order to reduce the presence of sharp corners which generally
result in high electric field densities in the plating bath. A

guard electrode is then applied surrounding the wafer whose effect
is to achieve a more uniform electric field pattern in the plating
bath. Using this method , it has been shown that a minimum of edge

buildup is encountered . Taper of the plated gold has been reduced

• so that gold lap is not always necessary.

Following wafer mounting, the plated heat sink is

applied to the Schottky-barrier metal by means of electroplating

gold. An innovation which was found to reduce edge buildup and

result in a very dense gold plating is that of pulsed-plating.

Such pulsed plating is effective only if very short (less than one

millisecond) pulses are used. These pulses must be short enough

not to deplete the metal ions from the plating solution during

the on—time of the pulse. The solution reaches a new ion-

concentration equilibrium between pulses (the off—time is adjusted

to approximately 10 times the on-time). The thickness of the

plated heat sinks is held to between 2 .0  and 3.0 mils . This thick-

ness range has been found ideal for optimum wafer handling and

subsequent spray etching to form dice.

4 2.3.7 Edge Trimming and Gold Lap

Although the above procedure is designed to minimize
edge buildup, it has been found necessary to trim the edges prior

to further processing. Using a diamond—impregnated wire saw, each
edge of the wafer is removed. The distance of the cut from the

original edge is determined by the amount of buildup and is typically
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0.050”. An edge burr of gold is undesirable because it tends to

fold over the edge, overlapping the gallium arsenide which hampers
subsequent thinning.

2.3.8 Thickness Gauging

All wafers are then gauged for thickness and

uniformity. A tolerance of ±0.0001” in thickness uniformity is
required for the wafer s to be passed for further processing.
Wafers not falling within this tolerance window are mounted for

flat lapping of the gold. The thickness of each wafer is recorded

on the processing sheet.

~~~ The above-noted tolerance on thickness uniformity

must be met in order to maintain reasonable uniformity in device
areas, following the mesa etching step. A flatness tolerance

• of ±0.0001” , implies a GaAs thickness variation of ±10% for a

0.001” thick wafer. Any larger variations can be expected to
cause excessive device area nonuniforinities over a 3 cm2 wafer.

Typical flat lapping results obtained in the diode production area

at Raytheon indicate uniformities of better than ±0.00005”. If

flat lapping is required at this stage, it is carried out as

described below.

2.3.9 Gold Lap

The wafers are mounted on a stainless steel lapping

plate using mounting wax. This operation requires skilled

operators in order to prevent mishandling and to ensure flatness

of mounting to within ±0.00005” .

Flat lapping is carried out on the Speed Fam

machine using a preset time in order to avoid excessive movement

of the abrasive lapping slurry over the wafers. Flatness to
within a ±0.0001” tolerance is required at this stage since the
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lapped gold heat sink surface forms the reference plane for the later

• GaAs flat lapping operation. Following removal of the wafers from

the mounting fixture by dissolution of the mounting wax by solvents,

the wafers are subjected to a thorough cleaning process in order to
remove excess lapping grit.

2.3.10 GaAs Thin Lap

The final lapping operation involves thinning the

GaAs to a value such that mesas can be readily etched to reasonable
uniformity tolerances. Experience has shown that uniform GaAs

thickness values of 0.002 inch are manageable and at the same time

not so thin as to result in excessive cracking. The wafers are

mounted , plated heat sink side down , on stainless steel lapping

fixtures and lapping is carried out as described in the above section.

- :~ Wafers are removed from the stainless steel mounting

fixture by dissolution of the mounting wax in organic solvents.

All wafers are then thoroughly cleaned. In order to remove any

lapping compound that might remain embedded in the GaAs, each wafer
— is subjected to a brief chemical etch.

-

-

2.3.11 Grid Etch

The GaAs is thinned by lapping as described above

to a thickness of 2 mils. Lapping and etching to thinner values

often results in stress cracking of the GaAs. A grid is, therefore,

etched in the GaAs at this point, resulting in a matrix of GaAs

islands on the plated heat sink. The grid etch is performed using

- 
- standard photoresist techniques. The grid is a two mil wide line

on twenty mil center spacing. A 3-1-1 sulphuric, peroxide, water
solution is used to etch the GaAs.

Having formed the grid , the photoresist is removed

and the GaAs layer is further etched. The GaAs pads are measured

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ S 
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for thickness and the thickness is reduced to 1.0 mil. The etching
serves to remove GaAs material damaged by lapping . The final
surface is smooth.

2.3.12 Back Metallization

After the GaAs pads have been thinned , the devices
on the wafer can be probed for breakdown voltage. The information
derived on unmetallized layers is somewhat inaccurate but gives a
preview of final results and provides an accept-reject opportunity

in some situations. No wafers have been rejected at this stage

on this program.

I

The wafer is then inetallized . The procedure is the
same as the Schottky metallization described in 2.3.4. Gold is

plated to 0.1 mil as described in 2.3.5.

Using standard photolithography , the gold top layer

is etched except for a round dot which later serves as the etch
mask for mesa etch. The gold is etched with commercial conductor

etchant. The titanium is etched in HF. The platinum layer is

then removed by sputter etching.

2.3.13 Mesa Etch

Using the gold dot as an etch-resistant mask, the

GaAs is now etched . This results in an array of mesas on the wafer ,
each having a gold top contact for bonding. A photograph of a

typical mesa configuration is shown in Figure 2—5. A lO-mil

diameter etch mask is used for the X—band devices. A 7-mil etch

mask is used for the Ku-band devices.

2.3.14 Wafer Evaluation and Mapping

After mesas are etched on each wafer, evaluation of

the wafers is carried out by probing and recording data on mesas at
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Figure 2-5 Typical GaAs IMPATT Diode Mesa on a Wafer
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the intersection of every fifth column and every fifth row. A

map of each wafer is, thus, rapidly generated. This map provides
• information about the nature of the doping profile in the wafer,

as well as the quality of the wafer processing. This information
• is fed back to the materials group and, thus , provides important

feedback on epitaxial layer doping profile achievements. A com-

plete description of the total wafer evaluation process is described
in a later section of this report.

2.3.15 Spray Dicing

To generate individual diode chips from the wafer,

a novel spray dicing technique developed at Raytheon is utilized

in the production department. The method ~ wolves photolithographic

masking techniques. The wafers are placed in a special spray

dicing fixture , and a high velocity spray of gold etching solution

directed at the plated heat sink side of the wafer. The action of

this high velocity spray is such that anisotropic etching occurs

and grid lines are cut into the gold in those areas where no photo—

resist is located. A complete description of the process and a photo—

• graph of the finished chips are included in a later section of the

report.

Spray dicing completes the dice fabrication portion

of the Read diode manufacturing process. The dice are delivered

to the diode assembly area for inspection and assembly into packages.

2.4 Diode Assembly and Test

After processing of the wafer and separation into dice ,
• the resultant chips are tested and then assembled into diode

• packages. The diode configuration is shown in cross section in
Figure 1—3 .
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2.4.1 Lot Documentation

- • 

. The initial step in the diode assembly process is

• formation of the production lot and assignment of a lot number.
• The documentation process utilized for this purpose results in

each diode having a unique serial number. Traceability of the

diode through all its production steps is thereby possible.
Diodes manufactured utiliz ing this serialization system are
delivered with serial number and requested data transcribed to

the minimum individual diode container. Complete data and lot

history is retained on file.

2.4.2 Die Mounting

Die mounting is a critical operation and several

factors influence the quality of the bond between the chip and

• the package pedestal. Current diode production employs a gold-tin

solder disposed between the chip and package. The operation is

performed on a commercial die bonder which serves to position and

hold the chip with the proper applied pressure during soldering.

We have implemented the use of hot-gas bonding

as a method for bonding the chips. In the approach, the parts are
located and held in the package with a pick-up tool. The sub-
strate heater is held at a temperature below the soldering
temperature. A heated gas is then directed at the part to supply
the incremental temperature necessary to flow the solder.

2.4.3 Ribbon Bonding

Following die mounting, the parts are thoroughly
batch cleaned to remove the flux and prepare the parts for
inspection. One-hundred percent visual inspection is then performed.

The parts are inspected to several quality criteria which include
inspection of the chip which has been mounted. Typical defects
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include broken or cracked chips, stress cracks , poor metallization
and geometry or pattern defects. These defects are removed at p
thIs time to improve yield at subsequent operations and to improve
reliability. The defects are classified and inspection results

summarized on process control charts at the station. Yields at

this operation vary between 90-98% depending to a large degree upon

the quality of the chips being processed.

Contact to the top of the chip is made by thermo-

compression bonding of ribbon to the metallization pad on the

chip.

I
The procedure for ribbon installation involves two

distinct steps. One end of the ribbon is first welded to the

flange of the package. The ribbon is inserted into the package

in the desired shape and the other end is similarly welded to the

opposing side of the flange. At a separate station the ribbon is

“wedge—bonded” to the chip metallization. Two ribbons are bonded

in this manner , 900 apart.

2.4.4 Inspection

Following ribbon bonding , the parts are again
delivered to Q.C. for inspection. The parts are 100 percent

visually inspected for broken or rL ictive bonds. A sample of

visually acceptable bonds i~ r ~~= - -  -
. ~ructive pull-tested with a

bond probe. This testing rombined with the destructive testing at

setup is considered adequate to assure high quality bonding.

2.4.5 Junction Etching

After die mount and wire connecting , the junction
is generally etched to remove surface damage or contamination and ,

- 
-

~ r tailor the junction to the specification value of capacitance.
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The diodes are first tested and sorted into bins,
- I

depending upon the value of starting capacitance. Each bin is

then etched for a predetermined time depending upon the bin
• number. The testing and binning process continues until the lot

• 

- is completed. Etching is performed using a 3—1-1 solution of

J sulphuric acid, hydrogen peroxide and water.

I
Following etching, it is important that the

etchant be completely removed from the package. Thorough rinsing

is, therefore, performed in specially designed fixtures. A

vacuum bake at 17 5°C follows and the parts are passed directly

into the welding enclosure without exposure to room air.

2.4.6 Pre—Cap Inspection

After etching, but prior to final rinsing and
baking, a pre-cap inspection is performed according to

established MIL-STD—750 Method 2072. The diode is inspected

for overall workmanship and for specific quality criteria.

2.4.7 Lid Welding

Subsequent to the stabilization bake, the diode

is hermetically sealed. This operation is performed in an
enclosed chamber containing pure nitrogen at a dew point of
about -90°F.

Setup by a skilled operator is first performed and

electrode alignment is accepted by Q.C. after witnessing special
imprints made using carbon paper. Samples are then welded and

leak tested and again accepted by Q.C. Production welding then
proceeds with samples periodically pulled for leak testing to

verify that the setup has not changed .
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2 . 4 . 8  Process Conditioning

After diode assembly, process conditioning is

performed in order to stabilize the diode and remove incipient
failures. There are recognized failures which occur more

frequently than others and these tests are designed to stress

the diodes in specific modes to accelerate these “common” failures

so that they occur in test rather than in system use. V

2.4.8.1 Hermetic Seal Test

All diodes are subjected to a seal check to assure

hermeticity . It has been established that leakers causing early

system failure are gross in nature. The test performed is the

fluorocarbon test specified in MIL—STD—750 which is sensitive to

leak rates of 10~~ cc/sec. The parts are first pressurized while

immersed in a low viscosity fluorocarbon . Leakers are filled with

liquid . The parts are then immersed in a second liquid at a
temperature e:’-ceeding the boiling point of the first liquid forcing
it to expand and escape from the filled package. The bubbles

generated indicate a leaker.

2.4.8.2 Elevated Temperature Storage

This test is performed according to the specifica-
tion paragraph 4.5.4 of SCS—481. The devices are placed in

stainless steel trays and stored at a temperature within the range

of 200°C to 225°C. Temperature control is within ±3°C.

2.4.9 Final Testing

Final testing is performed in accordance with the

specification SCS-48l and the diode specifications MS—5037l and
MS—50372 shown in Section 1.3. Details of the test methods are in-

cluded in Section II in the Acceptance Test Procedure MS—50371/2—1-
ATP .
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3.0 SUMMARY OF RESULTS - WAFER AND DEVICE PRODUCTION ENGINEERING

3.1 Production Engineering of LHL Read Wafers

3.1.1 Introduction

At the outset of the engineering phase of the
program , our objectives were to improve the epi taxial gallium
arsenide Read wafer deposition and characterization procedures

to a point where the yield of usable wafers met the required

fifty percent and the per—wafer cost was reduced to a practical

value. The contract required that eighty percent of the area of

- • the wafer be usable (minimum area 3.0 cm2/wafer). The term

usable defines material which meets specifications for dislocation

density and dop ing profile and is capable of producing diode s
meeting specification SCS-481, 23 September 1974.

3.1.2 GaAs Epitaxial Wafer Specifications

The first engineering task was to define the

epitaxial wafer specifications. A large measure of the perfor-

mance of a Read IMPATT diode is built in during the growth of
the epitaxial wafer from which it is manufactured. The natural

frequency and the maximum efficiency of a Read IMPATT oscillator

is principally determined by the doping profile of the wafer from

which the diode was fabricated . Although it is true that the

device characteristics can be modified significantly during the

• diode manufacturing processes and by the test or operating circuit ,

the performance is basically limited by the epitaxial wafer char-
acteristics.

The three material characteristics most important

to Read device performance are X~ , Q, and At the outset of
the program , the optimum values and the allowable variations of

these parameters for material which would yield devices at 10 and
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15 GHz meeting specification SCS—481 were not well defined. To

determine this, six lots (half at X—band and half at Ku—band )

of three wafers each were deposited to the specifications shown

in Table 3—1 for standardized diode fabrication and test. The

measured characteristics of these wafers are shown in Table 3-2.

Three wafers of each lot were processed simultaneously to avoid

introducing the effects of process variation into the experiment.

Correlation of as—grown wafer characterization and processed wafer

data allowed empirical definition of the wafer specifications

required to meet diode performance specifications.

The measured device results obtained from these

wafers are shown in Table 3—3. From these results, and the
results of wafers and devices produced to satisfy other require-

ments of the engineering phase of the program , wafer specifications
were defined . (See Section II.) These were used for the con-

firmatory and pilot line samples.

3.1.3 Modified Profiles for Higher Efficiency

Throughout the engineering phase of the program ,

most X—band devices met every specification . Some Ku-band devices ,

however, were marginal in efficiency. Special wafers were grown

with slightly modified profiles in an attempt to improve the yield

of Ku-band devices meeting specification .

The profile changes were of two sorts: (a) the

amount of undepleted epitaxial material in the transit layer was

reduced stepwise to reduce the series resistance , and (b) punch-

through devices were made by reducing the transit layer doping and

by adding a moderately doped field termination layer located 2.5

to 3.0 micrometers from the avalanche confining spike.

Neither of these profile modifications improved the

device efficiency appreciably. For this reason , neither was in-

corporated into the final wafer specification .
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Table 3—3

Device Results for Specification Definition Wafers

VBI V0~ F

(Volts) (Volts) (Volts) (GHz) (%)

Ku Transit Doping
Wafer ~l858 control 5.7 22.1 38.0 14.9 20

81863 high doping 6.7 16.8 31.0 17.0 13
81862 low doping 6.4 18.5 35.0 15.0 17

Ku Spike Charge
Wafer 81825 control 5.5 21.3 37.0 14.3 19

81848 high Q 6.6 14.7 32.0 15.0 17
81852 low Q 4.1 29.7 44.0 13.5 18

Ku Spike Depth
Wafer 81833 control 6.3 18.0 36.0 15.0 18.5

81841 deep spike 5.2 21.5 39.0 13.5 20
81842 shallow spike

r 
X Transit Doping
Wafer 81616 control 4.8 48.0

81619 high doping 4.2 58.0
• 81621 low doping 6.2 34.0 56.0 8.1 21.5

X Spike Charge
Wafer 81893 control

81894 high Q
81897 low Q

X Spike Depth
• Wafer 81880 control

81883 deep spike
81882 shallow spike

Note: Early X-band wafers met all requirements and diode evaluation
effort was directed to Ku-band wafers. Evaluation of X-band
specification definition wafers became unnecessary .
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3.1.4 Substrate Doping Specification

4
In principle, and in practice, the substrate

resistivity should be as low as possible in order to achieve

maximum device efficiency. This is particularly important at

the higher operating frequencies. However, precipitates in the

substrates are undesirable because their resistance to che~ücal

etching interferes with etching procedures during device fabri-

cation. This defect has proven to be more critical than is dis—

location density . We have, therefore , established upper limits

for acceptable precipitate size and density.

We found , during the engineering phase, that more

highly doped substrates possessed a greater incidence of large

precipitates. Tellurium—doped substrates with a doping density
greater than 1.5 x l018cm 3 almost invariably contain excessive

numbers of large precipitates. Because of this, substrates with
18 —3doping densities between 1.0 and 1.5 x 10 cm were selected for

• 

. 
this program .

3.1.5 Dislocation Density

Dislocation density measurements were made by

counting etch pits formed by Abrahams Buiocchi etch. Although

this etch is much less satisfactory on the <100> crystallographic

orientation than on other orientations , it can be used. For

production it was found desirable to define the counting areas

~ photolithographically so that microscope magnification was not

f)ritical and counting was not dependent on operator skill.

We found that the etch pit density of substrate

and epitaxi~.1 layers was not very important to Read IMPATT device

performance or yield , provided that the maximum etch pit density

of the subst.rate was less than 10,000 per square centimeter.

-- 
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I
3.1.6 Epitaxial Layer Thickness Measurements

One of the requirements was that layer thickness
• measurements be productionized. The standard method was found

to allow adequate processing capacity and was used throughout the

program. The method adopted uses stained microsections cleaved

from the upper right—hand corner of the wafer. The thicknesses

are determined using an image shearing eyepiece on a high quality

optical microscope. The measurements are diffraction limited to

an absolute precision of about ±0.3 micrometers. For a layer
thickness of five micrometers uncertainty of ±6% is introduced in

the measurement of thickness and growth rate. The uncertainty in

identif ying the position of a gradual interface between two
differently doped layers, as well as variations introduced by the

excessive etching sometimes required to reveal layer boundaries,

is added to this. The accuracy achieved in determination of layer

thickness is adequate . Deliberate variations in layer thickness

by as much as 10% are difficult to detect in device performance.

3.1.7 Doping Profi le Measurements

Originally we measured the doping profile on the

- 
- four corners and the center of the wafer using aluminum Schottky

diodes whose dimensions were accurately defined by photolithography
-1

and liftoff. After profiling the aluminum Schottky, dots could

be removed without damage to the wafer by rinsing in 10% aqueous

buffered H.F.

Unfortunately, breakdown and leakage limited the

depth to which the sample could be profiled. This could be

tolerated for flat—profile IMPATTs, but Read wafers required

deep profiling in order to characterize them adequately for pro-

duction. A method was evolved during the engineering phase which
permitted adequate information to be obtained to qualify Read

wafers for production processing . 
- -
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A measurement sample is taken by cleaving a small

strip of f the right—hand edge of the wafer. This is step—etched

in a closely contiguous area. Planar aluminum-gold Schottky discs

are prepared by a combination of photolithography and vacuum

vapor plating. The profile is measured on our automatic profilo-

meter. Surface breakdown limits the depth which can be profiled.

-~ Therefore, the profile is synthesized by joining several partial 
[

profiles together.

The design of the characterization sample evolved

through several stages during the engineering phase. For the

first few months of the program it consisted of several arrays,

each comprised of four 0.125 x 0.125 cm close spaced squares each

etched to a different depth. Planar aluminum Schottky discs 0.040

cm in diameter were centered in each square. We occasionally

experienced difficulty in making good electrical contact to the

aluminum Schottky discs because thin oxide surface films formed

upon exposure to air. This was corrected by evaporating a thin

gold overlay over each dot.

Later , we found that four etch steps often yielded

insufficient information for Read IMPATT wafer qualification so

we expanded each array to six etch squares, still closely spaced .

Even six etch steps sometimes yielded inadequate information about

the profile , so a new mask set was designed in which each array

was comprised of eight etch squares. It was found desirable to

leave at least two squares of each array unetched so that the depth

and integrated charge of the spike could be determined unambigu-

ously.

The doping profile for Read wafers is determined

from measurements upon the planar Schottky barrier diodes of

• precisely measured area centered in the etch squares. By changing

the reverse bias voltage upon the diode , while simultaneously
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measuring the capacitance and change of capacitance, we obtain data I
from which the free carrier concentration through epitaxial

.~~ 
layer can be computed. At Raytheon, this calculation is performed

-‘ • simultaneously with the measurement by an analog computer, and

the profile is outputted on an X—Y recorder.

I
In production , it is desirable to measure the

characteristics of the spike of the LHL Read after processing into

chips and packaged diodes. Comparisons can then be made with the

original wafer data to determine consistency of wafer and processing ,

and to troubleshoot production problems. Routine doping profile

measurements on processed chips and diodes are not feasible because

of the uncertainty in their area. The percentage error in a

measured doping profile is approximately double the percentage

error in the assumed or measured diode area.

Ft
To overcome this difficulty , we defined an electri-

cal parameter, V~~, derived from the capacitance versus reverse
• bias voltage plot of a diode. Since this parameter is independent

of diode area, it can be measured upon processed chips and packaged

diodes, as well as upon the wafer characterization sample. If a

capacitance versus reverse bias voltage plot of a typical LHL Read

diode (Figure 3-1) is examined , a large voltage interval will be
- - - • dc • .found over which is small. In this voltage interval , the free

carriers are being depleted from the doping spike. Likewise, the

transition to a significantly larger ~~~~~~ corresponds to the edge

of the carrier depletion region entering the transit layer. We have

designated the intersection of the transit region C-V asymptote

and the spike C-V asymptote as V~ .

:~~~ 
The area under the capacitance versus voltage plot

is proportional to the number of charge carriers per unit area in

the depletion region. Thus, the charge, Q, in the spike can be

found from the area under the C-v plot between the capacitance
corresponding to the leading edge of the spike and the capacitance
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corresponding to the trailing edge of the spike. In wafers

• grown for this program , the leading edge of the spike is approx-
imately located at the surface of the wafer , and the trailing
edge is approx imately at the capacitance, C*, corresponding to V~.
The area under the capacitance—voltage plot can be approximated
as a rectangle with altitude ~~~, the mean capacitance, and length
V* . Thus , Q is proportional to ~ x V~ and ~ is proportional to
x .p

-
• 3.1.8 Wafer UniformitI

Data acquired in the early stages of the program
indicated that the breakdown voltage of the finished devices

• displayed considerable variation over most wafers. An example
• is shown in Figure 3—2 . The variation is particularly evident

from top to bottom of the wafer. We concluded from the preliminary

• data that the spike depth was the most critical parameter and

this can be deduced from measurements of V*. The correlation

of V* with breakdown voltage for this same wafer is shown in Figure
3—3.

The question remained, however, as to how much of
the observed variation was introduced in wafer deposition , and
how much was introduced in dice fabrication. An experimental wafer,
81869, was especially processed to determine this. The wafer,

after deposition, was metallized with evaporated platinum through

a photolithographic mask and lif tof f so as to produce an array of
planar diodes 0.007 inches in diameter spaced 0.025 inches on

center. Platinum was chosen for the metallization to be compatible

with subsequent standard diode processing techniques. V~ values
were measured upon each diode. Figure 3-4 is a map of the results

before device processing. The V* values shown in Column 9 on
the right-hand side of the wafer are those measured on the standard

0.016 inches in diameter aluminum gold planar diodes on the

characterization sample. These values are in good agreement with

those measured on the nearby platinum diodes. It should be noted
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that there is considerable top—to—bottom variation in V* measured
on this wafer.

The wafer was thereupon processed into standard

diodes in the usual way. V~ values were measured upon the finished

diodes. The results are shown in Figure 3—5. An examination

of the two figures shows that there is a reduction in the V~ value
measured in the same area of the wafer before and after device
processing. The difference in the two values for each location

on the wafer is shown in Figure 3-6. It will be noted that,

except for the very edges of the wafer, the reduction in V~ re-
sulting from dice fabrication is fairly consistent for this
particular wafer and is about 2.3 volts. We have observed from

other measurements that the reduction varies from wafer to wafer;

however , it is usually between 2.5 and 3.5 volts.

Figures 3-4 and 3—5 show that the chief variation

over the surface of the wafer occurs from top to bottom, and
that the wafer is remarkably uniform from side to side. Further,

the variation is chiefly introduced during growth, and not in
device processing.

-; 
Examination of the wafer deposition process m di-

cated that the variation results from a small thermal and flow

gradient from top to bottom during deposition. This problem was

easily remedied by a slight modification of the deposition equip-

• ment. For example, Figure 3—7 shows a full wafer map of a wafer

deposited using a modified wafer holder. The V~ variation for this
• wafer is very small with a mean value of 6.36 and a mean deviation

of 2.7%. With this sort of uniformity , the requirement for 80%
usable area is easily met.
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3.1.9 Multiple Water Growth

The production ct Read devices would be more

economical if the wafers could be grown in greater volume.

During the engineering phase, we attempted to grow Read wafers
- 

- 
in one of our standard production reactors which are capable of

producing three wafers simultaneously. After some experimentation

we found that three wafers can be grown to the preliminary Read

wafer specifications simultaneously.

A holder constructed to hold the three wafers

coplanar and with maximum symmetry in the vapor stream was used.
- 

- A photograph of the triple wafer holder is shown in Figure 3—8.

Wafers grown in the triple wafer reactor are

designated by the deposition run number, followed by the letters
A, B, or C, depending upon wafer position in the holder. The

top center position is designated A , the lower lef t B, and the
• lower right C. The latter designations are used to describe the

wafer position in the triple wafer holder in the production

reactor in both single waf er or multiple wafer depositions.

Two of three wafers grown in particular runs met

the preliminary wafer specifications. Each triple wafer holder

possesses unique characteristics because of slight deviations from

the design dimensions. The one used to grow the confirmatory

samples produced two wafers (the A and B position) which were

virtually identical. The other wafer (the C position) although

still within specifications, possessed layers which averaged five

to ten percent thinner and five to ten percent higher in doping

than the other two. This deviation probably results from a slight

temperature difference between the three wafers, and can be minimized
by slight modification of the deposition equipment.
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Figure 3-8 Photograph of Triple Wafer Holder
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3.1.10 Wafer Reproducibility

At the beginning of this program, an as—grown wafer

yield of about 20% was obtained to the required tolerances , and
this was much less than the required 50%. During the engineering

phase, the principal effort in epitaxial deposition was directed to
this problem.

- 
The yield of epitaxial gallium arsenide Read wafers

depends strongly upon the epitaxial reactor design and the growth
procedures used. To achieve a high degree of reproducibili ty, the
epitaxial reactor must be designed to permit precise control of all

the growth conditions. The growth procedures which are used must

be set up so that all of the important growth conditions can be

exactly duplicated from wafer to wafer. In addition, to obtain

high quality wafers , the growth procedures must prevent the
introduction of unsuspected or undesirable layers, transitions,

or properties in the wafer. These criteria mandate that the

reactor be equipped with precision controls, and, to eliminate
operator variability, that it be highly automated.

Our experience indicates that there are three major

growth factors which limit the yield of LHL Read wafers. One of

these is a slow change in wafer characteristics which occurs from
run to run when the process conditions are held constant. The

second is an unpredictable fluctuation of one or more of the
important wafer characteristics from run to run. The third is

start—up losses.

The slow drift in wafer characteristics seems to

be related to the length of the elapsed time after the gallium

source in the reactor is replenished and the system saturated and
vapor etched. We believe that this effect is due in part to a

depletion in the source and to a buil dup of disordered well
deposits; these deplete the vapor stream and reduce the growth
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rate at the substrate. These also serve as secondary doping

sources, introducing systematic dopant fluctuations in the
vapor stream.

The second factor in the reproducibility of Read
wafers is a random fluctuation of one or more of the important

wafer characteristics from run to run. We believe this to be due

to very small fluctuations in one or more of the important growth

conditions. Among these are: (1) the gallium source temperature ,

(2) the substrate temperature, (3) the arsenic tir!chloride mole

fraction, (4) the substrate size and orientation, (5) the substrate
doping , (6) unintentional vapors or gasses in the vapor stream, 

-

•

• (7) residual dopants in the vapor stream, (8) the total gas flows,

(9) the relative flows of the various gasses, (10) the condition

of the gallium source and its crust, (11) unintentional contamirta—

tion of the wafer surface prior to growth, and (12) sporadic mal-

function of one or more reactor control modules. To achieve
maximum reproducibility of the important wafer characteristics,

growth conditions must be monitored and controlled very carefully.

The third factor in the reproducibility of Read

• j wafers is the use of long run sequences comprised of many runs
r~ all aimed at producing wafers to identical specifications. For

every wafer specification , there is a start—up sequence of runs

which is necessary before the reactor and the operator become

adjusted to producing wafers reproducibly. Unfortunately, because

so many devices can be. fabricated from a single wafer, the demand

for a large number of identical wafers is not usual.

During the course of the engineering phase of the
program, we adopted the following standard procedures: (1) The

gallium source was replenished once a week. (2) The deposition

system was routinely vapor etched between runs to remove disordered
wall deposits. (3) A standard substrate size, crystallographic
orientation, and doping were used in each run series. (4) Substrates
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were used sequentially in the same order in which they were sliced

• from the boule. (5) Each substrate boule constituted a run

sequence. (6) All deposition runs in a run sequence were scheduled

for exactly the same time of the day. (7) All flows and

temperatures were carefully monitored and corrective maintenance

• was instituted upon any indication of minor malfunction. (8)

The same silica ware was used for all runs of a given run sequence.

(9) Careful documentation was kept of all lots of reagents used in
depositions and cleaning . The results were correlated with these,

and the use of dubious lots was discontinued . (9) Identical

procedures were used for all runs of a run sequence. To ensure

this, the same reactor operator made all runs of a given run
sequence. (10) A runr~ing account was kept of the characterization

data of wafers in a run sequence, and when trends were noted, minor
corrective steps were taken.

As a result of these procedures, the wafer yield

after the startup sequence required for any particular specifica-

• tion was 50%.

3.1.11 Wafers Delivered for Processing

During the engineering phase of the program, forty-

eight device grade Read wafers were delivered to processing for

use as engineering samples, specification definition , and confirmatory
samples. These were equally divided between Ku and X-band. These

wafers and their measured characteristics are listed in Tables 3-4

and 3—5. In addition to the device grade wafers, twenty—eight

Read profile wafers and fifty unspecified profile wafers were deliv-

ered to processing for process evaluation.

During the pilot production phase of the program,

twelve device grade Read wafers were delivered to processing .

These were equally divided between Ku and X-band. These wafers and

their measured characteristics are listed in Table 3—6.
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3.2 Wafer and Device Characterization Effort

3.2.1 Introduction

It was recognized early in the program that the

key to meeting the objectives was a method for translating the

final diode results into parameters which could be measured at the

wafer level assuming a constant process.

Variabili ty of results had been sufficiently
large so that diode results from a specific portion of a wafer
were desirable, at least ini tiall y. Suspected effects of diode

assembly operations upon the measured parameters also required a

solution.

A wafer evaluation system was, therefore , devised
to provide thorough evaluation data at several stages of processing .

The system has provided information concerning variation in wafer

parameters and has helped to improve the uniformity.

3.2.2 Epitaxial Wafer Orientation

To identify systematic trends in waf er or device
performance which might be correlated with reactor or substrate
characteristics , it was desirable to reference the wafer position

in a systematic way. During the engineering phase, a small mask

was scratched in the right—hand top corner of the wafer immediately

after polishing. This mask routinely made the top right-hand

corner when loaded into the reactor and is cleaved off during

characterization. The cleaved edge then becomes the reference.

A coordinate system oriented relative to the cleaved
edge was developed during the engineering phase and allowed

positional information to be maintained during all subsequent
processing and testing.
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3.2.3 Profile Strip

The cleaved corner of the 2.0 cm x 2.0 cm wafer

is the upper right—hand corner. A 0.4 cm wide vertical strip

is now removed from the wafer, and this strip is used for char-

acterization of the wafer. The doping profile is obtained from

measurements on this strip.

The doping profile for Read wafers is determined
from measurements on Schottky barrier diodes. By changing the

reverse bias voltage on the diode, while simultaneously measuring
the capacitance and change in capacitance, we deduce the free
carrier concentration through the epitaxial layer. As explained

in Section 3.1.7, surface breakdown limits the depth which can be

profiled. Therefore, a deep profile is synthesized by joining
several partial profiles together.

The profiling uses the lower portion of the profile
strip wafer and 80% of the total available area. The upper 20%

of the profile strip is used for metallurgical thickness measure—

ments. These thickness measurements are obtained by cleave and

stain techniques as described in Section 3.1.6.

To standardize terminology , an imaginary grid

system is superimposed on the wafer. The wafer is divided into

ten horizontal and ten vertical segments. A two-digit coordinate

composed by listing first the X-section and then the Y—section
thus identifies the location of any point on the wafer. Profiling

is, therefore , performed in the 93-99 sections of the wafer. The

metallurgical thickness sample is the 9-1 section of the wafer.

The orientation cleave is performed in the 9—1 corner of the wafer.

This terminology is maintained throughout wafer processing into

dice. The wafer coordinate system is shown in Figure 3-9.
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a single digit as shown in the figure. As an
example , the 0.4 cm x 0.4 cm metallurg ical thick-
ness sample includes positions 9-1, 10—1 , 9-2, and
10-2. We designate this area as 91.



3.2.4 EyaluatiQn Qf Dice on the Wafer

During processing of the wafer, most of the oper-

ations are performed on the substrate side. When the diode array

is etched, the epitaxial side of the wafer is the side closest to
the heat sink. Probe data obtained on the wafer is, therefore, a
left—right mirror image of the data derived at the epitaxial

growth stage. The data is recorded in this manner on a work sheet

by the probe operator , and it is transcribed later to correlate
with the original data.

In probing of the wafer, the grid system formed

by the diode array is utilized, and diodes at selected coordinates

are thoroughly tested. A map of the wafer is thereby obtained.

By probing every fourth diode in every fourth row, a 10 x 10 matrix

is obtained. Breakdown voltage data is recorded and a plot of

capacitance versus voltage is obtained. At the same time, the

values of capacitance are recorded for voltage values at zero volts

and at the breakdown voltage. From the C-V plot, the V~ value is
obtained as described earlier. The data is later transcribed to

summary sheets as shown in Figure 3—10, which is a breakdown
voltage map for wafer 81653.

In the form presented, parameter variations on a
wafer are clearly seen. An example of this is shown in Figure

— 3-10 where lines of constant breakdown voltage are drawn in over

the figures. The variations shown can be explained by gas flow

patterns in the reactor or other processing peculiari ties which
might occur; for example, during a sintering operation with non-
uniform substrate heating. Minimizing of these variations was a

major goal of this program. The evaluation system developed has

supplied useful information for analyzing the factors which con-
tribute to the variations.
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3.2 .5  Evaluation of Diodes

The wafer is diced after evaluation to yield sev-

eral hundred individual dice. To complete the evaluation process,

procedures have been established for selecting and assembling into
• diodes specific portions of a wafer for RF test evaluation.

3.3 Wafer Process Engineering

3.3.1 ~putter Etchir~g

Early Read IMPATT diode work included mechanical
tailoring of the epitaxial layer just prior to processing to

achieve the desired profile. Sputter etching was used to remove

surface material and thereby alter the position of the doping

spike relative to the surface. This sometimes entailed a number

of evaluation steps and repetitive sputter etching because of the

lack of control to the required tolerances which are inheren t in
the sputter etching process. Wafers which required extensive

- : sputter etching generally did not yield high efficiency devices,

-: probably as a result of both lack of control and mechanical damage
resulting from the process. As an expedient, we had proposed that

many wafers, f alling out of specification as grown , could be
tailored during manufacture to yield the desired diode performance.

In this way a usable wafer yield of 50% could be achieved. A

better procedure would obviously be to improve the reproducibility

of the wafer growth processes. Sputter etching was eventually

abandoned. It was found that removing and evaluating a small

-‘ section of a wafer yields very little reliable information concern—

- 
- ing the balance of the wafer. Even if the wafer were perfectly

uniform in itially, different results in a second run would be
possible. The wafer can quickly be consumed merely in evaluation

if iterations are required. By straightforward processing of

whole wafers and feedback of final data instead , the wafer growth
conditions were adjusted and wafers with the proper characteristics

are now available at the required rates and yields without reliance

on tailoring operations.

.5
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3.3.2 Schottky Barrier ~eta1lization

Three metals are sputtered onto the epitaxial
GaAs surface. The first, platinum, forms the Schottky barrier,

while the second metal, Ti , forms a metal diffusion barrier
between the platinum and gold which is the third metal deposited.

During the metallization process, the wafers are

subjected to heating as a result of intentional substrate heating

as well as by the heat generated during the deposition process.

As a result, a small amount of gallium arsenide is consumed by

reaction with the deposited platinum. The effect is to move the

surface closer to the doping spike, and this has a measurable

effect upon the device performance. It is, therefore, important

that the sputter operation be well controlled. It was suspected

that the reaction of platinum with the surface GaAs was responsible

for the variation in parameters of diodes fabricated from a wafer.

Controlled tests during the program showed that this does not

occur. An array of diodes was formed on a wafer using a non-

reactive evaporated metal. A second array of diodes using platinum

as the Schottky was disposed on the same wafer in the land areas

between diodes. Both sets of diodes showed the same parameter

variation on the wafer. This showed that the parameter variation

in diodes from a wafer was primarily due to variations in the

epitaxy. Recognizing this, significant improvements in wafer epitaxy

were realized.

Results of the above experiment are cited in greater

detail in Section 3.1.8. The reduction of V~ with processing was

further investigated. In transferring technology from the Research

Division it was observed that variable results were realized from

portions of the same wafer processed at two locations using identi—

cal systems.
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Half of each was xnetallized on the production unit,

and the other half on the research unit. The conclusion was that

a minor difference in parameter averages existed. A plot of V~ as

a function of breakdown voltage is shown in Figure 3—11. It may

be seen that the breakdown voltage varies in a linear manner as a
result of the variation in V~. There is a discontinuity, however,

which separates the units metallized at Research from those

metallized at SMDO. The observed results imply that the wafer

processed at SMDO has the Schottky positioned closer to the doping

spike which means that more surface GaAs was consumed during
metallization or subsequent processing.

Results from the two systems were equalized by

carefully examining the deposition conditions. The largest effect

was found to be caused by unequal target dimensions and sputter

power. The Read diode manufacturing process was shown to be as

dependent upon processing as upon the original wafer characteristics.

3.3.3 Wafer Dimensional Tolerances

Specifications of wafer size and thickness, and

tolerances on these dimensions, were absent from early wafer

specifications. The wafer was parallel lapped and etched to the

required dimensions during dice fabrication . Early in this program,

it was thought desirable to perform these operations prior to

epitaxial growth instead because of the possibility of inducing

abrasive damage to the epitaxial surface during mounting and

handling, and because of the difficulty of adequately cleaning

the surface subsequent to these operations. The wafer surface is

in its optimum state upon removal from the epitaxial reactor and

that is the best time to form the junction. We, therefore , intend
to develop the techniques necessary to lap , polish, and etch the
wafer to tight tolerances prior to epitaxial growth, perform the
epitaxial growth, and then deposit the Schottky barrier immediately.
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During the course of this effort, we found that

the finished wafer surface quality and the conformance to flatness

and thickness goals were strongly dependent upon the state of the

substrate prior to polishing and deposition. To achieve the highest

quality in the finished wafer , it is necessary that the single
crystal slices used for substrates be as identical as possible
prior to polishing. The substrate slices as received from the

vendor often displayed unacceptable saw damage and slice—to-slice
thickness variation. We worked closely with substrate manufacturers

in an attempt to correct these problems, but despite great effort on
their part, these problems persisted .

As an expedient during a portion of the engineering

phase, we lapped all substrates to a standard thickness prior to

polishing. 5-A slurry of alumina power, with a particle size which
is nominally five micrometers was used as the lapping compound. We

‘ found that better surfaces were sporadically obtained using polished

F: lapped slices but on average, the yield of high quality wafers was
not sufficiently improved to warrant the additional cost of routine
prelapping.

Indeed , unless lapping was carried out with great

care , deviations from specifications in wafer taper and bow were
often greater than with wafers as received from the vendor.

To minimize wafer processing , the overall wafer
thickness should be within 0.0001 inch of the nominal dimension ,

including all errors such as bow, taper , parallelism, and others.

To achieve this, polished substrates prior to deposition should
possess similar tolerances. A special all-electronic gauge (Model
3046 Ade Corporation) was obtained for this purpose (Figure 3-12).

Using two capacitive non—contacting probes, it displays thickness,
bow, and taper on a digital readout. It is especially suitable
for measurements immediately prior to epitaxial growth because it

does not damage or contaminate the substrate.
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Figure 3-12 Photograph of Special All-Electronic Gauge
(Model 3046 - Ade Corporation).
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The final process which was developed accomplished

the objectives without the necessity for duplicating processes in

the epitaxial area which were already under development in another

area for wafer dimensional control. The wafer is now metallized

after epitaxial growth as intended without intermediate dirty

operations. A thin layer of gold is then plated over the Schottky

inetallizatIon to protect this thinner sputtered layer. The parallel

lapping step is performed next. The success of this sequence

depends upon the fact that the metallized layers are very thin and

well controlled relative to the required tolerances and introduce

no significant error to the measured dimensions during lapping.

All material processed during the confirmatory and

pilot stages of the program were processed in accordance with this
sequence.

3.3.4 Spray Dicing

After wafer processing is completed and the diodes

are evaluated , the wafer must be separated into individual modes

so that they can be mounted into the final packages. For the

plated heat sink process, the diodes are held together by the

‘.omxnon gold heat sink which serves as a carrier during wafer

processing operations. The generation of individual diode chips

means, therefore , that the gold carrier must be separated into

several hundred pieces, each containing a diode.

Several techniques have been used for doing this in
the past. The first was razor cleaving. This was later replaced

by wire cutting. In this operation , a diamond impregnated wire is H
dragged across the surface between diode rows until it wears through
the gold. It is then indexed to the next rows until all of the rows

in one direction have been cut. This operation is repeated after - -

indexing the wafer 90 degrees. Although this technique is mechanized ,

there are several problems:

— 
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1) Wafers must be handled singu1ax’1y~ and 3—4 hours are

required to process each wafer.

2) The exiting wire drags gold leaving a burr on the

bottom edge of the chips. This results in poor

chip mounting quality and high thermal resistance.

A similar burr is raised on the top surface of the
chip which interferes with die collet pickup.

3) Operational problems such as wire breakage, nonuniform
indexing, slurry impregnation and several others.

Although the above technique was used extensively,

current production dice have been generated by razor cleaving

instead. This technique is crude but simple, and a skilled operator
generates dice of higher quality than those typically produced by

the wire saw. The time element is about the same as the wire saw.

A major improvement in dicing capability has been
realized by implementing on the production line the spray dicing
technique which was developed with independent funds by Raytheon

Research Division. The necessary production engineering effort was

accomplished on this program. Because of the success achieved ,

the technique has been extended to include spray dicing of all

IMPATT diodes. The method involves photolithographic masking tech-

niques. The wafers are placed in a special spray dicing fixture,

and a high velocity spray of gold etching solution is directed at
the plated heat sink side of the wafer. (See Figure 3-13.) The

action of this spray is such that anisotropic etching occurs and
grid lines are cut into the gold in those areas where no photoresist-
is located. A front-to—backside registration of the mask is required

during masking.

The technique involves spray etching completely through

the heat sink a grid pattern with .002” wide lines. The etching is
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done from the back side while the mesa side of the sample is mounted

protectively in wax. Prior to etching, front-to-back alignment is

accomplished on the mounted sample using KMER photoresist as follows:

1) The sample is mounted on glass, mesas down, in a clear ,
“picolastic ” wax. The glass is larger than the sample.

— 
2) The opposite side of the glass is then masked with grid

pattern aligned to the mesas as they show through the
glass. The pattern in photoresist extends beyond the

sample and is visible from both sides of the glass.

- 

- 

3) The sample side of the glass, including the sample, is
then masked with the same grid. By aligning the

second masking to the grid lines showing through the

- ~
- glass, front—to—back alignment is achieved. At this

point in the process, the sample has the appearance
shown in Figure 3—14.

The spray etcher is a device designed and built by

Raytheon using inexpensive laboratory equipment and materials. The

device is shown in Figure 3-13. In operation, liquid etchant, re-
circulated in a closed system, is sprayed through an atomiz ing
nozzle so that droplets impinge with nearly normal incidence upon

the masked sample. The velocity of the droplets causes the etchant

to dissolve the exposed material far more rapidly in the direction

normal to the surface than in the lateral direction , thus providing
the effective anisotropy of better than 10 to 1. Detailed process

steps are included in Section II of this report.

The elapsed time for spray dicing a wafer is about

the same as for blade cutting or wire sawing. The labor involved for

a single wafer is also about equal. One advantage of the method is

that all of the operations are batch—type operations where the

incremental cost of handling increasingly larger batch sizes drops
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rapidly. Each of the individual process steps can be readily auto-

mated. The major advantage of the method at the present volume of
- - production for Read diodes lies in the quality of the chip produced.

Dimensional uniformity is better than previous methods which will

result in more tightly distributed diode characteristics for pro-
duction line devices and better yield.

Figure 3—15 shows the completed die which results

from the spray dicing operation. The die has a cross sectional

shape which resembles a truncated pyramid, its base being somewhat
smaller than the top surface as a result of mask undercutting as

etching proceeds from the back side.

- 
- 

The final chip size is determined by the mask size,

and the amount of undercutting allowed which is in turn a function
of several process variables, among them the gold thickness and its
tolerance across the wafer. The tolerance on the gold thickness is

the dominant factor in determining the tolerance which can be

maintained on the chip size. As etching proceeds, thin areas of the

wafer will etch thru first. Further etching reduces the dimension

of these as the thicker portions of the wafer are etched through.

The tolerance is, therefore , dependent upon the flatness and paral—

lelism control which has been achieved throughout wafer processing .

The overall dimensiona l tolerance which can be
presently achieved by spray dicing is less than 0.001 inch compared
to several mils for the previous method .
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3.4 assembly and Test Process Engineering

3.4.1 Rot Gas Chip Bonding

One of the problems in mounting dice using solder

is that the dice tend to float on the solder af ter the tip pressure
• 

- 
is removed. A second problem is that flux is usually required to

achieve a good flow of the solder. Both of these problems can be

eliminated by using the hot gas method of bonding.

In operation, the solder preform and die are placed
- 

: in the package which is held on a heated stage at a temperature

just below the melting point of the solder. The die is held in place

using a die coj,let as in conventional bonding. A jet of heated gas

is then directed to the bond area through a nozzle to supply the
incremental heat necessary to melt the solder. The heated gas is

forming gas which replaces the air to prevent oxidation and also

serves as a flux by reducing oxides. When the gas jet is interrupted

the local temperature decreases to its initial value and the solder
freezes. The tip pressure is maintained during the freezing which

prevents the chip from floating.

The bonding equipment which was purchased and

installed is manufactured by Mech-El Industries. In order to eval-

uate the Mech-El hot gas bonder, four lots (Lots B, C, D, and E)

of about ten diodes each were assembled . Lots B and C were

assembled using the K&S bonder with 50 and 70 gr, respectively, die

collet pressure. These represent the control samples. Lots D and

E were assembled using the Mech-El hot gas bonder. The same collet

pressures were used, 50 and 70 gr, respectively.

The quality of die bonding of IMPATT diodes is

quantitatively measured by the thermal impedance R,
~H 

of the device.

Since thermal impedance is area-dependent, the
capacitance of all diodes was measured. This was used as an indi-

cation of device area variations, assuming the same capacitance per
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unit area for all devices. This is a reasonable assumption con-

sidering that all of the deyices came from the same Ku-band wafer,

81844142.

The mean (p) and standard deviation (a) of thermal

impedance and capacitance were calculated for every lot. The

results are compiled in Table 3—7. An analysis of the results

indicates that there is no significant difference between the two

bonders. However, there is a tendency towards lower RTH values
at the lower collet pressure for both bonders. Even though the

percentage change is quite small, the direction of change is
surprising. Higher collet pressure should force out more solder

from under the chip , hence better RTH values. One possible

explanation would be that layers which are five to ten percent

thinner, and five to ten percent higher in doping. We conclude

that Read wafers can be produced economically in our triple wafer
reactor.

3.4.2 Ribbon Bonding

Evaluation results on Ku—band wafers had led to the

general conclusion that the diodes were operating in the lower

part of the specified frequency band of 14-16 GHz and that the

diode efficiency was straddling the specification limit of 20%.

Tests were conducted to determine if the efficiency could be im-

proved by minor modifications in assembly procedure in order to

enhance the yield. The following summarizes the results of experi-

ments perf ormed with various size mesh and ribbon contacts and also
compares results with type 16 and type 18 packages. The type 16

package is the standard package used for this program (see Figure

1-3). The type 18 is a reduced size ceramic mounted on the same

threaded stud as the type 16. Five (5) variables were tested.

(1) Type 16 Package - 750 LPI mesh
(2) Type 16 Package - 2000 LPI mesh
(3) Type 16 Package - 5 mil ribbon
(4) Type 16 Package — 10 mil ribbon
(5) Type 18 Package — 750 LPI mesh
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Table 3—7

Thermal Resistance of Diodes from Hot Gas Bonder

K&S H.G. Mech-El
Parameter Lot B Lot C Lot D Lot E

C 
______ 

2.01 1.98 1.95 2.00
(pF)

_____ 
a - 0.13 0.10 0.18 0.18

______ 
17.4 18.2 17.8 18.6

(
C/W) a 0.57 

— 
0.85 0.69 0.8

‘1
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Figure 3— 16 is a plot of efficiency versus output
• - frequency. The efficiency was measured at an output power of 2.5

Watts. - At the band center, more power was available (up to 3.0
Watts). It may be seen that the efficiency is optimized at about
14 GRz independent of construction style. The diode impedance

varied as the construction was varied, necessitating different

matching impedances, but the optimum operating point was constant.

Figure 3—17 contains plots of diode efficiency versus

output power for various construction styles. The two conclusions

resulting from this plot are: -

(1) The diodes have their optimum efficiency at the spec—

if ication test point of P0 = 2.5 Watts. This

verifies previous data showing that the efficiency

is optimum at a power output of 2.5 Watts for diodes

having a capacitance of about 1.6 pf (measured at

breakdown voltage). It should be noted that for this

particular lot, 1.7 is a better value and the optimum

value will vary somewhat as the wafer parameters
change to keep the current density constant.

(2) The diode efficiency is improved as the screen material

becomes less transparent. The solid ribbon gives the
— — I —

lowest loss. Presumably this reflects the lossy nature

of the electroformed screen material. The cross sectional

area increases as the number of strands increases. The
-

~~ type 18 package has better efficiency than the type 16
and about the same as the 2000 LPI in the type 16. This

is probably because the screen length is shorter in the

type 18. The data of Figure 3—17 is for a typical diode

from each lot. Considering the total data and possible

adjusting factors because the data was not all taken at
the optimum point, it can be concluded that an efficiency

improvement of 0.5 to 1.0% can be achieved by converting
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to denser material for the dj~de contact. Ribbon of 5

nil width appears to be a good choice. Wider ribbon

• (10 m u )  shows no further improvement.

In view of these conclusions, a change to S mil ribbon was implemented
• for X-band and Ku-band diodes.

3.4.3 Thermal Resistance Testing

The measurement of thermal resistance as performed

prior to this program was one of the factors gating the production
rate of Read IMPATT diodes. The accurate measurement of thermal

resistance is a fair ly lengthy two—step process involving first
the calibration of the diode breakdown voltage with temperature,

and secondly, the use of this calibrated diode thermometer during

a pulsed power test to measure the device temperature . Knowing the

amount of power dissipated in the device and its temperature , the
thermal resistance of the device is calculated . We had been

performing this measurement sequence in a multi-station test fixture

capable of measuring twelve devices simultaneously. The cycle time

was approximately four hours per batch. A doubling of this rate was -

the minimum required to meet the rate objective of 1000 units/month.

To accomplish this , temperature calibration and
-

- 
pulsing portion of the measurement were separated. A large portion

of the total time had been consumed in waiting for the fixture and

diodes to heat and to reach equilibrium during the temperature

calibration portion during which time the pulsing equipment had
-

~~ 
also been inaccessible.

A twenty-five position fixture was, therefore , designed
and fitted to an oven so that temperature calibration curves could

be obtained on twenty-five units simultaneously, separate from the - -

pulsing apparatus. This capacity is adequate for the present require-

ment and can be readily expanded -- commercial equipment with high
throughput can be purchased . Using this system, the diodes are
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individually tested in turn through a selector switch at room

temperature and at a temperature of 125°C.

During the heating and stabilization period, a

separate batch of diodes, previously temperature calibrated , can

be pulsed. To increase the rate for this portion of the measure-

ment, a test instrument was purchased from Sage Enterprises. This

instrument measures devices and provides a digital readout of the
result in nine seconds. The throughput is limited by the desired

accuracy, which sometimes requires that the measurement cycle be
repeated (i.e., when the diodes are not sufficiently uniform in

characteristics) , and by loading , unloading and data recording.

Considering all aspects of the thermal resistance
measurement, devices are now measured at the rate of 75-100 units
per eight-hour shift by a single operator. For simpler devices

such as flat-profile INPATTs, the temperature calibration of break-

down voltage is performed on a sample basis and much higher rates

are realized.

The accuracy and repeatability of the measurement

has been analyzed . A discussion of these aspects of the measure-

ment follows. All of the discussion is referenced to the Sage

instrument shown in Figure 3—18. In the use of this instrument, the

temperature coeff icient of avalanche breakdown voltage is normalized
to the room temperature breakdown voltage and is referred to as

the Beta Factor (B).

— 

VB2~
VBl

B — 
(T2—T1) (VB1)

where: VB2 = Breakdown Voltage At T2 (ex . l250C)

VB1 = Breakdown Voltage At Tl (ex. 250C)
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3.4.3.1 Temperature Coefficient of Avalanche Breakdown

- - Most methods for measuring the thermal impedance

of II4PATT diodes use the device as its own thermometer for measuring

its junction temperature . This is accomplished by heating the

device in an oven and measuring the avalanche breakdown voltage

(VB) at a small sense current. The slope of the “breakdown voltage

versus temperature t’ curve, normalized with respect to room temper-
ature voltage, is the ~ coefficient. Potential sources of error in

measuring and applying B have been analyzed.

A potential source of error in measuring the break-

down voltage is the voltage drop across contact resistances. To

establish whether this was significant, the measurement was simulated

using an empty diode package internally short circuited. The re-

sults indicate a residual resistance of 0.5 ohms in the system which

corresponds to a voltage drop of 1 my or less in a current range of
1-2 mA. This is insignificant when compared to the resolution in

measuring the breakdown voltage, which for the present equipment can
be measured within an accuracy of ±50 mV including the error due to

a 5% uncertainty in the sense current.

Temperature is directly monitored in 0C by a digital
-
• 

temperature indicator with a 0.10C resolution and ±0.50C accuracy.

Calibration was checked at the ice point and water boiling point.
An offset of 0.1°C was found. This offset does not really affect B

measurements since it is eliminated in the subtraction , and B is a

L function of t~T instead of just T. Hence, there is a ±0.6°C un-
certainty in the indicated temperature. The diodes are mounted in

an aluminum block having a thermocouple attached . The temperature

uniformity of the block was checked and found to be better than the

p accuracy of the measurement.

The contribution to heating by the power dissipated
in the diode at low currents was considered. For diodes of interest

having the following typical characteristics:
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V3 (25
°C) = 40 Volts

‘13 
(1250C) = 47 Volts

Rth = 23°C/W

the junction temperature increase at bias currents of 1 mA and

2 mA is:

— 1s =~~~mA 15 = 2 inA

250C 125°C 25°C 125°C

Cgntribution to Heating 0.92 1.08 1.84 2.16
(C)

If the only effect of I~ is as shown above , the error in B will
be insignificant due, once again, to the t~ T rather than P depen-
dence of B.

A curve of VB versus T for a typical diode is shown
in Figure 3—19. The curve is nonlinear over the entire temperature

range. A linear approximation does not introduce a very large

error , but this error can be entirely eliminated even in a
production environment by proper application of technique. During

measurement of 8, the same temperature end points should be
consistently used. We have selected 25°C and l250C as these points.
This corresponds to a t~T of 100

0C. During the pulse measurement

on the Sage, the diode is always heated with sufficient power to
achieve the same T = 100°C. With this approach, the shape of the
VB versus T curve between the two points does not affect the

accuracy of the measurement.

The repeatability of the VB versus P curves was

evaluated by testing points on the curve on several different days.

This data is given in Figure 3—20 as identified in the legend and

shows that the repeatability is quite good.
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Figure 3—19 Curve of VB versus T for Typical Diode
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Other observations resulting from the investigation
indicate that the nominal value of B is lot dependent , and the
standard deviation with.in a lot varies from 1, 4% to 3 .4% for the
lots tested . The value and distribution of B are also current
dependent. The mean B per lot is lower and the distribution tighter
at I~ = 2 mA than at 1 mA. These observations do not affect the
accuracy of the measurement as described, but rather determine the

accuracy obtainable from performing a sample test of B if this
technique were adopted .

A detailed error analysis was performed in order to
understand and place in perspective the degree to which the error

of each measurement cumulatively affects 8.

~~~~~~~~~~ s — 1—t~T VB. — VB.
1 1.

/

1 L~S — 4~( 
L~T (~V±2v) 1— 
(~T 2t) t~V 

-

where: v = the error in V3.

t = the error in T.

If for example ,

AV8 =6V

~T = lOO0C

— v = ±O. 050V
t = ±0 .6 °C

= ± 2 . 9 %

Hence , the uncertainty in the calculated slope is ± 1.7 x l0~
3V/°C.

--S .  S. S. 
~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -
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where : s = the error in S.

For example ,

S = 0.058V/°C
s = 0.0017V/°C

VB = 40 .0  V

V = O.05V

= ±3.1%

The example above indicates a 3.1% uncertainty in B due to various

measurement errors only. Since 8 is a normalized coefficient with

respect to VBi, which is a function of T
~
, a new source of error

exists, unless T
~ 
at B measurement is the same as the Rth measure-

ment. In other words, the diode heat sink temperatures should be
-‘  the same when determining VBi and Rth. A simple calculation m di-

-
~ 

- cates the relative significance of a worst case ~~~ = ±5°C.

S = 0.058 v/°C
s = ±0.0034 V/°C

4 0 . O V

v = ±0.05 ± . 2 9  = 0.34 V

Meas. Ti
Error Error

~~
-

~~~~~
= ±3. 8%

• In sununary, @ T = 1000C, a 0.6% error in P and 0.13%
error in VB. cause a 3.1% error in B . An uncertainty of 0 . 2 9  Volts3.
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in V due to a worst case 5°C difference in heat sink temperaturesB3.
(R th versus B heat sinks) adds another .7% to the error in 8. The

preceding actual laboratory measurements indicate an uncertainty in

B of about 3%.

3.4.3.2 Thermal Resistance Tester

Early in the program, the unit shown in Figure 3-18

was purchased from Sage Enterprises to replace the test set in use
at the time (Figure 3-21). The motivation improved speed, accuracy,

• and simplicity of operation.

Upon delivery, it was found that the instrument,
indeed, promised greatly improved production rates because of the
rapidity of measurement and computation relative to the existing

equipment. Correlation with the existing method was poor, however,
which led to a rather comprehensive evaluation exercise. The

following conclusions resulted from the evaluation :

1) Repeatability of measurement was excellent over a

short time period (days).

2) There was an occasional shift in the measurements

which were again very repeatable at the new level

over a short time period (days).

4
3) Thermal resistance varied greatly as the input power

was changed leading to uncertainty in the true value

which made the correlation problem appear worse.

The instrument was returned to the vendor with all
of the test data. The shift in measurement level was explained as

being due to a defective integrated circuit component and was

quickly corrected. Further details on correction action were not

sought. The variation in thermal resistance required design
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modifications, necessitated in part by the properties of the devices

being tested. Sharp pulses used to switch the diode rapidly

• apparently caused the diode to oscillate which led to inaccuracies

in measured currents and voltages used in the computation. This

problem was solved by adding lossy material to the diode terminals

to damp the oscillations. During the evaluation , it had also been
concluded that knowledge of the junction temperature during test

would be a desirable feature. This feature was added as the

accessory digital meter shown in the figure.

The “Theta 120” was subjected to a second evaluation
by the vendor and also by Raytheon. Based upon these tests, the
instrument was accepted and is being phased into the production line.

Standard diodes have been designated and are measured
each time the instrument is used. Repeatability of measurement is

excellent and is about 0.5% over a two-month period. Correlation

H - with the prior method continued to be somewhat erratic for a while.
Initially, the approach had been to apply a factor to the Sage via an
artificial value for 8 to force agreement between the two methods.

Using this technique , highly reproducible thermal resistance data
was obtained for all devices, and this data agreed with the method

which had been in use ip to this time.

Meanwhile, the potential source of errors in the two

techniques was examined, and data was obtained from other sources.

It was concluded as a result of the program that the Sage instrument

gave more accurate results than the prior method. The differences
are explained by how fast the junction temperature is sensed

following interruption of the heating pulse. The short thermal

time constant of these devices imposes the requirement. Correction

of the standard method for cooling which occurred during switching

gave results in close agreement with the Sage unit.
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3.4.4 Noise X4easurement of IMPATT Diodes

The original AM and FM noise m easurem ents, on the
engineering sample Read diodes, were performed on an elaborate

general purpose setup at Raytheon’s Research Division. This

particular measurement system was conceived mainly for research

and development needs, hence became quite unsuitable for production
testing. Disregarding setup time, one could measure at the rate
of two to four diodes a day. The main cause for the low throughput

is the need for constant recalibration of AM and FM sensitivity.

This problem is compounded when measuring FM noise by small drifts

in the carrier frequency. After obtaining the point-by-point data,

it must be submitted to calculations to obtain the results and then

manually plotted .

During the course of this program, a computer program
was developed to accept the raw data, perform the calculations , and

plot the results. Samples of the resultant curves were included in

prior reports. This was mainly for convenience of the operator and

gave more presentable data , but resulted in only 10% rate improve-
ments.

Several alternatives for faster measurement systems

were considered. - A circuit design was completed for a “go-no-go”

system which appeared quite attractive. An excellent alternative

was found, however, in a powerful carrier noise analyzer , Model CNA-
20, manufactured by the Electronics Equipment Group of Raytheon ’s

Microwave and Power Tube Division. The unit was originally designed
for measuring low noise tubes. This unit uses a microwave discri-

minator and direct detection techniques, thus eliminating the complex
operations and adjustments associated with heterodyne systems.

Self—calibration is accomplished directly at the microwave frequency.

Achievable rates exceed ten times that of the former method.

Such a carrier noise analyzer for Ku—band has been

acquired and evaluated. The unit is shown in Figure 3-22. The unit,
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in conjunction with a low frequency spectrum analyzer and an x— Y
recorder, yields a hard—copy plot of noise as a function of
frequency from carrier. A typical plot is given in Figure 3-23.

The measurement of semiconductor device noise is
quite often limited by the power supply used in biasing the device

under test. An evaluation of such limitations in the case of Ku-

band Read diodes was conducted. The power supply “pushing” figure

~s defined as the ratio of the deviation frequency to the 
“pushing”

signal voltage (FM). Then the power supply noise level was plotted.

At 10 KHz , the plot indicates a noise level of about -107 dBV which
corresponds to an equivalent frequency (t~f ~2O0 Hz/lOO Hz-BW).
All measured devices indicate an FM noise level of about the same

magnitude; hence, it is believed that the actual FM noise level of
the diodes is below this level. In the case of AM noise, both the
power supply level and diode noise level are below the limiting

sensitivity of the noise analyzer .

I
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4.0 OE’ERATING LIFE TEST PROGRAM

4.1 Requirements

Operating life test requirements of this program spec-

if ied that diodes periodically be subjected to 1000—hour life tests
while operating as oscillators. The tests were initiated at the

end of the first quarter and repeated quarterly for a total of seven
(7) tests. The sample size for each test was five (5) diodes of

each type randomly selected from a corresponding wafer. Nine (9)

diodes of each type were li fe tested for 1000 hours as a part of the
Group B quality Conformance Inspection at the time of confirmatory

sample testing and again at the time of pilot run sample testing.

The testing was conducted at an ambient temperature of
25°C with the test cavity temperature also held at 25°C and the

diode junction temperature held below 200°C. To identify failures,

the power output was monitored with failures defined by a 25%

decrease in the power output of a diode relative to its initial
value. The Group B life testing was performed with the diode

operating within its rated power output, f requency, efficiency, and
-
~~ junction temperature specifications. The quarterly tests were con—

ducted in such a way as to demonstrate progress toward successfully
meeting these test requirements.

Two operating life test stations, one for X-band diodes

and one for Ku—band diodes, were designed and constructed to meet

the operating life test requirements described. A description of

the equipment and diode life testing procedure follows.

4.2 Operating Life Test System

Two (2) test stations each containing nine identical

positions were designed and constructed . Raytheon—designed

oscillator test cavities (described in Section 4.2.1) and current

regulators were integrated with various commercially available

components to create two panel—instrumented stations. Some of
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the salient design features of the system include: typical cur-

rent regulation of <0.5%, transient protection out to 10 MHz,

regulator “fail—safe” protection against diode failure, constant
heat sink temperature via a closed loop water circulating system,

thermal overtemperature protection and complete protection against

line voltage failure. Each station continuously monitors RF

output on a sampling basis by recording the detected RF on strip

chart recorders which were available for use on this program.
- 

-

~ Diode bias voltage and current monitoring is available at the
station thru a nine—position selector switch. The life test station

by itself is relatively compact and is bench mounted. The two

stations are installed on a single bench top which also contains
a common driver/programmer. A water circulating system that is

also common to both stations is located under the bench. The long

term operational behavior of Read diodes as microwave oscillators

will be tested under controlled conditions using these stations.

Figure 4—1 is a block diagram of the basic life test

station. Table 4-1 lists the equipment utilized. The diodes

under test are installed in oscillator test cavities which were
designed during the first quarterly period of this program. The

cavities are described in detail in Section 4.2.1. Bias is

supplied by Raytheon-designed adjustable current regulators. Each

test cavity is terminated into an appropriate waveguide variable

attenuator followed by a standard SMA coax to waveguide transition.

The transition is connected by coaxial cable to one of the nine
inputs of a Raytheon-designed SP9T diode switch. The output of the

switch is detected and displayed on a strip chart recorder. Eight

additional test cavities with their accompanying accessories provide

a total of nine individual diode test positions. The basic setup

is identical for each of the two stations required except for the

• dimensions of the test cavities and the waveguide components. A

single driver and automatic programmer control the two SP9T switches

simultaneously so that each test channel is sequentially sampled

and its detected output displayed on the strip chart recorder. The
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Figure 4-1 Block Diagram of Operating Life Test Station
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Table 4-1

OPERATING LIFE TEST STATION-S - EQUIPMENT LIST

QUANTITY !
ITEM DESCRIPTION STATION

1 Current Monitor - (DVM) Fairchild 7050 1

2 Voltage Monitor - (0-100 VDC) - Simpson 1
#2123

3 Elapsed Time Indicator — General Time #EF1335 1

4 Power Supply - Sorensen #DCR8-30 1

5 Current Regulator - Raytheon Design (details in this 9
report)

- 
— 6 Test Cavity (containing diode under test) -

Raytheon THX-8000A, or 9

Test Cavity (containing diode under test) -
Raytheon THK-8000A 9

7. WG Variable Attenuator — Narda #730 - X-Band, or 9

WG Variable Attenuator - Narda #729 - Ku-Band 9

8. SMA Coax to WG Transition - Am. 6254 - X-Band, or 9

SMA Coax ~~ WG Transition - Am. 6255 - Ku-Band 9

9. SM?. to SM?. Semi-Rigid Coax Cable Assembly 9

10. Coax SP9T Microwave Switch - Raytheon SKEL-5009 1

11. Switch Driver Board — (12) LRC SD12O1 Single
Drivers 1

12. Power Supply (Driver) - Raytheon Design 1

13. Automatic Electronic Programmer - Raytheon Design 1

14. Coax Atten Pad (Fixed) — Hewlett Packard 8493B 1

15. Coax Detector Mount — Hewlett Packard #8472?. 1

16. Strip Chart Recorder - Simpson Model 604 1

17. Extruded Heat Sink - Wakefield Engineering
# 180— l2—36C 1

18. Water Circulating System - Forma Scientific #2095 1
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programmer is set so that each diode position on the station is
• sampled for approximately 2.6 hours over each 24—hour period.

The cavities are securely mounted to a heat sink

surface that is temperature controlled by a closed loop water
circulating system that has both heating and refrigerating capa-

bility. The circulating system maintains the heat sink temperature

of each station to within ±3°C of the setting. Each of the heat

sinks are equipped with thermal sensing devices that will auto-
matically shut off all electrical power should a preset temperature

be exceeded. This provides protection against failure of the

circulating system. If electrical power is interrupted for any

reason , such as a power failure, the system will remain shut off
until power is restored manually.

Figures 4-2 and 4—3 are photographs of the individual
test stations described. Figure 4—4 is a photograph of the overall

- j system .

The current regulator circuit selected for use in the

operating life stations is a constant—current regulator design

-~~~~ that was developed by Raytheon with independent development funding.

The output section of this regulator is capable of delivering
bias voltage levels up to 200 VDC at 600 milliamps. The regulator

is fabricated from standard components. The design took into

account the many limitations imposed by the practicalities of power
supplies, transistors, I.C.s, and IMPATT diodes. Extensive use of

manufacturer ’s data was used in an effort to more closely define

operating parameters, control efficiency and cost, increase reli—
ability of operation , protect all devices, and keep physical size
within practical limits. The resulting design has produced the
current regulator circuit shown as a block diagram in Figure 4—5.
This circuit not only operates over a large current range (0-600 mA) ,
but also provides “fail—safe” protection against diode failure and is
essentially immune from power system disturbances as evidenced by a
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supply isolation exceeding 20 dB out to greater than 10 MHz. Effect

on regulator due to all causes (long—term drift, power supplies,

temperature, transients, etc.) is typically less than 0.5%.

The basic integrated negative voltage regulator used in

this design is the inexpensive LM304 whose output can be clamped

to zero by shorting the bias adjust potentiometer R1. This is an

important feature since the current regulator will deliver no output
- 

- with the IC output at zero. In most situations, when the diode

being driven by the current regulator fails, it is necessary to shut
-
‘ down the regulator either to protect the regulator, conserve power ,

or to signal distress. With the circuit being described , the

diode fai lure is sensed by Zener diode (D2) which turns on transistor
thus shorting the adjustment potentiometer (R1). With

shorted and the IC clamped to zero, the power transistor Q4 will

shut down in less than a millisecond; sufficiently fast to avoid
- - damaging the regulator. Figure 4—6 is a photograph of the current

regulator printed circuit board fabricated for use in the operating

life test stations. Each position on the test station contains one

of these regulators. Ten—turn precision potentiometers (R1) and

the power transistors (Q4) are outboarded on a control panel. The

voltage and current monitoring points are connected to a multi—wafer

switch located on the control panel where each position on the test

station can be selected individually for readout on an appropriate

meter. The voltage monitoring points are connected to a standard

0-100 VDC voltmeter mounted on the panel . Current monitoring is

achieved indirectly by connecting a high impedance digital voltmeter

J - to the current monitoring terminals. The voltage readout is

directly proportional to the current thru R8 which, in turn , is
essentially the same current that is delivered to the diode under

r test thru the power transistor (Q4).

4.2.1 Test Cavities

The cavities fabricated for test purposes are essen-
tially the same cavity described in Section 1.0 of this report and
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shown in Figure 1-5. To facilitate the use of this cavity for the
operating life test station, the design was modified to incorporate
into the assembly a sliding short. The cavities are designated

THX-8000A (X-Band) and THK-8000A (Ku-Band). Drawings are included
in Section II—D of this report.

Two outwardly identical configurations are utilized;
one designed for X-band operation and the other for Ku-band. Copper

construction was chosen because of its good heat transfer charac-
teristics. Light tin plating is employed as corrosion protection.

A simple two section, low pass filter network serves as the bias

terminal. A thin layer of teflon around the filter insulates the

bias terminal from the cavity body. The noncontacting sliding short

circuit is of a standard design and is built in as part of the
- 

-
~ cavity. A tin-plated copper tapered chuck retains the diode and

provides optimum heat transfer from diode to cavity body. Figures

4—7 and 4—8 are photographs of the X and Ku-band cavities just

described . When used on the life test station, the cavities are

bolted to the heat sink surface in the position shown in the photo-

graph; i.e., with the side of the cavity against the heat sink.

This affords easy access to both the bias terminal and the diode

chuck holder.

4.3 Life Testing Procedure

All diodes which were to be tested had been previously

tested to the electrical specification and subjected to an in-
process “burn—in ” . Randomly selected diodes were then loaded into
the test cavities and installed on the life test system. To

accomplish this, the following procedure is utilized :

The cavity and its attenuator are first removed from the

rack. This assembly with diode mounted in place is placed into the

standard production RE test system to replace the standard production
test cavity. The assembly is then tuned for the desired power level

and the following data recorded : power output , frequency, bias voltage
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and current. The attenuator setting is set at approximately 15 dB

which renders the cavity relatively immune to loading effects.

The cavity and its attenuator are then reinstalled on the life test

station heat sink.

After the diodes to be life tested have been installed

in this manner, the station is ready to be activated by applying
supply voltage; i.e., 90 VDC, -12 VDC, and 110 VAC. Application

of these voltages will energize the running time meter . The bias
voltage and current requirements for each diode are set by first

switching the position switch to the desired cavity. After con-

necting the cavity bias terminal to the appropriate bi~is terminal
on the control panel, a momentary switch is depressed and by use
of the bias adjust potentiometer, the desired voltage and current

are set as readout on monitoring meters. The momentary switch

depression is necessary to override a Zener diode clamping circuit
in the current regulator which keeps the bias voltage and current

at zero as long as the diode bias voltage is greater than 70 VDC

below B+ (90 VDC). This is a built—in safety precaution that allows

the regulator to completely shut down should a diode fail (short).

The depressed momentary switch can be released anytime after the

bias adjust potentiometer has been adjusted sufficiently so that

the voltage across the diode exceeds 20 VDC. After setting the

bias to the desired meter reading , the next position is selected

by the position switch and the procedure repeated until all active

positions have the proper bias applied and all diodes are oscillating .

Again , each position is manually selected on the program-

mer, and the variable attenuator adjusted to produce identical
near full scale deflections on the strip chart recorder . A cal-

ibration level representing a 25% power reduction is then noted on

the recorder. The programmer is set to automatic and the life test

commences. Each of the outputs, in turn , contribute to a constant
level on the recorder and anytime an output falls below the 25%

calibration point, that position is deemed to have a diode failure.
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During the 1000-hour test cycle, periodic daily checks were per-

formed on the test stations and all pertinent data recorded on a

data sheet; i.e., bias voltage and current, significant changes
in output level and running time.

4.4 Summary of Results

The following is a summary of the results obtained during

the operating life test program.

X-Band Ku-Band
Test Number Qty. Tested Failures Qty. Tested Failures

— 1  1 5 1 5
2 5 1 5 5*

-
~~~~ 3 5 1 5 0

4 5 0 5 0
5 5 0 5 1
6 5 0 5 0

2. ~~ . 2.

Totals 35 3 35 7

* System malfunction caused catastrophic failure of all devices.

It should be noted that all of the f ailures occurred
early in the program. There was only one failure after the third

test. In addition to the above results, additional diodes were life

tested to fulfill the confirmatory and pilot run Group B test require-

ments. Nine diodes of each type were used each time and there were

no failures in these tests.

In the first test, the two failures were found to be
defective diodes; one had a gold filament, the other exhibited a
soft breakdown voltage characteristic , the cause of which was not

positively assigned . In the second test, one diode failed because
of cavity detuning ; five failed catastrophically due to failure of

the Ku-band system. Failures in the second test were not diode

related. Remaining failures in the later testing were also found

to be most probably caused by cavity tuning problems. This is,
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in turn, attributable to a mechanically erratic microwave short

incorporated as part of the construction of the life test cavities.

Use of this concept allowed the economic testing of the diodes on
this program while avoiding the cost of expensive precision micro-
wave shorts.

J
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5.0 PILOT RUN

The pilot run for this program consisted of five hundred

(500) X—band diodes (MS—50371) and five hundred (500) Ku-band

diodes ( 119—50372 ) . These diodes were manufactured in accordance

with the process specifications included in this report and then
tested in accordance with the diode specification SCS-48l. The

test data is included in Appendix I—A .

5.1 X—Band Diodes

- - The average breakdown voltage for the diodes is 42.9

Volts. A specification of 30—50 Volts was established based upon

observations tha t few diodes above 50 Volts operated successfully
while diodes as low as 30 Volts worked quite well. The operating

voltage is typically 58 Volts , the 15 Volt increase above the
breakdown voltage being due to the combined effect of the diode

series resistance and heating as the current is increased to a

typical operating value of 260 ma. The operating current and voltage

are well below the specification limits of 500 ma and 70 Volts.

The diode capacitance has an average value of 1.85

picofarads with a range of 1.6 - 2.2 pf. The specification was

empirically established . Diodes having a lower value of capacitance

had saturated output power below the specification value or else

operated at junction temperatures above the specification limit.

Difficulty in tuning was experienced with diodes whose capacitance
was above 2.2 pf , which resulted in poor efficiency .

The diodes were tested at 3.5 Watts power output at a

frequency of approximately 9.5 GHZ. The diodes will typically
* deliver as much as 5 Watts of output power and no difficulty was

experienced with the 3.5 Watt specificatior~; 3.5 Watts is typically
available in a 2 GHz bandwidth, thus the ±250 MHz specification was
readily met as well. The choice of 9.5 GHZ as the test frequency
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was made on the basis of noise measurements. A reference cavity

was available for noise measurements at the selected test frequency.

The efficiency for the X-band diodes was in the range

of 23—25% for the majority of the diodes, which is a good value

for a 20% minimum specification.

The operating junction temperature was calculated from
measurements of thermal resistance and power dissipated during RF

test. A specification maximum of l6.0°C/W is recommended for
thermal resistance. This limit rejects diodes which are very poor

thermally as a result of manufacturing anomalies. Within the

specification limit, diodes are rejectable if the combination of
thermal. resistance and efficiency yields an operating temperature

above 200°C. The following table shows the maximum thermal

resistance allowable for various diode efficiencies.

Minimum Diode Efficiency Maximum Thermal Resistance

20 12.5
21 13.3
22 14.1
23 14.9
24 15.8
25 16.7

The average value for thermal resistance is l3°C/W with
a range of l0-l6°C/W. The average operating junction temperature is

about 175°C.

I
The AM and FM noise are within the specification as

shown by the data. External Q was typically 80 during the noise

k - 
measurement. Actual values were not calculated for each diode. The

external Q was measured by injection locking techniques. The locking

bandwidth corresponding to the specification limit was indicated on

the spectrum analyzer. Conformance to specification was verified by
the operator prior to test but data was not recorded .



- - _‘-~--~,~S.~_’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ ~~~~ - ~-,—--w-’~~ - — S.*~~*~~ **S. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ : i,. - 
~~~~~ ~ _~ _ _  _* ... .~~~~~

_ __-~
___

5.2 Ku-Band Di.Qdes

A parallel discussion to that above applies to the Ku-

band diodes. The Ku-band diodes have typically lower efficiency

than the X—band . Twenty-three percent is a lower limit for the X-
band units , while very few Ku-band devices achieve that value.
This requires a tighter control on thermal resistance to achieve
the operating junction temperatures below the maximum value . Lots
41436 and 41435 have breakdown voltage and operating voltage higher
than Lot 41427. Lot 41427 has an optimized efficiency at 15 GHz,
while the former 1~ t has best efficiency at 14.3 GHz. The lower
breakdown voltage for 41427 results in lower operating voltage and
higher current.

5.3 Group B Testing

The Group B testing consisted of the following sequence
of tests:

1) Operating Life Test (9 diodes of each type)

X-Band Ku-Band
-( Oscillator Frequency : 10.0 ±1.0 15.0 ±1.0 GHz

Oscillator Output Power (mm ): 3.5 2.5 Watts
Oscillator Efficiency (mm ): 20 20 %

Junction Temperature (m a x . ) :  200 200
Ambient Temperature : 25 ±3 25 ±3
Test Duration : 1000 1000 Hours

2) Storage Life — Nonoperating (9 diodes of each type)

Ambient Temperature : 200°C
Pest Duration : 1000 Hours

- - -



3) Nuclear Radiation Exposure (3 diodes of each type)

Power Level: 10 KW

Exposure Time: 7 Minutes

Gamma Exposure: 1.2 x l0~ rads (Silicon)

Neutron Exposure : 1.04 x 1013 n/cni2 , 1 11ev Si
damage equivalent

4) Shock, Vibration, Accelerating, Hermeticity (4 diodes of each
type)

Shock MIL—STD-750 , Method 2016

S.
— 500 G, lms

1/2 Sine Pulse 3 planes
5 shocks per plane

Vibration MIL-STD-750 , Method 2056

2 0 G
50 — 2000 — 50 Hz
3 planes — 4 cycles/plane
3 minutes/cycle

Acceleration MIL-STD—750 , Method 2006

20 ,000 G
3 planes
1 minute/plane

HermetIcity MIL-STD-750 , Method 1071, Condition H

4 hours @ 60 psi Helium
1 x 10-8 atm cc/s~~ . maximum

Test results for Group B testing are included in Appendix I-A. There

were no failures in any of the group tests.
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~3~AYTH EON GROUP B INSPECTIONB[cT p~ r 
p 

~‘.~~~~~~~~~ J SCS—481 TYPE 1 ‘~ JI  i~ ~~~~~ ~~~~~. -

X—BAND DIODES

- SUBGROUP 1 Shock, VIbration , Acceleration, Herineticity

CONDITIONS:

Shock Vibration Acceleration Hermeticity

per MIL—STD-750 per MIL-STD-750 per MIL-STD-750 per MIL-STD-750
Method 2016 Method 2056 Method 2006 Method 1071

500G 20 G 20000 G Test Condition H

1 ms 50—2000—50 Hz 3 Planes - 4 Hours @ 60 lb He
Pressure

1/2 Sine Pulse 3 Planes 1 Mm /Plane

3 Planes 4 Cycles/Plane He—Lea’ Detector
- < 1x 1 3— 8

5 Shocks/Plane 4 Mm /Cycle

Reference attached Environmental The above reliability tests were
Test Lab. Report dated 7/6/77. performed at Raytheon S~!JO byQuality Control Personnel.

- 

4~~~(S.. iç) ~4 
. ~‘~~!i~._

CR~RACTERISTIC P0 F0 
- T~

UNITS II Watts GHz __________ __________

LIMITS ~ iin . 3.5 9 
— 

20 _________

Max. I 11 
____ ____ 

I 200

— 
END POINT * -

- 
I F 

— 
I F 

— 
I I F I I F

Seria Diode I.D.
N 

-
, Operator:

330 414l5B—N—1 3.5 3.5 9.7 9.7 24.2! 24.21 185 19E
331 41415 3— 14—2 3 .5 3.5 9 . 4  9 .6  2:3.4I 24.41 165 158_ Dite: ~ /2-77~

332 414158—14—3 I! 3.5 3.5 9.5 9.5 1 24.O~ 24.81 152 l4T

333 4l4l5B — N —9 113.5 3.5 9.7 9.7 23.01 23.51 190 186 - A p r  ved:

-

~~~~~ 

134 4l4l5B—N—lO~~~3.5 I 3.5 9.7 9.7 I 23.81 23.81 l74 174

b ate . 61/1177

________________________________________________ _____________________________________ ________________________________________  I _____________________________________ ________________________________________ _____________________________________________
— Initial; F— Final

LI _ _ _-  —--- S.
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—S.---- --

~~ RAYTH EON~ GROUP B INSPECTION
~~~~~~~

- - ‘~ ....a SCS—481 TYPE 2
KU—BAND DIODES

F
* SUBGROUP 1 Shock, Vibration, Acceleration, Herineticity

CONDITIONS:

Shock Vibration ~~cceleration Hermeticity

per MIL-STD—750 per MIL-STD—750 per MIL-STD-750 per MIL-STD-750
Method 2016 Method 2056 Method 2006 Method 1071

SOOG 20 G 20000 C Test Condition H

1 ms 50—2000—50 Hz 3 Planes 4 Hours @ 60 lb He
Pressure

- 
- 1/2 Sine Pulse 3 Planes 1 Mm /Plane

3 Planes 4 Cycles/Plane He—Leak_Detector
-: < ] .x 1 0 8

5 Shocks/Plane 4 Mm /Cycle

:4
Reference attached Environmental The above reliability tests were
Test Lab. Report dated performed at Raytheon SMDO by

Quality Control Personnel.

~f

CHARACTERISTIC P~ F0 _________ __________

UNITS Watts GHz 0C

LIMITS M m .  I 2 . 5  14 20 
__________

Max . I ——— 16 —— — 200

END POINT * - I - F I I F I I F I F
Seria Diode l ;D .  

- 

Operator : 
-
~~ 

-

783 41436A—F— 2.5 2.5. 14.1 14.2 20 .71 20.9! 172 170_ ~~~~~~~~~~ (

784 41436A—F— 2.5 2.5 14.1 14.2 20.4 20.21 i~ij  193 Date:

785 41436A-F— I~2.s 2.5 14.1 I 14.2 20.8 20.8~ 1921 192
786 41436A—F— I !2.5 12 . 5  14.1 I 14.1 21.3 I 21.6 1 168 166 ~~~~0c~e~~

_ _ _ _ _ _ _ _ _ _  
I ____ _ _ _ _   _ _ _ _  _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _

_ _ _ _  
I
_ _ _  _ _ _  _ _ _  _ _ _  _ _ _  

Date d ~?i~~77

- 

~t_~~ _ _ _ _ _  _  _  _  _ _ _ _

I — Initial ; F— Final

— 
S.-—
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- -

~~~~THEO -~ GROUP B INSPECTION * 

- -

- -~~~~~~~ -~~~~-- -~ $CS—48l TYPE 1 -

* 

X—BAND DIODES

- -  - SUBGROUP 2 Nuclear Radiation Exposure 
-

CONDITIONS: Power Level - 10 KW

7 MIn. Exposure
- Gamma Exposure — 1.2 x 1O~ rads (Si)

Neutron Exposure - 1.04 x 1013n/cnI2 , 1 MeV Si Damage
Equivalent (indicated by sulphur
pellet dosimetry) .

NOTES:

1 — The exposed devices are radioactive (Av198) and they are being
- 

stored In a controlled access and storage area with Raytheon ’s
flash X—ray facili ty.

2 — Device S/N 574 was a control device; hence, it was not exposed
to radiation.

CHABACTERISTTC 1 F T T.
UNITS I’ Watts GHz % O~

LIMITS 
Miii . 3 .5  9 20 

_________

* Max . 11 
__________ 

200

END POINT I F I 
_____

I F i 1 F I F

S~ ria Diod~~~I ;D .  -

~
_____ ____I____ ____ _________  ____

f 

Operator :

_570 41413A—A—5 i: 3•5 3.5 9 .7  9 .6 5  ~~~~1 24 .1  157 165 ~~~~~~~~~~~~~ ~~~~

571 41413P1—A— 8 I! 3.5 3.5 ~~~~~ ~~~~~~~~~~~~~~~~~~~~ 180 191 
Date: - 

- -

572 4l413A—A—l0 3 .5  3 .5  9 .6  ~~~~ 24.6j2~~~ . 174 1189 _.
574 4 14 13A—A— 12 JI 3.5 3.5 9.6 9.55 24.7 124.0 188 ~~~~~ 

Aprrov.ed:

- 

— __________ _ _ _  _ _ _ _  ____I 
_ _ _  _ _ _ _  _ _ _  

“ ~
_ _ _ _ _  _ _ _ _ _ _ _ _ _ _  ___  _ _ _ _  _ _ _ _  ___  _ _ _ _  ___  _ _ _ _ _ _ _ _  

Date:’ ‘7t’&h) j jI — Initial; F— Func~l

A ~~~~~~~
- - - -  — _ _

~~~~~~~
— --



p -— — .-

LRAYT HEON ~ GROUP B INSPECTION
sCS—48l TYPE 2
KU-BAND DIODES

- SUBGROUP 2 Nuclear Radiation Exposure

CONDITIONS: Power Level - 10 KW

7 llin. Exposure

Gamma Exposure — 1.2 x rads (Si)

Neutron Expcsure — 1.04 x 1013n/cm2, 1 MeV Si Damage
Equivalent (indicated by sulphur
pellet dosimetry).

NOTES:
-
i 1. — The exposed devices are radioactive CAy 198 ) and they are being

stored in a controlled access and storage area with Raytheon ’s
flash X—ray facility.

2 — Device S/N 641 was a control device; hence, it was not exposed
to radiation.

CHARACTERISTIC P0 P0 n

UNITS II Watts GHz I _________ I 
__________

LIMITS M m .  II 2.5 14 20 
__________

Max. — — — 16 I —— — 1 200
END POINT * I F I F I

____  
F I F

S~ria Diod~~,
I.D. Operator: 

-

632 4l43 5 B— A — 4 1 2 . 5  2 .5  14.3 14.2 2 0 . 8  21.1 173 170 -

~ 
—

637 41435B—A—14 I~ 2 . 5  2 . 5  14.5 14.2 120.9  21.8 198 189 Date : -

641 414353—A—20 112 .5 2.5 ]~k4.l  14.1 120 . 1 2 0 . 0  198 I 199

* 642 414353—A—24 $12.5 2.5 14.3 14.6 121.4 21.9 187 I 182 ~~~~~ Approved :

____  ____________ ____  ____  ____  ____  
I ____ ____  ____  ____  “_ _ _ _ _ _ _ _ _ _ _ _ _

_ _ _ _  ___________ _ _ _ _  _ _ _ _  _ _ _ _  ___  I_ _ _ _  ___  ___  
I 
_ _ _ _  

Date :’1
~/~-’/7)

-

~~~~~~~~~~~~~~ 
_ _ _ _ _ _ _ _  

I
_ _ _  _ _ _  _ _ _  I _ _ _ _ _ _  _ _  _ _  _ _ _  _ _ _ _ _ _ _ _ _

- 
I — Initial; F- Final

- --- S. —- -~~~~
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~ 
-l GROUP B INSPECTION

-* ~~~~~~ -:J $CS—481 TYPE 1
- - 

X-BAND DIODES

- - SUBGROUP 3 Storage Life 
-

NDITIONS: — Nonoperating
-- 

— Ambient Temperature 2000C ±3°C
— Duration, 1015 Hours 

-

The above reliability test was performed at Raytheon SMDO beginning
on 5/13/77 and ended on 7/13/77.

-Test monitored by: U -

Raytheon S~9~) Q . c.

CHARACTERISTIC p 
~
‘o T.

UNITS I Watts GHz I
_________  _________

LIMITS J_Min . 3.5 9 20 
_________

~~ Max . !
_ _ _ _ _ _ _ _  

11 
____  ____  

I 200
END POINT * I F 

— 
I F I F I F

Seria Diode I . D .
No. Number -~ 

Operator

131 4l415B—A—3 13.5 3.5 9.6 9.7 23.7 23.5 175 176 ~~~~~ 
- 

-q . 132 41415B—A—4 :- 
~~~~ ~~~~~ 9.3 9.4 12 0.2 20 .31 182 I 18]. 

Date: -7ui c17-~-
.J3_3 41415B—A--6 J13.5 I 

~~~~ 9.8 9.9 24.1 24.9JJ77 I 171
j36 4l415B—A— 9 $13.5 3.5 9.4 9.5 120.7 L2l.4 J~~81 I 174 .Q_*~~ \

AP/roved:

‘38 41415B—A—11 I 3~ 5 ~~~ 9.5 9.6 22.7 23.01191 188 1\.j ~~O4Q~.
,.C(Z— -i---

J40 41415BA1 3 I 3 . s  3.5 9.6 9•7 23.4 22.6I193 199 ~~~~~~ e//TJ 77
143 4l4158—A---16 1 13 .5 3.5 9.4 9.4 22.5 21.11184 197

J47 41415B—A--- 22 1 3 5  3.5 9.7 9.8 21.S.7 24.0~17S 17c

148 4141513A—23 3.5 3.5 9.6 9.7 230 22.7 1 183 186 _______________

I — Initial; F— Final
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~~~~

RAYTH EON ~ GROUP B INSPECTION
- ~~~~— —

~~~~- -~~ SCS-481 TYPE 2
KU-BAND DIODES

- 
- SUBGROUP 3 Storage Lire

CONDITIONS: - Nonoperating
— Ambient Temperature 200°C ±3°C

* 

— Duration, 1025 Hours

The above reliability test was performed at Raytheon SMDO beginning
on 8/3/77 — 9/16/77.

- - Test Monitored by: (1~ 2?7~’!%’/)4L
- Raytheon SNDO Q . c l .

I

CHARACTERISTIC P0 F0 
____________________

UNITS Watts GHz I I °c
LIMITS I_~!~-n . 2.5 1 14 I 20 I

Max. fI --— 1 16 I ——— I 200

END POINT * I I F I i I F I i F I I F
-
~~ Seria Diode I.D.

No. Number 
____I____ ____  ____  ____

I 

Operator:

644 41435B—A—28 I 2.5 2.5 114.0 14.2 121.6 22.0 167_ I 164 
-

645 41435B—A—29 2.5 2.5 14.4 14.5 120.8 21.7 196 I 187 Date :

646 41435B—A—3 1 II 2.5 2.5 14.1 14.1120.3 120.7 199 $ 195
647 4l4358—A—33 $1_2.5 2.5 14.1 14.2 120.9 $21.3 196 1 192 • Appro~red :

648 4l435B—A—35 2.5 J-2 .5 114.1 14.2 120.3 20.1 187 I 189 
-

I I 649 41435B A 36 II_2.5 12.5 114.1 14.2120.8 20.7 178 I 178 Date :’~~7/~~’/7) 
I

- t  650 41435B—A—37 2.5 2.5 14.1 14.1120.6 20.5 189_ [ 190

651 4l435B — A— 38 fi 2.5 12.5 $14.1 14.2~ 20.7 .21.1 189 185

652 41435B—A—41 II 2.5 2.5 ‘14.0 14.2120.0 120.0 198 198 
________________

I — Initial; F— Final

--

~

--- 



f~AYTHEO N ~ GROUP B INSPECTION
—•- .~-J SCS—481 TYPE 1

X—BAND DIODES

- 
* SUBGROUP 4 OperatIng Life

CONDITIONS : Oscillator Frequency: 10,0 GHz ±1.0 GHZ
Oacillator Output Power: - 3.5 W—CW, Mm .
Oscillator Efficiency CRF—DC): 20% Miii.

Iunction Temperature: 200°C Max.
Ambient Temperature : 25 ±3°C
Duration: 1015 Hours

The above reliability test was performed at Raytheon SMDO beginning
on 5/31/77 and ended on 7/13/77.

Teat monitored by: (1 ?2’z4~i~<z~4Raytheon SM~9~9.C.

CHARACTERISTIC II p
0 F0 T .

UNITS 00 Watts GHz % °C

LIMITS Miii. I! 3.5 9 20 
__________

Max. ____________ 11 
___________ 

200

END POINT * :- 
I F I i I F I I F I I F

Seria Diode I.D. 
- 

Operator :No. Number

L34 4 14 15B—A—7 3 .5 3.5 9.6 19.6 123.3 23.3 180 I 180

- 1L35 4l4l5B—A—8 1j 3 . 5  3 .5  9.6 9.7 1 25.2 ~5.2 i~ ô I D te: 1// cl’?
L37 41415B—A—10 113 .5 3.5 9.5 19.5 25.2 ~4.,8 140 I

* 
L39 4l4l5B—A—12 13 .5 3.5 9.5 19.5 $24.3 ~4.2 148 149 ~~proved:

‘at  414 l5B—A— 14 1I 3 ~ 5_ 3 .5 9.7 9 .7  24.3 ~4.4 152 152 
______________

142 41415B—A—15 i~3~ 5 3.5 _ 9.6 I9~ 7 25.1 ~4.8 172 175 I Date i-’ 8/P ?/ 77
144 4 14 15B—A— l7 I !3 .s 3.5 9.6 9.6 123.2 p3.4 145 144
.45 4 14 15B—A— l9 $ 3 . 5  3~~c g~~ 7 ~~~~~~~~ 

~5..1 
1~~~~~~~ ~~~~~~~~~~

— .46 41415B—A—l9 ~I 3 .5 I~ .s 9.3 ‘20.7 20.8 183 
- 

182 ________________
I — Initial; F- Final

_ _ _ _  
- S .-  ~~~~~~~~~~~~~~~ - -  S.—-S.~~~~~~~~~~ 



- - - -- - ~~~~~~-- - - ~~~~~~~ _____S. _ 1T_: 
~~~

[RAYTHEON ~ GROUP B INSPECTION
-

-~~ —.---- —~~~~~~--- ‘ SCS—481 TYPE 2
KU—BAND DIODES

~~~1~
SUBGROUP 4 Operating Life

CONDITIONS: Oscillator Frequency: 14.0 GHz ±1.0 GHz

- Oscillator Output Power : 2.5W-CW , Mm .

Oscillator Efficiency CRY—DC ) : 20% Miii.
Junction Temperature: 200°C Max.

Ambient Temperature : 25 ±3°C

Duration: 1025 Hours

The above reliability test was performed at Raytheon SMDO beginning
on 8/3/77 and ended on 9/16/77.

Test monitored by: (2
Raytheon SI.IDO

CHARACTERISTIC f P0 
_________  _________  _________

UNITS II Watts GHz % 
__________

LIMITS M m .  $1 2.5 14 20 
_________Max . II — — — 16 — —— 200

END POINT * I F I I F ____ I 
____ ____ 

F

Seria Diode l;D. 

I 
____  ____  ____  ____  ____  ____  

Operator :

- 
631 41435B—A—3 12.5 1 2.5 14.2~ l4.2~~ L7t21.9 iai_ 179 -

633 41435B—A— 5 ‘:2 5  2.5 14.2 14.11 21.0120.9 191 192 
Date: * - 

-,

634 4l435B—A—9 112.5 2.5 14.2 14.2 22.0121.9 182 183
- 

635 41435B—A—l2 ‘2.5 2.5 14.2 14.2 21.0121.3 192 189 Q~*C)
APProYed:

636 4l4358-A—13 1i2.5 2.5 14.4 14.3121.5 $22.2 189 183 
_ _ _ _ _ _ _ _ _ _ _ _

638 41435B—A—l5 01 2.5 $2.5 14.2 14.1 21.1120 .9 184 186 Date:’1 ~!/!~~/7)
639 41435B—A—16 !$2.5 I 2.5 14.1 14.1 21.1 $21.1 190 190

640 41435B—A—1 9 112.5 j 2 5  142 1 4 2 12 n c J 7 lS .n 1 1L1 12Q

- - 

~43 41435B—A—25 !12.5 2.5 14.1 14.1 21.5 121.4 185 1186 _______________


