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! INTRODUCTION
This program as originally set up was intendad to provide a means for an
in depth investigation into certain FET problems and to accomplish tasks refated to
GaAs FET's. The tasks/problems to be investigated were to include as a minimum the
following items:
JES DC drift
2 RF drift
e Assymetry
4 Non linear contacts
5 Epi layer, contasts and Rcon
6. Noise mechanisms
s Gunn mode
8. Cooled noise figure to 77°K
9. Reliability
10. Break up

)5 18 Bum out
12, Buffer layer limitations
19, Loops

Hp |
14, High GOut buffer

In addition to the items listed above, the effect of capazitance in FET's has also
been investigated. During the first six months of the progra:m all of the problem/tasks listed
above were investigated with the exception of:

) I Noise mechatisms

2. Cocled noise figure

Gs Bum ot

Those items not reported on during the first six months will be investigated during

the latter half of this contract,

" NARRATIVE AND DATA

1. DC and RF Drirt

The work on this contract directed to investigating the origins of drift is an
extension of work that had already heen started at Avantek before the award of this program.

Prior to this program, Avantek had ascertained the following facts regarding DC and RF drifi:




C.

The largast part of RF and DC drift is a surface oriented
condition.
RF drift with the exception of the initial short term drift,

“can %e eliminated by depositing polycrystalline gallium

arsenide on the surface of the FET between the gate and source
and the gate and drain.
All available FET's other than Avantek, also exhibit DC and

RF drift to a greater or lesser degree.

During October, at the request of ECOM, the investigation on drift was re <nitiated

at Avantek. The purpose of this investigation will be to define as accurately as possible,

the actual causes of drift and now PGA affects the cause itself. This new investigation,

which has just begun, has yielded several new pieces of information regarding drift.

A.

The drift characteristics of compatitors' devices can also be stabilized

by the application of PGA, if the device has not already been

passivated with another material.

The application of PGA has a very minor effect on the input cap -

acitance at the terminals of a1 FET. Figure 1 shows how the capacitance
is changad for an FET before and after the application of PGA.

The application of PGA affects transconductance and,at least
dimensionally, capacitance. This means that the frequency
characteristics of an FET are altered favorably by thé applica-

tion of PGA. '

The alteration of the drift characteristics by the agplication of PGA is illustrated

in Cigure 2. Note that the initial drift which lasts up to a minute or le s is not affected by

the PGA but the long term drift is the portion which is actually stabilized. Transistor run,

183C, from which these transistors were taken, does not have very severe drift. While from

the point of view of making driftless transistors, this is desirable, it makes testing the

differences in PGA devices rather difficult. From Figure 2 it can be seen that the total

drift actually amounts to only a small frastion of the operating current of the device., The

differenzes in the RF characteristics are also not greatly different as can be seen from Tables

| and 1l which show the S parameters of the FET's, In order to improve the accuracy of the

measurement of PGA and non PGA devices it will therefore be necessary to make more FET
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runs in which, it is hopad, the differences will be large enough to make them measurable.

The plans for this portion of the investigation are then as follows:

Build more FET's without PGA in order to find a run which
exhibits fairly severe drift.

Buitd up FET's out of this run,

Test the FET's completely for RF characteristics, DC

(1)

(2)
(3)

(4)
(5)
(6)
)

characteristics and drift,
Apply PGA to the transistors tested in (3),
Retest all of the transistors for drift, DC and RF characteristics.

Analyze results and build a model.

Apply tests to check validity of model.

At this time it is possible to speculate only as to the nature of the changes in the

transistor which occur after the apnlication of PGA. Dimensionally, it is expected that

the mechanisms causing drift can be modeled like variable capacitances but will actually

be time -dependent traps, It also appears that tha location of these traps is near the periphery
of the FET gate.

2

Backside Gating Phenomena

A number of the problems which were delineated at the time this program was

sta*ted nave been traced to the interface layer between the active layer and the substrate

or buffer, if this is used. Most of the effects occur only in non-buffer devices. Some of

these effects are:

0
0
0

0

Assymetry

Non linear contasts
Break up

Loops

A brief discussion of each one of these phenomena follows with an explamation as

to how the buffer layer alleviates or eliminates the effect.

Very often when the active layer is grown directly on a tin doped substrate, a P

layer is formed at the interface between the astive layer and substrate, The P layer thus

formed can, under zertain circumstances, act as a backside gate since the P layer togather

with the N active layer, foma PN junction. This is shown schematically in Figure 3. If
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the drain is made positive with resp2ct to the source while the gate is connected to the
source for an Idss measurement, the "backside gate" is automatically biased in such a

way so as to pinch off the active layer from the hack., This is because in most transistor
designs, the source is tied to the substrate while the drain remains isolated. It also means
that the source and the backside PN junction ave hoth connected together at zero potential.

If an AC signal is used on the curve tracer to delineate 1dss, both in the forward and reverse
directions, the value for ldss in the
forward direction (which is such to make bazkside gating possible), wi!l show a much reduced
valua, Figure 4A shows this phenomenon.

The most effective solution to this problem is the application of a good buffer layer.
The buffer layer, if of sufficient thickness, and low enough doping density, can prevent
formation of a P layer rext to the active layer. The critical minimum thickness for the buffer
layer is the ordar of 3to 5 microns.

If the impurities which diffuse out of the substrate and form the so called anomalous
or P laver, are to he prevented, the total numher of charges in the huffer layer per unit area,
must exceed those in the substrate itself. Thus, the minimum requirement for the thickness
on the buffer layer. Figure 5 shows the curve tracer characteristic for a buffered device.
Note that it has no loops which is another characteristic of devices utilizing buffer layers.

One form of the non linear contact is just another aspect of the backside gating
problem. The effect of assymetry dascribed above can occur on devices without gates as
well as those with gates, Thus the assymetry shown in Figure 4A could also be used to
describe the set of contacts where backside gating was also present. Another form of non-
linearity encountered in contacts is the depressed shoulder on the saturation characteristic
which appears to be a form of premature saturation, It is caused by the backside gate taking
on a charge which later, due to carrier accumulation or other causes, disappears allowing the
transistor to reach its final and normal current saturation. A more extreme form of this defect
is shown in Figure 4D, This is often called break up - where the transistor goes into what
appears to be a normal saturation characteristic which is followed by a secondary saturation
at a much higher current level. During the transition from the lower saturation current to the

higher saturation, the device is extremely noisy and may have oscillation problems. {tis

easy to visualize thru the action of backside gating that the transistor saturates prematurely
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Figure 5
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due. to pinching off of the channe!l from the backside. However, the loss of contm! by
the backside gate and the eventual resaturation of the transistor at a higher level is more
difficult to explain. It is possible that there is an accumulation of carriers near the pinched
off end of the channel, which when it becomes large enough, disperses, thus causing a
high noise level and a higher current level. During this investigation it was found that two
methods of controlling the backside gate phenomena were avai'able. First of all, by doping
the channel more heavily (e .q. 1017) the incidence of backside gatina, including break
up and assymetry in the contacts, could be reduced to a very small percentage of the total
transistors, However, the use of a buffer layer proved to be the most effective means of
combating this problem. Providing the buffer layer is thick enough, backside gating is
not present, Experimentally, it was datermined that a critical value for the thickness of
the buffer layer is in the order of three to four microns. For a conservative design thus, a
six micron buffer layer thickness is desirable.

3. Contact Resistawce and Epitaxial Layer

Sometime before this program was begun, it was noted that devices built on very
lightly doped active layers or on very thin normally doped layers (e ,q. == 1017) were very
sensitive to the alloying cycle as it affected the contact resistance.  Figure 6 shows
the effect observed. For devices built on very heavily doped substrates with N+ layers
under the contacts the effect was negligible or not present at all, The effect was also less
pronounced on transistors where the active layer was very thick where the contacts were
placed, and the gate was located in an etched down region.

To explain these phenomenon a new mode! of the contact resistance for gallium
arsenide FET's was needed. The usual model for contacts on semiconductors[l-‘ is based
on a transmission line as shown in Figure 7A. Among the assumptions made wid: this type
of modal is that the thickness of the epitaxial layer, or the layer upon which the contact is
made, is many times thicker than the penetration of the contact itself into the layer. For
very thin layers such as are used in gallium arsenide microwave FET's this assumption
may not be valid. A modified transmission line model is therefore proposed which recognizes
the importance of the penetration of the contact into the epitaxial layer. Figure 7B shows
the mode! and the appropriate equations which have been developed from this model. Using
this model it is now possible to calculate the contact resistance for contacts on gallium

-14-




Contact Resistance
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arsenide for varying degrees of penetration and epitaxial layer characteristics, Figure 8
shows calculations for three types of layers, The lightly doped layer has a very steeply
changing zharasteristic and is minimum at zero penetration. The middle curve which is for
a typical FET is nowhere near as sensitive to the contact panetration whereas the bottom
curve which was calculated for a relatively heavily dopad layer shows that it is very in-
sensitive to the amount of penetration of the contast.

The results of this part of the investigation have been quite useful since they have
pointed out the necessity of either using N+ contact layers or using relatively thick active
layers under the contacts and thinned regions under the gates.

4, Gunn Mode

For transistors that are built on semi 4nsulating substrates without a buffer layer
there is a fairly wide transistion region between the active layer and the substrate which is
capable of sustaining Gunn oscillations. Measurements taken on devices exhibiting oscil -
lations of this type has shown that the frequency lies between 27 and 40 GHz. From a
circuit viewpoint, it is impossible to suppress this type of oscillation since the electrical
length within which it occurs is normally much shorter than the uining length of the elements
required for an amplifier in, say X-band. The most obvious indication of Gunn oscillations
is the charasteristic on the cuwve tracer as shown in Figure 4C,

The solution to this problem is, obviously, the elimination of the anomalous layer
between the active layer and the substirate. A small parcentage of all substrates are free
from Gunn oscillations after the active layer has b2en grown., However, the selection of
substrates as a solution to the Gunn oscillation problem is not considered practical from an
economic viewpoint. A much better approach is simply to build in an adequate buffer layer
between the substrate and active layer. In ordar to insure the elimination of Gunn oscillations
it appears there is a minimum thickness for the buffer layer, in the order of 6-10 microns.,
No Gunn oscillations have been enzountered in buffered devices, providing the thickness of
the epi layer was adequate.

5. Reliability

The reliability of gallium asenide FET's has been a subject of considerable interest
and speculation. Of all the activities which have taken place on this particular program,
reliability has by far atrracted the most interest from Avantek's customers and others interested

A7
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in gallium arsenide FET amplifiers, in general. Early Esaki and Gunn devices suffered
from reliability problems associated with the material itself, As aresult, some potential
users of gallium arsenide FET's, were initially at least put off by this record, However,
at this time, it appears that the reliahility of GaAs FET's will be excellent and perhans
better than many other solid state devices. These improvements in reliability can be attri-
buted to two factors:
0 Gallium arsenide material has undergone a
tremendous improvement in quality since the
early days.
0 The doping levels usad in gallium arsenide
FET material , particularly for the active
layer, are such that reliability problems would
be very unlikely.
The results of thic orogram to date indicate that the reliability of gallium arsenide
FET's operated at a junction temperature of 100°C should he in excess of 106 hours .
A brief outline of the reliability program is as foilows: .
Approximate ly two years ago Avantek made a reliability study on gallium arsenide
FET's and FELT amplifiers with test temparatures up to 100°C, Although the tests con-
tinued for almost two years, no failures were encountered which in itself was a very en-
couraging result, However, since there were no failures it was impossible to determine just
what the MTBF of FET's would be. The first phase of the ECOM program was therefore
dedicated to determining at what temperature FET's would start to fail. This information
could then be used to make more extensive tests to find the actual MTBF . The second phase
of the test would then consist of oparating FET's at an elevated temperature or temperatures
and recording the number of failures versus time. By doing the latter test at more than one
temperature, a redundancy in the data is obtained which would give a considerably greater
degree of confidence in the numbers derived. Phase Il results would yield,in addition to the
actual number for the MTBF, a number for the activation energy, and finally, the rature of the
failure modes. Phase | has now been completed. The details of the test are as follows:
A total of fifty packaged one micron FET's were completely tested for all DC para-
meters and RF narameters at 6 GHz. One half of the group were mounted  on test boards

designed to keep the transistor under bias at the temperature of the test. The other half

-19-




of the sample of fifty were simply stored in a petri dish in the test oven. The test itself
was a step stress test with 25°C increments in the test temperature and a dwell time of one
week (168 hours). The initial test temperature was 125°C. As the temperature was in-
creased the test boards holding the biased transistors failed at 150°C. Since the test
boards were of epoxy fibergias construction, the failure was not unexpected. Therefore,

the transistors under bias had to be eliminated from the test at this point, The first
transistor failure nccurred afer the devices had been aged for one week at 200°C (a failure
is a device which can no longer be biased nommally or has a noise figure increase of 1/2 dB).
The first failure was an abnormal increase in the gate source leakage which quickly became
a gate-source short as the testing pregressed. This kind of probiem occurs frequently when
life testing active devices: a device is degraded in doing the life test and is converted to a
complete short during the actual testing of the device. The problem arises from the fact that
in FET's the amount of energy to cause a massive failure is extremely small once the failure
is initiated,

The test continued on until 275°C was reached, at which point a total of ten devices
had failed. The results are dicplayed graphically in Figure 9. The results were then replotted
on reliability paper (Figure 10). For a step stress test, this type of plot yields one useful
piece of information, i, e., the temperature at which the average life of the device is equal
to the dwell time of the test. Thus, the data shows that at 302°C the average life of the
FET would be 168 hours or one week,

A step stress test carried out at only one dwell time does not yield the activation
energy of the failire mode. The step stress test just described did however, indicate the
types of failures to be expected with FET's operating at elevated temperatures. The two
types of failures were:

0 Gate degradation; gate short or high leakage
) Contact resistance increase

Both of these failures are related to the migration of gallium through the gallium
arsenide. This conclusion was reached hased on the fact that we were able to find local
accumulations of pure gallium at the points where the gates shorted to the source in those
devices which failed in that manner. For the transistors that failec through degraded noise
figure, as a result of increased contast (Figure 11) resistance, the contacts themselves
showed (by means of an Auger analysis) that gallium had migrated all the way through to the
top layer of the metal,

-20-
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Published data, particularly from Bell Laboratories, indicates that the activation
enzrgy for the migration of gallium through gallium arsenide lies in the .8 to 1 electron volt
range, Using this fact we can conastruct an Arhenius plot on the assumption that the activa-
tion energy in near 1 electron volt., The starting point on the plot, of course, is 168 hours
MTBF at 302°, Such aplotis showninFigure 12. This plot indicates that the MTBF for
an FET operated at 100°C would be 5X1 06 hours, approximately, '

Before starting the final phase of the reliability test it was necessary to redesign
the carriers for the transistors in order that they would be capable of standing temperatures
up to 275°C. After examining the properties of various insulators available, it was determined
that the only type of carrier which could be considered reliable at elevated temperatures such
as would be needed for this test, would be ceramic. In addition, it would be necessary that
the wiring and sockets for the test fixtures be capable of withstanding up to 275 or 300°
in the oven. The new test fixture is shown in Figure 13. The base material is aluminia
with nicke!, overlaid with silver, contacts. The connecting wires which hold the ferrite beads
are pure gold and are welded to the metal overlay on the ceramic. To hold the transistor agains'
the ceramic base, a machinable glass disc is used. This disc in turn is held snugly against
the ceramic by means of an incone! spring. The entire assembly is capable of withstanding
temperatures up to 400°C.

The wiring for the oven is made of nicke!-lad copper in a teflon fiberglas insulator.
The sockets themselves use contazts formulated from a spacial berrilium-copper alloy. Some
of the special companents such as the sockets are available only on special order, This has
slowed down the building of the final test chamber to opzrate to 300°C., The fixturing has
been partially completed and checked out. The remaining test sites in the oven await the
arrival of additiona! spacial card sockets.

6. Buffer Layer and Capacitance Problems

At the time this program was begun it was known that buffer layers, while solving some
problems, could introduce other problems of their own, For example, it was known that if the
conductivity of the buffer layer were not low enough, a high output conductance would result
which would decrease device gain. However, this problem turned out to be relative ly minor
compared to some other ones which were discovered as the buffer layer implementation pro-

gressed. The first problem is assoziated with the capacitance between the gate pad and the

il a
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source of the transistor. For an FET to be easily bondable the area of the gate pad must

be many times the area of the active gate. The ratio of the area of the gate pad to the astive
gate can be as low as 10 and as high as 70 for the various devices we have examined, The
gate pad-4o-source capacitanze is a pure parasitic, which reduces the gain of the transistor,
particularly at the higher frequencies. The magnitude of the capacitance between the gate pad
and source depends upon the width of the depletion layer under the gate pad as well as the
gate pad area. Thus, a larg2 or wide depletion layer under the gate pad would tend to min-
imize the gate pad capacitance. In ordar for this to occur the doping level for the material
adjacent to the gate pad must be very small relative to that under the active gate in the
channel. The total gate source capacitance can be written as follows:

1/2
Cgs = Area of gate - qNactt_.,\. l
N 2<v+cp iy
Nbuff £€ ~l
+ Area of gate pad ° __aNbu £ = Cqg+Cp
2v+ p2) |
Where Cgs = Capacitance of astive gate
Cp = Capacitance of gate pad

The above a2quation ¢ an be written in a somewhat more useful form which will show

the importance of the various parameters affecting the gate pad capacitance.

Cgs = Cg |1+ _Ap [ Nbuff 1/2;
Ag Nactive 3

The ratio of A:-— is, of course, most unfavorable the larger it is. Itis worst for
FET's with very short gates (1/2 micron or less). The Avantek 1/2 micron FET has a ratio

of 30 which, although high, compares favorably with competitive designs having ratios of 40
to 70. Using a ratio of 30 and an active layer doping zonzentration of 10 7 , the maximum
doping level in the region under the gate pad can be calculated for a given contritution of
capazitance from the gate. For example, if the coatribution of the gate pad is to be kept to

only 107 of the total capacitance then:

7




Ap " Nbuff

—

Ag | Nact

Then Nbuffer = 1.1X10

Ny :
;‘ 0.1 ; AP =30, Nact=1017

Ag

12

The above result indicates that the doping level under the gate should be in the

1.012 range or less in order that the gate pad would not contribute significantly to the

total gate capacitance.

While examining the gate-to-source capacitance in relation to the gate pad problem,

it was discovered that the measured gate -to -source capacitance of an FET was always

somewhat higher than the calculated value. An anomalous excess capacitance has also

been reported by a research group at Stanford (Reference 2). As a result of the work on

this contrast it is now believed that the anomalous capacitance is actually the capacitance

of the side wall of the depletion lajer under the gate. The experimental evidence is very

strong that this is indeed the case. It is felt that this result is new and worth publishing.

A paper has been prepared and submitted to ECOM for approval to publish. The paper is

included in Appendix | of this report,

H TEST SAMPLES

Four test sample transistors were delivered to ECOM (CLIN 0003) during the
interval covered by this report, The samples were:
A. 2-1/2 micron FET's on huffer layers
B. 2-1/2 micron FET's
(a) one with polycrystalline GaAs passivation

(b)  one without polycrystalline GaAs passivation

The buffered devices were included to demonstrate the advantages of such a type

of structure (See Section1). The second sample, included at the request of ECOM, demon-

strates the difference between passivated and unpassivated devices.

The data were presented in the form of a Test Report and included:

o}

(o]
0
(o)
0

DC test data

6 GHz noise figure and gain
S parameters (HP, ANA)
Curve tracer photos

Other data

“PRE




One of the major objectives of this program to increase the high frequency limit
of FET's. The devices included in the sample are useful up to 18 GHz providing they are
properly mounted. A standard FET package is useful only to about 10 GHz. Avantek has
developed a zarier and transition which can bhe used to ahove 20 GHz. A test fixture
complete with two microstrip to coax transition was therefore supplied to ECOM. Since the
quality of match is a very important feature of the transition the return lcss of each tran-
sition was measured. A short segment of microstrip terminated in a precision 50 ohm resis-
tor was used for the test, The results are plotted in Figures 14 and 15. Through most
of the rang2 from 2 to 18 GHz, the return loss exceeds 24 dB (VSWR=1.2).
v WORK FOR NEXT PERIOD

ECOM has requested that the work in the last half of the contract period would
includa an investigation into the exact causes of FET drift and how polycrystalline gallium
arsenide affects this drift. A number of transistor nins will be made in which the slice is
prepared with and without polycrystalline gallium arsenide. Transistors from these lots will
then b2 assembled and tested for drift. {f the drift is severe enough the transistors will then

be considared candidates for more extensive tests, The tests will include the complete measure -

ment of drift and RF characteristic of the transistor before the application and after the ap -
plication of PGA. From this data a mode! can be built up which shows how PGA actually
affects the device and what known physical properties could be responsible for these changes.
In addition to the drift investigation, noise mechanisms, cooled noise figure, and
bum out levels, will be examined in the last half of the contract period.
v CONCLUSIONS
Ouring the first half of this program a number of significant accomplishments were
realized.
0 Buffer layers were applied to transistors with the result that
Gunn oscillations, break up, looping, and other backside
problems were eliminated.
0 A more accurate model for metal contacts on thin epitaxial layers

was deve loped.

0 A reliability study was initiated which results to date indicate
that FET reliability will he excellent with MTBF's in the 106 range.
0 A more complete model for the gate of an FET was developed which

includes capacitances not heretofore known 2r d2fined.
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Avantek

ANOMOLOUS GATE CAPACITANCE IN GA AS FET's

Introduction
It has been reported that Schottky harrier diodes (S, B.) on GaAs exhibited an

excess capacitance which was designated as Co. flJ A similar capacitance has been

found associated with S. B, gates on FET's. The value of Co measured varied from about
10 to over 507 of the actual active junction capacitance. As aresult of this study it is
now believed that this excess capacitance is associated with the sidewalls of the depletion
layer. A synthesis of the C(V) plot using this theory and  two models, produces a plot

which hoth qualitatively and quantitatively duplicates experimental curves made from an FET,

Analysis )
Figure 1 is aplot of C vs [V +¥ "1/72 taken directly from an FET . Adjustments
have been made to C, to take care of package, bonding pad apd other extraneous capacitances,
Using the medhod of [1] a value of ,075 pf for Co is obtained by extrapolating the flat region
of the plot throuch B/ + @]'1/2= 0. The total gate capacitance is 0.440 pf when the
device is biased for Id =15 ma. Subtracting Co from this value gives an active gate
capacitance of 0.36 pf. This number is in good agreement with the calculated value of Cgs
based on the material profile. Thus Co seems to be an extraneous capacitance, not accounted
for in the usual calculatation, .

The exact shape of the depletion layer under the gate is not agreed upon in general,
so a simplified synthesis is proposed as follows: Refer to Figure 2. To provide for a
tractable analysis, Cgs is broken up into two components; C1 the depletion layer capacitance
and Csw, the sidewall capacitance. This model is not exact since it assumes a vertical edge
to the depletion layer, rather than a curved one. The sidewall capacitance, Csw, is that of two
orthogonal planes displaced by a distance equal to the depletion layer width, Xd. Capacitance
per unit length for this tepology is available in a closed form [2.{ Using the original notation
[2 ]: '
2ee. k0 [Ka4d Y27 (%)

_Csw =
Wg
(3 = die lectric constant of the medium
€o = parmativity of free space, 8.85X10°14
Wy = gate width

*The factor 1/2 iz needed since the FET is not symmetrical about the X axis.
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2, 172

K (k) and K (1 k%) are complete elliptic integrals, and

2 2aflewn® +a2] 1% [+ 22]172 2)
i {[c+b) + az_l ; +a:’-17_]

This expression for k can be simplified somewhat by noting that

© (]

X Shgar v BE

|E=

. Til s p2a] Vg

k S p’ _ WS s

{[1+L 2+1]1/2 1}

Using this method, the values of C1 and Csw were calculated for an FET with

the following parameters:

Lg = 1uM ¢ = o.8v
e | Vo = 2.09V
tepi = 0.2,uM

Wg = 500uM

E = 12.5i.e., GaAs

Table 1 presents the data for values of X varying z0.05 to 0,3 uM, The pinch
off point is 0.2 uM.

Since the vertica. dimension of the sidawall increases as X increases, Csw remains
essentially constant while C1 varies appreciably, If C "1 + Csw is plotted vs V +SO 1/2
the curve of Figure 4 results, Compare this plot with Figure 1. Up to the pinch off point,

the plots are almost identical, as to slop2 and Co intercepts.

An alternate mode| for the sidawall capacitance is obtained hy computing the charg:

contained in a cylindrical quadrant as shown in Figure 3. The total charge is
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1T x2
=aN 1T _ Wg
st ¥ 54

For an abrupt junction,

v=X_oN__ (5)

Then computing C,
Csw =104V (6)

= _KZE_C_LWE_

.0 d.7X 10-12 Wg, and is independent of X

For the transistor considered Wg is 500 yM, and Csw = ,086 pf

This valuz is in somewhat hetter agreement with the axparimental results, since the
quandrant is a better approximation of the actual d2pletion taver shap2. Beyond pinch -off a

more complex model is required and

172
z <l R
csw® geWpsn [ ] N

ALV, sinl | = T (8)

and equations (6) and (7) agree.

Since Csw is not associated with the channz| modulation, it is desirable that the
ratio Csw/C1 be minimized. This means (Tahle 1) that the device should be operated at
low gate -hias, However, a low gate bias means high Id land 1igh noise figure) unless the
FET has a value for Idss closer to the normal oparating current, We have observed that lower
|dss.devibes in general have better f parformance. The sidewall capacitance may he the critical
factor, l '
Beyond pinch off, the sidewall capacitance is the dominant component of Cgs. It
should be noted that the extrapoiated value of Co is always slightly largar than that obtainad
bayond pinch off. This is hecause, Csw continues to deplete to a value less than that in the

active region, i, e., Co,
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Circular diodes are commonly used to profile epitaxial material. Since the sidewall
capacitance is a possible source of error, it is useful to compute the minimum diode size
to insure that the profile is that of the region of interest. For example, if the active layer is
0.2 uM and the buffer 10 microns, and an accurate measurement of the buffer is desired,

there will be a minimum diode size for any degree of accuracy.

13

Letting X active =0.2uM , N buffer10
17

X buffer =10 uM , N active = 10

At pinch off for the buffer

Cl = ffcn]dz \ ]

X active + X buffer

__ E&Td°
4.08X10°

3

The woltage to pinch off the buffer and active laver is:

Vtotal = VPaqtive +Vp buffer
_ 2,09 +(X,u )2 G N buffer

2 ¢¢,

32 uin-19, 13

Y} (10" 1.6X10°-7 (10"
= 2.09 + : -

total = 2.09 + 55 s 85X 109
= 2.09 +.72
= +2.81V

Then the sidewall capacitance is (Eq. 6)

1 —-

C.,= EE T sin "r'f v,

iVt

=1.04 T dcs,

UV YT SNBSS G e S BT 1 W S BT . T £ ooy
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If 1%, accuracy is desired? Cl/csw =1G0
d ——
1.,08X20-% x 1.04

100 = Cl/Csw =

d 4 0.5¢m

Where an accurate profile of the active layer only is needed (the usual case), then:

B ANER I . £5. 7 d°
1 4(.2X10% 0.8X104
2
Cow= E6.7Td S,y = £&0d
2
Therefore:
AT TR Ll PR
. [7(1.6X10™h
SwW

dmin= ,0/:{cm

v d
= 5 mils

Conclusion: The value for sidewall capacitance has been computed using two models, with a
radically different approach. Results were both very close to the experimental data, Whi'e the or
thoganal plane model is not as accurate as the other model, it does have the advantage of a

single expression for Csw which can be used both below and beyond pinch off for the active

layer. The computation for minimum diode size indicate$not only the size needed, but also

that an FET gate profile cannot delineate the buffer without corrections for Csw.
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(2) American‘lnst. of Physics Handbook, McGraw Hill, New York, 1972, p. 5-16, eq. 6.
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