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Proton Isolation for GaAs Integrated
Circuits
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Abstract — Significant improvement in the electrical isolation of closely to 3-pm finewidths and is easily removed. High temperature storage tests
spaced GaAs integrated circuit (W) devices has been achieved with proton have demonstrated that proton isolation, with fffetimes on the order of 105
implantation. Isolation voltages have been increased by a factor of four in h at 290”C, is not a lifetime limiting component in a GRAS IC process.
comparison to a selective implant process. In addition, the tendency of
negatively biased ohmic contacts to reduce the current flow in neighboring I. INTRODUCTION
N&SFE~S (backdating) has been reduced by at least a factor of &es. The

GaAs IC compatible process inclndes implantation of protons through the T HE SUCCESSFUL design and fabrication of medium-

SiO, field oxide and a three-lavered dfelectic-Au mask which is definable and large-scale GaAs integrated circuits (IC’S) requires.
a Ii@ degree of electrical isolation between closely spaced

acti~e deices. Traditionally, mesa etched [1], [2] and selec-
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tive implant [3] processes have been used to isolate GOAS

nology Center, Santa Rosa, CA 95404. IC’S. These processes can result in significant current flow
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(b)

Fig. 1. (a) Cross section of a gate-to-ohmic isolation test pattern fabr-
icated with a selective implant process. (b) Curve-tracer photograph of
the current-voltage characteristic for the test pattern diagramed in
(a).

between isolated patterns separated by five microns or less.

In this work, proton implantation is used to achieve a

dramatic improvement in the electrical isolation of GaAs

IC’S.

A typical isolation characteristic for a selective implant

process is displayed in Fig. 1. The test pattern consists of a

gate metallization on semi-insulating GaAs separated by 3

pm from an ohmic-contacted n-type region, The measured

current versus voltage characteristic is rectifying. Signifi-

cant current flows when the gate metal is biased positively

with respect to the ohmic contact, but negligible current

flows with the reverse polarity. While the 5.O-V breakdown

or isolation voltage is typical for selective implant and

mesa isolated structures, lower isolation voltages, on the

order of 2.0 V, are often observed. The variability in

isolation voltage can be partially attributed to surface

conditions, including chemical treatments and the presence

or absence of dielectric passivation. Asymmetric character-

istics are also observed when an ohmic metallization di-

rectly contacts the semi-insulating GRAS substrate. In both

cases, high fields at the edges of the metal/semi-insulating

GaAs interfaces are believed to be responsible for the

relatively low breakdown voltages.

A second detrimental effect related to insufficient isola-

tion is backdating. It occurs when a negatively-biased

n-type region is in close proximity to an operating GRAS

MESFET. As the negative bias on the ohmic contact is

increased, the active layer-substrate depletion region be-

neath the MESFET widens, resulting in decreased current

flow. In a typical mesa or selective implant wafer the drain

current is reduced by 10 percent with only – 3.0 V applied

to a backdating ohmic contact separated from the MESFET

by 5.0 pm.

“The relatively low degree of electrical isolation in mesa

and selective implant processes can lead to significant

circuit design constraints, including an increase in mini-

mum spacing rules, reduction in packing density, and

severe design complications. Proton implantation con-

stitutes a potentially superior isolation process. Implanta-

tion of protons into GRAS has been used successfully to

isolate discrete diodes, lasers, and MESFET’S [4]–[ 11].

Extensive characterization has indicated that proton

damage is capable of producing high resistivity, thermally

stable layers in both n and p type GaAs [4]–[9]. Recently

proton [12], [13], as well as boron [14] and oxygen [15],

ion-implantations have been applied to linear and digital

monolithic IC’S.

This paper describes a GRAS IC-compatible proton iso-

lation process, with emphasis on the electrical (isolation

and backdating) characteristics” important to medium- and

large-scale integration. Proton damage characterization and

process development are presented in the second section.

Measurement results including isolation, backdating, and

reliability are described in the third section. The fourth

section contains a summary of the work and important

conclusions.

II. PROCESS DEVELOPMENT

The major objective in developing an IC-compatible

proton isolation process is to eliminate isolation as a design

consideration. The HP Santa Rosa GaAs IC process [16] is

designed to fabricate small- and medium-scale gigahertz-

bandwidth digital and analog IC’S. For this type of tech-

nology, greater than 1O-V isolation is required between

patterns separated by the minimum spacing of 3.0 pm. To

achieve this goal, a proton implantation mask must be

designed which can be defined to a width of 3.0 pm while

adequately protecting active areas from proton damage. In

addition, the protons must be. implanted through the Si02

anneal cap which is retained as a field oxide in order to

optimize surface passivation and minimize process com-

plexity [16]. The process features to be established are: the

minimum implant energy required to achieve sufficient

isolation; and the optimum dose for the specific active

layer profile and temperature processing [16].

A. Proton Damage Characterization

Proton implantation into GaAs creates damage centers

which effectively trap electrons and holes. These traps

reduce the conductivity of an active layer by removing

mobile electrons from the conduction band.

The damage profile has been characterized by measuring

the mobile carrier concentration (with the CV technique)

before and after partially compensating proton implanta-

tions. These measurements have been performed over a

range of implant energies and doses. Typical results are

plotted in Fig. 2. The initial electron profile is constant at

6X 1016 cm-3 to a depth of 0.6 pm. Protons are implanted

through the 4200-A Si02 field oxide at an energy of 110

keV, which is large enough to penetrate the active layer.

The electron profile is remeasured indicating the shape and

magnitude of the as-implanted proton damage as a func-

tion of proton dose and energy. The results in Fig. 2
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Fig. 2. The electron concentration n versus depth (measured by the CV
technique) before and after partiafly compens~ting proton implanta-
tions. The protons are implanted through 4200 A of Si02.

indicate that the damage (electron removal) concentration

increases linearly with dose for the relatively low, partially

compensating proton doses shown (4.0, 5.0, and 7.0 X 1011

cm-2)-
The concentration of eleetrons trapped or removed from

conduction, An, can be computed as a function of depth

by subtracting the electron profile after proton implanta-

tion from the initial electron profile. The results for a dose

of 6.0X 1011 protons/cm–2 and energies of 100 and 115
keV are plotted in Fig. 3. The protons are implanted

through the field oxide. The total number of electrons

removed from conduction can be estimated by integrating

the electron removal profiles. Dividing the integral by the

proton dose results in an electron removal rate of three

electrons per proton. This implies that, at this relatively

low dose, the average proton creates enough damage to

trap three electrons. As will be discussed below, the elec-

tron removal rate may be somewhat lower for the high

proton doses required for complete compensation.

The electron removal characteristics plotted in Fig. 3

indicate that the shape of the damage profile is relatively

independent of implantation energy while the depth of the

as-implanted damage profile increases witli increasing en-.

ergy. This effect is examined more closely in Fig.. 4 wpef?;

the depth of the damage peak is plotted as a function ,61

energy for proton implantations with and wlt-houl, thei SiOz.

Fig. 3. Electron removaf A n versus depth for two implantation energit :s.

Fig. 4. Depth-of as-implanted proton d~age peak versus implantation
energy’ with rmd without 4200-A Si02 field oxide.

required for complete compensation (between 1.0 X 101’1

and 1.O-X 1015 protons/cm2 ), significant damage extends

beyond the’ depth of the damage peak. After proton im-

p~~n@pn throtgh the field oxide, with a dose of 5x1014
protonsjwii?” and energy of 140 keV, CV measurements

indicate full” compensation extends to approximately 0.’3

p&. Sinc~ the” 140-keV implant through the oxide corTe-
field oxide. In both cases, the depth of the damagk ‘p&&~: $pod~ @,a. &-lceV implant direetly into GaAs, the mea-

increases at a rate of 0.65 pm\ 100 keV. The offse~ b.etweeri,~.’ su~+ d@l .~r~i well with Previously reported values [4],
the damage pe&s with and ~tfiout me ann~~ cap- i~~-- ‘-- [8] @etw&n-O.85 and 1.0 #m/100 keV. The total damage

cates that protons lose approximately 50 keV in pas%g. ‘deptli b a factbr of two larger than the depth of the GaAs

through the 4200-A Si02 field oxide. ~. ~” IC, .activ~. laye~ profile. For the same implantation condi-

Current–voltage measuremen~s demonstrate that. the tions, the. Ia$md spread of protons from a mask edge has

minimum energy required to achieve optimum isolation ior b’~p estimated (from measurements on narrow resistors) to
the GaAs IC active layer profile [16] is 140 keV. Extrqpo~ 15ebetween 0.6 and 0.7 pm. This is consistent with experi-

lating the data in Fig. 4 implies that the depthbf. the-. mfmtal ati~,,theoretical values reported in the literature [7],

damage peak is located at 0.62 ~m for proton implagta!icm [17],

through 4200 ~ of Si02 at 140 keV. For the high doses The seeond implantation parameter to be considered is
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Fig. 5. Isolation current versus proton dose for two ohmic contacts
separated by 5.0 pm of proton damaged area with 10 V appfied.

the proton dose. To determine the dose required to achieve

sufficient isolation the current–voltage characteristics have

been measured between two ohmic contacts separated by

5.0 ~m of proton damaged area. The initial active layer is

formed by a Si implantation and has a peak concentration

of 2.OX 1017 cm–3 at a depth of 0.2 pm [16]. The isolation

current with 10 V applied is plotted as a function of dose

in Fig. 5. While sufficient isolation is achieved between

1.0 X1014 and 1.0 X 1015 protons\cm2, the minimum isola-

tion current (for the three doses included in this experi-

ment) occurs at 5.0X 1014 protons/cm2. The increase in

isolation current with increasing dose has been previously

reported [6] and may be caused by defect-level banding [6]

or enhanced hopping conduction mechanisms [9]. While

the data presented in Fig. 5 are for unbaked samples with

60-keV proton implantations directly in GaAs, similar

results are observed for 140-keV implantations through the

Si02 field oxide, both before and after a four hour 300°C

bake included in the GaAs IC process [16].

The apparent optimum dose is two orders of magnitude

greater than what would be predicted from the low dose

electron removal rate (Fig. 3). Several factors may contrib-

ute to the discrepancy. First, excess damage beyond that
needed to trap all the conduction electrons can reduce the

mean free path and as a result the electron mobility.

Secondly, the maximum depth of damage increases with

increasing dose, so that a larger portion of the substrate is

converted to very high resistivity material. Finally, electron

removal may not increase linearly with dose at high dose

levels.

The optimum proton implantation parameters are estab-

lished at 140 keV and 5.0X 1014 cm–2. The final process

consideration is the development of a proton mask.

Fig. 6. Schematic cross section of a GaAs IC at the proton isolation
step.

B. Proton Implantation Mask

The proton implantation mask must meet three require-

ments to be compatible with the GaAs IC process. First, it

must stop protons implanted at 140 keV in order to

effectively protect active areas. Second, the mask must be

definable to the minimum linewidth of the IC process, 3.0

~m in this case. Finally, the mask must be easily removable

with a process that is nondamaging to the exposed GaAs

surface. Those objectives were achieved with a three-layer

mask composed of CaF2, SiO, and Au defined by a photo-

resist lift. Before describing the details of this process it

will be helpful to briefly review the preceding fabrication

steps [16],
The first step in the GRAS IC process is a direct, un-

masked implantation of Si (6.25X 1012 cm– 2, 230 kev) into

high purity or lightly Cr-doped (less than 1.0X 1015 cm-3,

substrates. This a$tive layer implant is annealed after cap-

ping with 4200 A of low temperature, CVD, Si02. The

anneal cap is retained in field areas during subsequent

processing. In the next step, ohmic contacts are deposited

and alloyed.

The proton isolation mask, composed of the two dielec-

tric layers and 1.3 ~m of Au, is defined by a positive

photoresist lift. A schematic cross section of the final

structure is displayed in Fig. 6. Protons are then implanted

at 140 keV to a dose of 5.0X 1014 cm–2. In the field areas,

protons penetrate the SiOz and enter the GRAS with an

effective approximate energy of 90 keV. The resulting

damage creates a high resistivity layer to a depth of 0.9 pm.

The Au–dielectric mask protects the active areas during

the proton implantation. Finally, the mask is readily re-

moved by etching the CaF2 in dilute HC1. To date, this

masking scheme has been used successfully in 20 produc-

tion-prototype rans including over 100 wafers. The follow-

ing sections present electrical measurement results for the

proton isolation process.

III. RESULTS

A. Isolation

The gate-to-ohmic isolation characteristics, typical of the

selective implant and the proton implant processes, are
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(a)

(b)

(b)

Fig. 8. (a) Cross section of an ohmic-to-ohmic isolation test pattern
fabricated with a proton implantation process. (b) Curve-tracer photo-
graph comparing typicaf ohmic-to-ohmic isolation characteristics for
proton implant and selective implant processes.

(c)

‘ig. 7. (a) Cross section of a gate-to-ohmic isolation test pattern fabri-
cated with a proton implantation process. (b) Curve-tracer photograph
comparing the gate-to-ohmic isolation characteristics for tWicaf selec-
tive implant and proton isolated processes. (c) Gate-to-ohmic isolation
current l~o versus voltage for typicaf selective implant and proton
isolation processes.

compared in Fig. 7. The test pattern consists of a 50-pr-

olong gate metallization directly on high resistivity, proton

implanted, GaAs separated by 3.0 pm from an ohmic-

contacted n-type region. Both measurements are on fully

processed wafers including a four hour bake at 300°C. The

curve tracer photograph indicates that no significant cur-

rent flows in the forward directiori below 20 V for the

proton isolated process. This value of isolation voltage is a

factor of four greater than the value obtained with the

selective implant process. Significant improvement is also

realized at low current levels, as is demonstrated in Fig.

7(c). At typical IC operating voltages the isolation current

is, three orders of magnitude less for the proton isolated

pattern. Even for a worst case IC operating voltage of 10
V, only 10 nA of isolation current flows for the proton

isolated process.

A second test pattern is used to evaluate ohmic-to-ohmic

isolation. It consists of two 50-pm-long ohmic-contacted

n-type regions separated by a 3-pm-wide high resistivity

proton implanted region, as shown in Fig. 8(a). For this

test pattern the isolation characteristics, displayed in Fig.

8(b), are symmetric. Again, considerable improvement is

obtained with proton isolation, in which case no sigrtifican t

current flows below 25 V. In contrast, large values of

isolation current are observed at approximately 10 V for

the selective implant process.

The preceding results indicate that sigrtificant improve

ment can be obtained with a proton isolation process. Irl

fact, the results demonstrate that proton implantation

eliminates isolation as a design constraint. The next section

compares backdating effects for the two processes.

B. Backgatiang

Backdating occurs in a GaAs IC when a negatively

biased ohmic-contacted n-type region is in close proximity

to an operating MESFET. As the negative bias increases,

the depletion region at the interface between the MESFET

and the semi-insulating substrate widens, resulting in a.

reduction in drain current. Backdating is an extremely

undesirable effect in an IC. When significant backdating,

occurs, FET dc characteristics depend not only on the

internal device biases but also on the proximity of negative

voltage lines. Normally straightforward design considera-

tions, such as dc operating points and matching between

devices, become layout dependent, leading to severe design

complications and a relaxation of minimum design rules.

The following results demonstrate that proton isolation

helps avoid these problems by significantly reducing the

susceptibility of GaAs IC’S to the backdating effect.
The test pattern used to characterize backdating is

schematically drawn in Fig. 9. The structure consists of a

100-pm-wide MESFET and a negatively biased, backdat-

ing, ohmic contact. To maximize backdating sensitivity, the
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Fig. 9. Schematic cross section of the GaAs IC backdating test pattern.
Fig. 1I. Distribution in wafer averages of backdating threshold and

transconductance for three groups of wafers: selective implant on
lightly Cr-doped substrates, proton isolated on lightly Cr-doped, and
proton isolated on non-Cr-doped. F499, F501, and SR125 are ingot
identification numbers.

Fig. 10. Change in drain current A 1~~~ versus backdating voltage VB~
measured on the test pattern diagramed in Fig. 9. Typicaf characteris-
tics for three groups are plotted: selective implant on lightly Cr-doped
substrates, proton isolated on lightly Cr-doped, and proton isolated on
non-Cr-doped.

ohmic-contacted n-type region runs the full width of the

MESFET and is separated by 5.0 pm from the source. The

MESFET is operated at VD~ = 5.0 V and ~~~ = 0.0 V. For

these bias conditions, the drain current and transconduc-

tance are nominally 20 mA and 12 mS, respectively [16].

Backdating is characterized by measuring the change in

drain current A lD~~ as a function of backdating voltage

vBG-

Typical backdating characteristics for three groups of

fully processed wafers (including a four hour bake at

300°C) are plotted in Fig. 10. In all cases, the change in

drain current increases linearly with negatively increasing

backdating voltage. The characteristics are well defined by

a backdating threshold VT below which no significant

backdating occurs, and a backdating transconductance G~

equal to the slope of the line. For the selective implant

process on lightly Cr-doped (less than 1.0X 1015 cm-3)

substrates the threshold is approximately – 2.5 V. At a

typical IC operating voltage of – 5.0 V, the current has

decreased by an intolerable 30 percent. In contrast, with

proton isolation on lightly Cr-doped material, no signifi-

cant backdating occurs below 5.0 V. In addition, the back-

dating transconductance is halved. At a worst case IC

Fig. 12. Cross section of a GaAs MESFET in close proximity to a
backdating ohmic contact.

operating voltage of – 6.0 V, less than 10-percent reduc-

tion in drain current is observed. Further improvement is

obtained with proton isolation on non-Cr-doped sub-

strates. In this case, the backdating threshold is extended

beyond the range of normal circuit operation to – 7.0 V.

The backdating threshold and transconductance have

been characterized on a large number of completed wafers.

One hundred percent of the test patterns are measured and

wafer averages are computed for both parameters. The

spread in wafer averages for the three groups are graphi-

cally displayed in Fig. 11. For the selective implant process

on lightly Cr-doped substrates, the threshold can be as low

as – 2.0 V, resulting in a 25-percent decrease in drain

current at only – 4.0 V. In contrast, the minimum

thresholds observed for proton isolated wafers on lightly

Cr-doped and on non-Cr-doped substrates are approxi-

mately — 4.0 and — 6.0 V, respectively.

The preceding results demonstrate that proton isolation

significantly decreases the susceptibility of GaAs IC’S to

the backdating effect. The improvement is gained by pro-

ton implantation’s ability to increase the resistivity of

GaAs in the field area, between the backdating pad and the

active MESFET. The structure is schematically di-

agramed in Fig. 12. According to current understanding

of backdating [ 18]–[20], the degradation in drain current
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results from the spread of the back depletion region into

the active layer of the FET. The width of the interracial

depletion region primarily depends on two factors. The

first is the concentration of defects and impurities which

can trap electrons or emit holes creating fixed negative

charge in the substrate. The second factor is the voltage

developed across the depletion region. Proton implantation

does not affect the concentration of traps beneath the FET.

Instead, proton damage reduces the voltage developed

across the interracial depletion region in response to the

applied backdating voltage, by increasing the resistivity of

the field region between the MESFET and the backdating

pad.

It has been observed that both isolation and backdating

for the selective implant process are sensitive to surface

conditions, including chemical treatment and dielectric

passivation. The fact that mesa isolation is comparable to

selective implant in isolation and backdating characteristics

also implies that the surface plays a significant role. One of

the prime advantages of proton isolation is that the high

dose implantation creates a fairly uniform damage layer

from the surface to a depth of approximately 1 pm. In this

way, proton implantation not only compensates the active

layer, but also passivates the surface. As a result, proton-

isolated IC’S are relatively insensitive to surface conditions.

In the next section, thermal stability of proton damage is

investigated.

C. Thermal Stability

Proton implantation

creating lattice defects

compensates an active layer by

which trap mobile electrons and

holes. It can be expected that the lattice damage will

anneal out at a sufficiently high temperature. Previous

work has demonstrated that high-resistivity proton-

implanted layers are maintained for relatively short anneal

times up to temperatures of 400”C for single implantations

[4], [8] and 500”C for multiple implantations [7], [9], [21].

However, specific annealing characteristics are a strong

function of the initial electron profile, and the dose and

energy of the proton implantation [5], [6]. While high

temperature annealing is important for evaluating stability

during high temperature processing, the main considera-

tion for GaAs IC’S is the long-term stability of the damaged

layer at worst case operating temperatures. High tempera-

ture storage tests have been performed to evaluate the

long-term reliability of proton isolation. The results are

discussed in the next few paragraphs.

To- accelerate the aging process, completed wafers were

stored at 290”C and 350”C in nitrogen ambients. At

numerous intervals during the stress tests, the wafers were

removed from the furnaces, cooled to room temperature,

and measured. The isolation voltage ViW is measured on

the test pattern in Fig. 7(a) and is defined as the voltage

applied between the gate and ohmic contact with 1.0 PA of

leakage current. The gate metallization is biased positively

to determine the worst case isolation. In addition, the

backdating threshold was measured on the test pattern

t.
I 10 too KXQ

$foraga Tlmc (lwws)

(a)

T. 3517 C

o I 0 100 Iwo

S?oroge Time (hews)

(b)

961

Fig. 13. Thermal stability of proton damage, (a) Isolation voltage J&.
versus storage time for two wafers, one stored at 290”C and the other
stored at 350”C. The isolation voltage is measured at 1.0 PA on the test
pattern diagramed in Fig. 7(a). (b) Backdating threshold versus stor-
age time for the two wafers included in (a). The backdating threshold is
measured on the test pattern diagrarnmed in Fig. 9. The data points
represent wafer averages (10 devices for Vi,Oand 35 devices for VT) and
the error bars indicate standard deviations.

diagramed in Fig. 9. Both parameters are plotted as

functions of high temperature storage time in Fig. 13(a)

and (b). Two lightly Cr-doped wafers are included, one

stored at 290”C and the other at 350”C. Each data point

represents a wafer average, while the error bars indicate

one standard deviation.

The results in Fig. 13(a) demonstrate a gradual logarith-

mic degradation in isolation voltage for the wafer stored at

290°C. Extrapolation of the data to longer storage times

predicts a time to wafer-specification (8.5 V at 1.0 PA)

exceeding 105 h. Similar behavior is observed for the

backdating threshold voltage degradation at 290”C in Fig.

13(b). Again, a gradual logarithmic degradation rate

dominates the aging characteristic with extrapolated failure

times exceeding 105 h.

A more complex process is observed at 350”C. The

isolation voltage in Fig. 13(a) decreases rapidly during the

first 10 h of storage. However, the initial rapid degradation

is then followed by an apparent saturation. The backdating

threshold in Fig. 13(b) displays similar aging properties.

The results imply that two or more annealing processes

may be occurring simultaneously. A low activation energy

process dominates at 290”C and during the initial stages at

350”C, while a second, higher activation energy process
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dominates for long storage times at 350”C. These observa-

tions are consistent with recent identification of from three

to five electron traps in proton implanted material [22]–[24].

The complex annealing behavior prevents the derivation

of a single activation energy from the measured data.

However, the extrapolated isolation and backdating

threshold lifetimes of greater than 105 h at 290”C compare

favorably with lifetimes between 103 and 104 h reported in

the literature for commercial GaAs MESFET’S aged at

approximately 290”C [25], [26]. The high temperature stor-

age tests imply that proton isolation is not the life time

limiting component of the GaAs IC process. This conclu-

sion is supported by measured results on a group of devices

aged at an ambient temperature of 175”C. After 1500 h of

storage, negligible changes in isolation voltages and back-

dating thresholds were observed.

IV. SUMMARY

Proton implantation has been successfully employed in

GaAs IC’S to achieve dramatic improvements in isolation

and backdating characteristics. ln the IC, compatible pro-

cess protons are implanted through the Si02 field oxide

(the retained anneal cap) to simplify processing and to

optimize surface passivation. An optimum proton dose and

energy was determined from a systematic characterization

of proton damage. The three-layer dielectric-Au mask is

defined to 3-pm linewidths and is easily removed without

damaging the exposed GaAs surface.

This process has achieved isolation voltages of 20 V

between active regions separated by 3.0 pm, a factor of

four improvement in comparison to a selective implant

process. Backdating threshold voltages have been increased

from – 2.5 V for a selective implant process to – 5,0 V for

proton implantation on lightly Cr-doped substrates and

– 7.0 V for proton implantation on undoped substrates.

These results indicate that proton isolation eliminates both

isolation and backdating as design constraints.

High temperature storage tests have demonstrated that

proton damage is thermally stable. Isolation lifetimes in

excess of 105 h at 290°C have been observed. In addition,

no measurable changes in isolation voltages or backdating

thresholds were detected in devices stressed for 1500 h at

175 ‘C. The high temperature storage tests imply that pro-

ton isolation does not limit the operating lifetime of a

GaAs IC.
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Backdating in GaAs MESFET’S

CHRISTOPHER KOCOT AND CHARLES A. STOLTE, MEMBER, IEEE

Abstruct —The phenomenon of backdating in GaAs depletion mode

MESFET devices is investigated. The origin of this effect is eketron

trapping on the Cr2+ and EL(2) levels at the semi-insnfating snbstrate-

channel region intetiace. A model describing backdating, based on DLTS
and spectral measurements, is presented. Cafcufations based on this model

predict that closely compensated substrate material will minimize backdat-
ing. Preliminary experimental data support this prediction.

I. INTRODUCTION

T HE characteristics of GaAs metal-semiconductor field

effect transistors (MESFETS) depend strongly on the

properties of the interface between the n-type active region

and the semi-insulating substrate [1]. GaAs MESFET’S can

exhibit phenomena such as a drift in the drain current with

time and a change in the drain current as a result of a

change in the substrate bias. The decrease in the drain

current when a negative voltage is applied to the substrate

is termed backdating [2], [3]. Backdating is a detrimental

effect in complex GaAs integrated circuits due to the

interaction between closely spaced devices. This effect is

caused by the relatively large capacitance of the substrate-

active channel interface due to negative charge accu-

mulated on deep traps in the interface region. The applica-

tion of a bias to the substrate modulates this space charge

region. This results in a change in the active channel region

width and, therefore, a change in the drain current. In this

paper, we will present the results of investigations into the

physical nature of the deep traps responsible for backdat-

ing. Based on these investigations, we propose a model
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which explains backdating and demonstrate one solution,

namely the use of closely compensated substrate material

to minimize the back-side channel capacitance.

II. EXPERIMIINTAL PROCEDURE

A. Substrate Material

GRAS MESFET’S fabricated in four different types of

substrate materials were investigated. The active region for

the devices is produced by ion implantation into: 1) Cr-

doped semi-insulating substrates (with Cl concentrations

between 5X 1015 and 1X 1017 cm-3); 2) ‘high purity semi-

insulating substrates (grown with no intentionally added

dopants); 3) buffer layers on Cr-doped substrates; and 4)

buffer layers on high purity substrates.

The substrate material, both Cr-doped and high purity,

is grown by the two-atmosphere liquid encapsulated

Czochralski (LEC) technique [4]. Chromium incorporates

into the GaAs lattice on Ga sites and gives up three

electrons to the bonds. The neutral state of Cr with respect

to the lattice is Cr3 + with the electron configuration 3d3.

Capture of electrons leads successively to the core states

3d4, Cr2+ (a singly, negatively charged acceptor), and 3d 5,

Cr* + (a doubly, negatively charged acceptor). Chromium

which is neutral, Cr3 +, is a double acceptor. The Cr2~ and

Cr3~ levels are located 0.70 ev [5] ~d 0.45 ev [6] above

the valence band, respectively, as shown in the energy level

diagram of Fig. 1. There is uncertainty concerning the
position of the Cr4+ and Cr* + levels. According to the

literature, the Cr4+ level is 0.15 eV [6] above the valence

band and the Crl + level is degenerate with the conduction


