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High Speed Inverted-HEMT Logic with a Sub-Half-Micron Gate

T. Saito, H. Fujishiro, S. Nishi, Y. Sano, and K. Kaminishi

Research Laboratory, Oki Electric Industry Co., Ltd.

550-5, Higashiasakawa, Hachioji, Tokyo 193, Japan.

A short gate length inverted HEMT using a new gate fabrication technique

is reported.

the gate
improved.

length was

In the technique, the photoresist opening for gate formation was
narrowed by evaporated Ti at a small angle.
reduced but also
The uniformity of threshold voltage was not degraded. A 0.28um gate

By using this technique, not only

the Schottky characteristics were

I-HEMT was fabricated and the small drain conductance of 13mS/mm was observed.

The

minimum propagation delay time of 11.9psec/gate with a power

dissipation

of 0.560mW/gate was obtained for a 0.5um gate DCFL ring oscillator at room

temperature.

1. Introduction

The selectively doped GaAs/n-AlGaAs

single heterostructure has been used widely
for high speed IC‘S}‘s)But in these

the

reports
heterostructure of a ternary on top of a
binary (conventional HEMT) was used because
of the difficulty in the growth of inverted
heterostructure. In

HEMT) , the

the inverted HEMT (I-

source resistance can be easily

lowered by the top n'T-GaAs therefore

the

layer,

high performance is expected at room

temperature. We already reported a growth

condition for inverted heterostructure and an
I-HEMT with high transconductance (400mS/mm)
at room temperature.4)Moreover, I-HEMT has a

small short channel effect because 2—

dimensional electron gas(2-DEG) is confined

by the back AlGaAs layer. In this paper we
report a short gate length I-HEMT using a new
gate fabrication technique.

2. Crystal Growth and Device Fabrication

The

inverted heterostructure was grown

by conventional III-V MBE system. A 2-inch

HB semi-insulating GaAs substrate was used as

a substrate. A schematic cross section of an

inverted HEMT * is shown in Figure 1. An
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epitaxial layer consists of undoped GaAs and
AlGaAs(both 1000R), n-AlGaAs(1.1x1018m-3 ,
8ok), AlGaAs(40R),

Q
GaAs(200A), n-GaAs(5x1017cm-3, 5003), and n+-

undoped undoped

AuGe/Ni/Au
///AJ'Gale \
n* GaAs
n GaAs
GaAs
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AlGaAs
n AlGaAs
AlGaAs
GaAs
S.1. GaAs Sub.

Schematic cross section

of an I-HEMT.

Fig.l



GaAs(4x1018cm—3, SOOK). The maximum carrier

Ar'-ion
concentration of 2-DEG is 9x10llcm-2. The il ii $¢ ¢l¢\LL X
photoresist

I-HEMT was fabricated as follows. First, fz?LhdR)
devices were isolated by ion implantation of n* GaAs

i e I_n GaAs
oxygen to form a planar structure. Source IDEB ot e - —. GaAs
and drain contacts were formed by  the : . ﬁl%fégAS
AuGe/Ni/Au system. The gate was formed using AlGaAs

) . ) (a) gate recess etching
a new technique(angle evaporation technique)
by 50eV Ar+ :

which is shown in Figure 2. (a) a 0.6um ¥ Tih = —
thick LMR photor‘esistsés a gate etching mask W @
was developed by a deep-UV contact

1 — !
lithography. Gate regions were recessed by S '[_
50eV Ar ion-beam. The threshold voltages .
were controlled by +the recessed depth.
(b)Next, Ti was evaporated at a small LB) Ti evaporation
incident angle onto both sides of the mask m
walls. (¢) Al metal was evaporated and + +

i g
consequently a self-aligned gate was B \
patterned by liftoff. By this new technique,
(c) gate liftoff

not only a gate length was reduced but also a
gate was effectively separated from an n*+ - Fig.2 Gate fabrication process flow.

GaAs layer about O.lpm. Figure 3 shows a SEM
photograph of an FET cross section after gate
metal(Al) evaporation. 1000& thick Ti layers
can be seen on both mask walls. No Ti
contamination 1is observed in the recessed
region. In the photograph, the gate length
is shortened to 0.3um with photoresist
opening of 0.5um.

3. Bchottky Characteristics

By employing the angle evaporation
technique, gate was formed apart from an n'*-
GalAs layer, and hence Schottky
characteristics were improved. Figure 4
shows Schottky characteristics without (a)
and with (b) Ti angle evaporation. O.5x1Q).1m2

Schottky gates were used for measurements.

The Schottky built-in wvoltage and the
breakdown voltage at the gate current of

+10uA were improved from 0.45V and 4.4V to

Fig.3 A SEM photograph of a cross section

0.55V .and. 8.8V, respectively. This gate of I-HEMT after gate metal evaporation.
fabrication technique is useful for
improvement of Schottky characteristics as

well as reducing a gate length.
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4. Threshold Voltage Uniformity

200mVidiv
Spadddiv

s H-200mvidiv
Vo SuALdiy,

To fabricate LSI, the threshold voltages

have to be uniform on a microscopic as well
as a macroscopic scale. We evaluated the

microscopic uniformity using 50pmx50pm pitch

FET arrays.S)Figure 5 shows the distributions

of threshold voltages of 0.5 um gate I- (a) Without Ti (b) With Ti

HEMT's(enhancement mode FET:E-FET and evaperaticn STeApTEa e
depletion mode FET:D-FET). The standard Fig.4 Schottky characteristics of
deviations of Vth(oVth) were 11mV at the mean I-HEMT's.

Vth(Vth) of 61lmV, and 43mV at Vth=-637mV.

The macroscopic uniformity in a 2-inch wafer

T e

was measured on the same one. The oVth was

27.6mV at Vth=84mV. These results show the it " i

uniformity of Vth is not degraded by this new

] B4 << =] S2 % 60
technique and 1is sufficiently small to Yth (m¥) % ES b 76 : ;g P o
R 58 << = << 36
fabricate LSI. Vth=61 mV (a) E-FET L =0 5“m
5. Characteristics of Quarter-Micron I-HEMT OVth-:”mv g=v

By employing the angle evaporation

technique, an I-HEMT with a sub-half-micron

EAFHE TR

gate length was fabricated. Figure 6 shows : e
the I-V characteristics of a 0.28um gate 3 : SEEEEH B

H =

length I-HEMT. Saturation characteristics of izt :i[ i"i
PO,
drain current is fairly good, showing the g _ggg o . - -579 o nare
= ¢t =5 B - =67
small short channel effect. The drain ¥eh EmiR) 6 Elp x+ <boe B 298 i Thee
B -648 <<« -6108 << =738

conductance of I-HEMT is shown in Figure 7 as Vth=—637m\/
a function of gate length. The small drain Ovth =43mV
conductance of 13mS/mm was obtained at the

.5V A . ; g
gate length of 0.28um. This result shows that Fig.5 Vth aistributions of I-HEMT's

using 50umx50um pitch FET arrays.

a 2-DEG is tightly confined by a hetero-
barrier in an I-HEMT.

6. Ring Oscillator

The propagation delay of E/D type DCFL
gate was measured at room temperature using a
2l-stage ring oscillator. The dependence of
the propagation delay and the power
dissipation on the supply voltage is plotted

in Figure 8. The power dissipation depends

linearly on the supply voltage, and the

propagation delay is almost constant. No '
Lg=0.28um Wg=10um
dependence of the propagation delay on the e . ]-J g-— “

power dissipation may be due to the good Fig.6 Tl Bt et o 0.28pm

saturation charateristics of drain current. gate length I-HEMT.

When the supply voltage is lower than 2 V,
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the propagation delay is a little decreased
due to the decrease of the logic swing. The
fastest switching speed at room temperature
was 11.9psec/gate with a power dissipation of
0.560mW/gate at a supply voltage of 0.59V.
7. Summary

We have demonstrated a short gate length
I-HEMT using a new gate fabrication
technique. The microscopic uniformity was
studied using the B50umx50um pitch FET
arrays. The standard deviation of 11mV at
Vth=61mV was obtained with the 0.5um gate
length, which was sufficiently small to
fabricate LSI. The drain conductance of
0.28um gate I-HEMT was 13mS/mm indicating a
very small short channel effect. The minimum
propagation delay of a DCFL gate with 0.5pum
I-HEMT's was 11.9psec/gate with the power
dissipation of 0.560mW/gate. These results
confirmed that an I-HEMT with even a sub-
half-micron gate is suitable for high speed
LSI's.
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Fig.7 Drain coductance as a function of

gate length.
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Fig.8 Dependence of propagation delay

and power dissipation on supply voltage.

References
1) A. R. Schlier, S. S. Pei, N. J. Shah, C.
W. Tu, and G. E. Mahoney: IEEE GaAs IC

Symposium (1985)p.91-93.

2) D. K. Arch, B. K. Betz, P. J. Vold, J. K.
Abrokwa, and N. C. Cirillo: IEEE Electron
Device Lett., vol. EDL-7(1986)700.

3) Y. Watanabe, K. Kajii, K. Nishiuchi, M.
Suzuki, I. Hanyu, M. Kosugi, K. Odani, A.
Shibatomi, T. Mimura, M. Abe, M. Kobayashi:
ISSCC DIGEST OF TECHNICAL PAPERS(1986) p.80.
4) 8. Nishi, T. Saito, S. Seki, Y. Sano, H.
Inomata, T. Itoh, M. Akiyama and K.
Kaminishi: Proc. 13th Int. Symp. on GaAs and
Related Compounds(1986)p.515.

5) Y. Yamashita, R. Kawazu, K. Kawamura, S.
Ohno, T and G.

Nagamatsu: J. Vac. Sci. Technol. 3(1985)314.

Asano, K. Kobayashi,
6) H. Nakamura, H. Matuura, T. Egawa, Y.
Sano, T. 1Ishida, and K. Kaminishi: Extended
Abstracts 17th Conf. Sclid State Devices and

Materials, Tokyo(1985)p.429.



