CCl,-doped semi-insulating InP as a buffer layer in GalnAs/InP high
electron mobility transistors
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The application of CGldoped semi-insulating InP as a buffer layer in a pseudomorphic
Gay oIy gP/Gay 4ANg 55AS/INP  high electron mobility transistaiHEMT) grown by metalorganic
chemical vapor deposition is reported. This Al-free InP-base HEMT with a gate length @i1.3

has extrinsic transconductances of 420 and 610 mS/mm at 300 and 77 K, respectively. A cutoff
frequency of 15 GHz and a maximum oscillation frequency of 40 GHz are obtained. The results
demonstrate the CgHoped semi-insulating InP is a promising buffer layer for InP-based
HEMT. © 1996 American Institute of Physid$S0003-695(96)02234-4

Recently, Gardneet all? have demonstrated the semi- CCl,-doped InP buffer is a wide gap material, the HEMT is
insulating (SI) property of CCl-doped InP grown by low a double heterostructure device. According to Gardner
temperature metalorganic chemical vapor depositioret al,'? the resistivity of the CGtdoped InP layer depends
(MOCVD). The resistivity of the CGtdoped InP layer could on both the CCJflow rate and the growth temperature. The
exceed 1& O cm under proper growth conditioAsThe  resistivity of CCl-doped InP buffer layer was measured to
CCl,-doped InP layer with such a good Sl property can re-be 1x10” and 16° Q cm for CC|, flow rates of 5 and 10
place the conventionally undoped AlinAs layer or Fe-dopedcc/m, respectively, which is similar to Gardner’s results. The
InP layer in InP-based devices and circuits. The semihigher CC} flow rate gives a higher resistivity at a given
insulating InP layer providing carrier confinement and cur-growth temperature, but it reduces the growth rate due to the
rent blocking can be used for Schottky barrier enhancemergtching effect. So the low Cgflow rate of 5 cc/m was used
or as the buffer layer in InP-based high electron mobilityin this work. The fabrication process is similar to that re-
transistor§ HEMTS) and the isolation layer in integrated cir- Ported earlief, and the HEMT has a gate length of Ln
cuits. Among these applications, the use of SI InP as &nd a gate width of 2um. The cross section of the HEMT
HEMT buffer layer may offer some advantages over convenWith the epitaxial layered structure is shown in Fig. 1.
tional buffer layers. It is well known that Al containing un- _ Figure 2 shows the typical current—voltage characteris-
doped AlinAs usually used as a buffer layer in InP-basediCS @t 300 and 77 K in darkness. Excellent pinch-off char-
HEMTs is responsible for trap-related anomalous phenomz_actenstlcs are obsgrved. The kink effect related _to the quality
ena such as the kink effect, deep levels, and high outplﬂf the buffer layer is commonly observed, especially at 77 K,

conductancé? An Al-free CCl,-doped InP buffer layer can in InP-based HEMT with either an undoped AlinAs buffér

hopefully eliminate the above effects. Compared to the resis2! an undoped InGaAs buffer layBin our devices, no kink

tivity of 10’1 Q cm for MOCVD grown Fe-doped InP effect is observed at 300 K. The kink effect in theV curve

layers® the resistivity of the CGtdoped InP layer can be at 77 K is hardly noticeable indicating that the G@bped

much ’hi heR InP is a promising buffer layer for HEMTs. The drain—
n th?s Iet'ter we present a promising use of G@oped source breakdown voltage of 2.5 V is a little bit low due to

semi-insulating InP as a buffer layer in a pseudomorphicthe low: breakdown voltage of the Schottky gate for this

Gy AN dP/Ga, 4dNo sASINP HEMT grown by MOCVD. It sample. The drain current is slightly photosensitive. There is
is shown that the kink effect usually present in the InP-based

HEMT is eliminated using the Cgdoped InP buffer layer. AuGeNi/Au

Epitaxial growth was performed in a commercial ‘ Al Gate
(Aixtron) MOCVD reactor. Trimethylgallium, trimethylin- tGalnAs / 5004
dium, tertiarybutylphosphine, and tertiarybutylarsine were Undoped Gag o In 100
used as the precursors. The @@bped InP buffer layer was n-GagolnggP n=4x10'’cm? 1404
grown at a CC| flow rate of 5 cc/m at temperature of Undoped Gag,, Ing g P 304
500 °C. The carbon to indium ratio in the gas phase was Undoped GalnAs 400A
0.038, while the V/III ratio was 60. The thickness of the CCl, -doped SIInP Buffer 20004
buffer layer is 2000 A. The HEMT structure and growth
condition are similar to those reported eafliexcept the SIInP Sub

thickness of undoped GalnAs channel is 400 A. Since the

FIG. 1. Cross section of GalnP/GalnAs/InP HEMT with the layered struc-
dElectronic mail: yfy@ctr.columbia.edu ture.
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FIG. 4. Current gain|h2|) and maximum stable gain/maximum available
grain (MSG/MAG) as a function of frequency afys of 1.5 V andV, of
-04 V.

Microwave measurements were made with an HP8510B
network analyzer and cascade microwave probes in the fre-
quency range from 100 MHz to 20 GHz at 300 K. Figure 4
shows the current gain and maximum stable gain/maximum
available gain versus frequency \4§s of 1.5 V andV of
—0.4 V. The cutoff frequency and the maximum oscillation
frequency are 15 and 40 GHz, respectively. The microwave
performance can be improved by optimizing the HEMT
layer structure and reducing the gate length.

The electron Hall mobility for the HEMT sample was
measured to be 4400 and 8400%yhs at 300 and 77 K,
respectively. The value of the electron mobility at 77 K is
not as high as expected and the reason is unclear at present.
FIG. 2. Drain |-V characteristics of GaInP/Ge_lInAs/InP HEMT with In conclusion, a pseudomorphic &g P/
CCl,-doped InP buffer layer &@) 300 and(b) 77 K in darkness. Gay.44Ng 528/ INP high electron mobility transistor grown by

MOCVD using a CCJ-doped semi-insulating InP buffer
a 3% increase in drain current but no kink effect observedayer is reported for the first time. The dc and rf performance
under illumination. The transfer characteristics and the transef the HEMT demonstrates that C&loped semi-insulating
conductance d,) as a function of the gate bia®/{) are  InP is a promising buffer layer for InP/InGaAs HEMTSs, al-
shown in Fig. 3 at the drain—source bias of 1.5 V. Thethough the electron mobility and the breakdown voltage of
threshold voltages of0.85 and—0.75 V were measured at the Schottky gate need to be improved.
300 and 77 K, respectively. The maximum extringig of This work was supported by the National Science Foun-
420 and 610 mS/mm are obtained at 300 and 77 K. Thesdation under Grant No. ECS-93-19987 and by Joint Services
data are comparable to those of the InP-based HEMTs witklectronics Program under Grant No. DAAH04-94-G-0057.
undoped AllInAs(Refs. 7 and Band undopedRef. 9 buffer ~ The authors wish to thank Q. H. Du for the Hall measure-

layers with a similar gate length. ments.
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