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Abstract

A selective gate recess process for
Pseudomorphic HEMTSs utilizing IngsGagsP as
the etch-stop layer has been developed. This
process employs conventional sulfuric acid etch Gate Recess
chemistry to obtain 150:1 GaAs/Ip sGap sP etch
selectivity. Due to its small conduction band
offset, inclusion of the InsGagsP layer in the
epitaxial structure does not increase the ohmic
contact or FET source resistances. PHEMTs
fabricated with IngsGagsP etch-stop layers
show no degradation in critical DC and RF
parameters when compared to similar non
etch-stop devices.
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Figure 1 Ungated PHEMT drain current vs. etch depth
characteristic

Introduction

Pseudomorphic  High  Electron  Mobility . .
Transistors have gained wide acceptance as th@arameters. The critical gate-recess operation is
device of choice for a broad range of applications. 9réatly simplified by the incorporation of an etch-
The extensive use of PHEMTSs in both commercial SIOP layer within the PHEMT epitaxial structure.
and military systems stems form their significant With the inclusion of an etch-stop layer, the target
performance advantage in comparison to GaAsvalues and uniformity of critical FET parameters
MESFETs. However, this performance advantage(/dSS: 9m, Imax, Vp, etc.) are solely determined by
comes at the price of a more challenging processtN€ epitaxial growth process.
particularly in the critical gate recess operation. )
Due to the unique carrier profile of the PHEMT, Considerable work has been performed by a
the effective doping level under the gate is over UMber of groups to develop a gate recess etch-
10%%ni2. This high doping level results in a rapid stop process suitable for GaAs MESFETs and
rate of current change during the gate-recessp'_"_EMTS [3’4_’5]' The most common appro_aches
operation as the target value is approached (figuré/tilizé @ thin AlGa.xAs layer of varying
1), a discussion of which can be found in reference@lUminum mole fraction as the etch-stop material
[1]. The effect of this etch depth/drain current N conjunction with a buffered citric acid or
characteristic is less precise control over PHEMT Succinic acid solution as the etchant. = This
lgss and \p as well as a degradation in the approach typically requires Al mole fraction of
uniformity  of current dependant device 0.35t01.0in or_der to achieve ad_equate selecpwty.

However, the inclusion of a thin AlAs or high



mole fraction AlGa.As layer into the epitaxial depicted in Figure 2. For this work, the etch-stop
structure will disrupt the flow of current through layer was interposed between the AlGaAs schottky
the material, causing an increase in the ohmiclayer and the n+ GaAs contact layer. To assess the
contact resistance and adding to the sourceaffect of InsGasP incorporation on ohmic
resistance of the device. This effect is particularly contact resistance, JgGaysP layers of two
severe for AlAs, which has shown to increase thedifferent thickness’ (3%, 50A) were inserted into
contact resistance 67% (from OBnm to a standard PHEMT layer structure and ohmic
0.250-mm)for the inclusion of a 10 layer into a  contacts formed using standard Au/Ge metallurgy.
MESFET structure [2]. Furthermore, the use of After isolation, the contact resistance was
moderate Al mole fraction etch-stop layers measured using the TLM method. The results of
(x~0.35) requires very tight control over the Al these measurements are shown in Figure 3. Also
content to ensure long term process reproducibilityshown in this figure are contact resistance values
as it directly influences the selectivity of the for a PHEMT layer structure containing 2 separate

buffered citric acid etch solution [3]. 35 A InosGapsP layers. This was evaluated in

anticipation of a fully selective double recessed

To overcome the shortcomings of the,®é. PHEMT. From Figure 3, one observes that, in
«As and AlAs approaches, we have developed Y PEE—

advanced selective gate recess process us
IngsGaysP as the etch-stop layer. In comparisc
to AlAs, InysGay sP has a smaller conduction ban:
offset (0.18eV vs. 0.50 eV) and exhibits n
deleterious effects on ohmic contact and FE
source resistance. AdditionallyplGa sP utilizes

simple HSO;:H,O.:H,O etch chemistry to
achieve greater than 150:1 GaAsd@asP etch

selectivity. This process has been successfu
incorporated into multiple PHEMT layer
structures used to fabricate high performant
MMICs from 1 to 40 GHz.
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H ; _ i Figure 3. Contact resistance on PHEMT material incorporating
inclusion of an lpsGasP etch-stop layer is various InGaP etch-stop layers

comparison to the control group (i.e. non etch-
stop) the insertion of a 35 A layer has no effect on
the contact resistance while the 50 A layer results
in a slight increase of 0.01G-mm. This figure
also shows that the insertion of two 35 A

)/S';gﬁg‘g InosGapsP layers does increase the contact
> DEG resistance values (from 0.045 to 0.086mm),
however this higher value is well within the
\ process specification and is not expected to
AlGaAs/GaAs Superlattice InGaAs deteriorate device performance. From these data,

we draw the following conclusions: 1) A 35 A

Figure 2 PHEMT layer structure with InGaP etch-stop



etch-stop layer is preferable since it has no affect
on contact resistance and, 2) Despite a substanti

increase in ohmic contact resistance for the doubl ~ 140p" 77T T T T T IT I EE T T TR
etch-stop PHEMT layer structure, the contact i .....i.._ .. S S bl ]
resistance values obtained are well in specificatiolr < ' ' : : ]
making the double etch-stop a viable approach. ‘5’100 ------------------------ e -
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To obtain adequate selective etch behavior, thh & 60[ & "7 7 77177777 A A ]

GaAs/InsGaysP selectivity was evaluated for a & ' ]
number of different recess solutions [2]. £ 40F LD A N E
Selectivity was determined by subjecting patternec & _ F . i . L iteato.. _‘
samples with thick l§sGaysP layers to long etch § 20t ' ' : . ]
times followed by depth measurements via gl L L 0]
profilometry. We have determined that a 1:8:500 0 50 100 150 200 250
H,SOy:H,0,:H,0 etch solution provides a GaAs/ Etch Time (sec)

IngsGaysP selectivity of 150:1 and possesses .

manageable GaAs etch rate of 10A/Second.

This selectivity Coupled with a moderate etch rate Figure 4. Ungated drgin current vs. etch time for a LN PHEMT

. . . . .. . structure with a 35 A InGaP etch-stop layer

is quite different than the citric and succinic acid

solutions which typically have GaAs etch rates in be determined by the properties of the 2-DEG and

the range of 30-58/second. The advantage of a AlGaAs thickness and uniformity.

lower GaAs etch rate is that it enables one to more

precisely control the extent of lateral etching once Impact on Device Characteristics

the recess terminates at the stop layer. Excessive The prime concern over the use of thesGe sP

lateral etching will cause an increase in the sourceetch-stop process was the potential increase in

resistance of the device which, if too severe, will PHEMT parasitic source resistance s)(Rand

degrade noise and power performance. associated performance degradation. For any
etch-stop process, an increase yc&n arise from

The selective behavior of the,$0,:H,0,:H,0 perturbation of current flow by the etch-stop layer

etch coupled with the GaysP etch-stop is and/or excessive lateral etching after the recess

demonstrated in Figure 4, which is a plot of the etch has terminated at the stop layer. To examine

ungated drain current vs. etch time for a 0.2x100this, Figure 5 shows a plot of the low field on

um Low Noise PHEMT. This plot shows the etch resistance (&) as a function ofgksfor 0.5x20Qum

terminating at 30 seconds with little change in PHEMTs fabricated with and without the

drain current until 180 seconds of total etch time. IngsGasP etch-stop. PHEMT & which is a

This characteristic demonstrates more thanmeasure of all the parasitic resistances from the

adequate selectivity and process latitude for use irsource to gate, is of particular interest as it directly

manufacturing. Upon completion of the selective relates to the insertion loss of the device when

etch, the IpsGaysP layer is removed using a 1:1 used in control applications. In Figure 5, one

HCI:DI solution enabling the schottky to be observes that the (R values for the etch-stop

formed to the underlying AlGaAs. Use of this devices are nearly the same as the non etch-stop.

solution, which exhibits infinite  In fact, for the typical s range for the process

Ing sGay sP:AlGaAs selectivity, results in the DC (200-350 mA/mm), the etch-stop devices exhibit

characteristics of the PHEMT (ldss, Vi, etc.) to slightly lower values of R. This behavior
provides evidence that the inclusion of the



2-DEG (of which j}ss is a good indicator), any
comparison of PHEMT g must account for this
effect. Hence the data is plotted as a function of
lgss @and shows both device types following the
same trend with the etch-stop devices exhibiting
generally higher extrinsic ,g in the 120-200
mA/mm range. Since the calculation of extrinsic
Om takes the source resistance into account, one
concludes that the implementation of the
i IngsGapsP etch process has not degraded the
] source resistance. This result further demonstrates
] the superiority of this technique when compared to
approaches that employ AlAs or high Al mole
fraction AlGaAs etch-stop layers.

O Etch-stop
® Non Etch-stop )™~

On Resistance (ohm-mm)

0 100 200 300 400

Figure 5. Ron vs. Idss for standard and
InosGay sP etch-stop PHEMTs

500 Conclusions

An advanced selective gate recess etch process
_ ) utilizing Ing sGay sP as the etch-stop layer has been
Ing sGay sP has not increased the access resistanc@eveloped and incorporated into PHEMT
to the channel. manufacturing.  This  approach  employs

_ _ conventional HSO,:H,0,:H,0 etch chemistry and

Further evidence of the efficacy of the exnibits a GaAs: lsGasP selectivity of 150:1.
Ing Gy 5P etch-stop process can be seen in Figureryrthermore, this high selectivity is obtained with
6, which is a scatter plot of extrinsic 3 moderate GaAs etch rate which reduces the
transconductance (Vds=3, 1d=75mA/mm) V&s| extent of lateral etching during the gate recess
02x20Q1m mm-wave low noise PHEMTs. Since process. PHEMTSs fabricated with 35%&@%5{)
PHEMT transconductance is strongly influenced etch-stop layers do not exhibit degradation of DC
by variations in the spacing between the gate anthnd RF characteristics when compared to non
etch-stop devices. The ol&GasP etch-stop

75 _I LILEL] I rrri I rrri I rrri I rrri I rri I_ . .
[ : : : : : N process has been incorporated into AMP-M/A-
ORI = & = gt | : E COM’s baseline 0Hm and 0.pm PHEMT
T /= R [ T
0r oge Vool P processes.
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