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ABSTRACT

A 0.2 ~m gate length GaAs IC technology is reported.

This technology enables the fabrication of both digital and

analog K’s using the same process. A 10 Gb/s decision

circuit with a 130 mV sensitivity and 215 degree phase

margin, and an amplifier with a 20 dB gain and 13 GHz

bandwidth were successfully fabricated using this untied

process technology.

INTRODUCTION

Ever since the potential of the GaAs MESFET IC for

high speeds was shown by T. Mizutani et al (1) in 1979, GaAs

IC process technologies have developed rapidly. The basic

outline for the GaAs MESFET fabrication process for integrated

circuits was suggested by N.Yokoyama et al (2) and

K.Yamasaki et al (3,4). This outline is based on selective ion

implantation in bulk GaAs wafers for active layer formation and

self-aligned n+-layer formation adjacent to the gate metal for

source resistance reduction. Within this framework, gate lengtk

shortening and active layer thinning has been tried to improve

FET pefiOX’tllaIICe.

At this time, the sub-micron gate ( 0,5- 0.8 ~m) GaAs

MESFET is under active development for IC applications. One

of the main targets of GaAs IC development is the high-speed

digital communication system. A 5 Gb/s D-F/F (5) with a 0.8

~m gate FET, an 8 Gb/s D-F/F (6) with a 0.6 pm gate FET,

and using a 0.5 pm gate FET, a 5 Gb/s 4-bit shift register (7),

a 12 Gb/s 2-bh MU2@MUX (8), and a 10 Gb/s D-F/F (9) are

important achievements of the past several years in this field.

This paper will &scribe an ultra high-speed 0.2pm gate

length GaAs IC process technology. This technology has made

possible 10 Gb/s digital ICS (10-12) and 10 GHz bandwidth

analog ICS (13,14) from almost the same prwess by integrating

40-50 GHz cut-off frequency FET’s. As benchmarks for the

applicability of this technology to both digital and analog K!%,

this paper will describe an SCFL ring oscillator having a 13.2 PS

average delay with a standard deviation of just 0.8 ps, a 10

Gb/s decision circuit with a 130 mV sensitivity and 215 degree

phase margin, and an amplifier with a 20 dB gain and 13 GHz

bandwidth.

A FET STRUCTURE MODIFICATION

FOR DIGITAL AND ANALOG IC APPLICATIONS

This technology (15-1 8) has two important features.

The fiist is that both the symmetric device structure for digital

IC’S and the asymmetric structure for analog IC’S can be

attained simultaneously within the same technology by

changing only the n+ ion implantation angle. The merits of this

process compatibility are not just Prmess simplicity but also the

potential for mixed analog-digital integrated applications. The

second feature is that the 0.2P gate length is easily realized

using conventional optical photo-lithography and the tri-level

resist technique, which is superior to other methods such as

EB-lithography from a production standpoint. Patterning finer

than the photo-lithographic optical resolution limit is possible

only by the SAINT process.

The key to this process technology is shown in Fig. 1.

A more detailed description is presented in Refs. 15 and 16.

Figure 1 shows the relation of the gate metal and then+ layer.

The width of the bottom of the T-shaped resist corresponds to

the gate metal length, and the top width to then+ layer spacing.
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(a) Symmetric Structure (b) Asymmetric Structure

Figure 1. Symmetric FET Structure for Digital IC’S and Asymmetric
Structure for Analog IC’S

IDS
(mA)

IDS
(mA)

5.QQO 1

(a) Symmetric E-FET

( Vg = -0.6 -0.6 V step 0.2V)

(b) Asymmetric 13-FET

( Vg = -1,0- 0.6 V step 0.2V)

Figure 2. I-V Characteristics of Symmetric and Asymmetric FET’s

Table 1. Typical Performance of Symmetric

and Asymmetric Structure

PARAMETERS SYMMETRIC / ASYMMETRIC
GATE LENGTH ( ~ ) (),2 ~ 0.2
Vth ( mV ) o : -800

f,( GHz ) 50 ~ 40

fmax ( GHz ) 60 ~ 70

gm ( mS/mm) 400 ~ 400
gd ( mS/mm ) 50 ~ 25
Vbreak(gd) ( V ) 3.5 ~ 4.0
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Figure 1 (a) is the symmetric structure for digital IC’S. Figure 1

(b) is the asymmetric structure for analog IC’S. The difference

is only the ion implantation angle of the n+ layer. The spacing

between the source-side n+ layer and gate is shorter than the

gate-drain spacing for analog MESFET’S, while the same as the

latter for digital FET’s. The merits of the asymmetric structure

are a lower gd and a higher fmu and drain-gate breakdown

voltage, as shown in Fig. 2 and Table 1. The merits of the

symmetric structure are a higher fT and gm, and a simpler

pattern layout. Because of the relative pattern layout

complexity, it is time-consuming to use asymmetric devices in

digital IC’S. Further information on the correlation between

device characteristics and strucNre will be discussed in the full

paper.

THE 0.2~m GaAs MESFET IN

APPLICATIONS

Figure 3.

Propagation Delay Time Distribution of

SCFL Ring Oscillators in a 3-inch Wafer
CIRCUIT

As a demonstration of the feasibilky of the 0.2 w gate

length technology, the propagation delay time disrnbution in a

3-inch wafer is shown in Fig. 3. The delay time was measured

through SCFL 19-stage ring oscillators with 40 ~m gate-width

FET’s. Measurement conditions were Vss = -2.5 V and Vcs =

0.6V, which produce the standard bias condition. An average

delay time of 13.2 ps with a 0.8 ps standard deviation was

found from measuring 24 ring oscillators over a 3 inch wafer.

The average power dissipation was 65 mW/gate.

As an example of a digital circuit application (10-12), a

decision circuit block diagram and its I/O waveformsat 10Gtis

are shown in Fig. 4. This circuit has a data input buffer, a 3-

stage SCFL differential amplitler, a master slave D-FF, source

followers, and an output buffer. The source followers were

inserted to reduce the FF output load. Operating at 10 Gb/s with

an error rate of less than lxlO-lO, the sensitivity was 130 mV

and the phase margin 215 degr=s at 10Gb/soperation. The

transit time of the output signal was below35ps(2070 -80

%). The total power dissipation was 1.6W.

As an example of an analog circuit application, the circuit

diagram and frequency nxponse of a 13 GHz amplifier are

shown in Fig. 5. The circuit configuration is a directly-coupled

2-stage common source circuit with an output-matching source

follower and a feedback resistor connected to the input terminal.

A gain of 20 dB and bandwidth of 13 GHz was achieved.
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(a) Decision Circuit Block Diagram

Data in

(50 mV/div )
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(50 ps/div )

(b) Operating Wave Form at 10Gb/s

Figure 4.

A 10 Gb/s Decision Circuit using

0.2 ~m Symmetric FET’s
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Figure 5.

A 13 ~Hz Band Width 18 dB Gain
Amplifier using 0.2 pm

Asymmetric FET’s

CONCLUSION

A 0.2 ~ gatelengthGaAs MESFET process

technologythat realizesultra high performancedigital and

analogIC’S hasbeendescribed. The reliability of theseFET’s

hasalreadybeenexamined(19). The high uniformity of the

ring oscillator propagationdelay timesaugurshigh yields. Thus

it canbe saidthat yield andreliability arewell establishedfor 10

Gb/s IC applications.

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

References

T.Mizurani, M.Ida, and M.Ohmori, “An 80 ps Normally Off GaAs
MIZWET Logic,” Digest of IEEE/M’IT-S First Speciatty Conference
on Gigabit Logic for Microwave Systems, pp.93-101, 1979.

N.Yokoysrna, T.Mnura, M.Fukura, and H.Ishikaws, “A Seti-atigned
Source /Drain Planar Devices for Ulmahigh-Sfx?ed GaAs MESFET
VLSIS,” 1981 International Solid-State Circuit Conference, pp.218-
219, 1981.

K.Yarnasaki, K.Asai, T.M1zutarri, and K.Kumnrada, l’Setf-Aligned

Implantation for n+ layer Technology (SAfNT) for High-Speed GSAS
ICS,” Electron. Lett., vol. 18, no. 3, pp. 119-121, 1982.

K.Yarnasaki, N.Kate, Y.Matsuoka, and K.Ohwada, “EB-Writing N+

Self-atigned GaAs MESFETS for High-Speed LSIS,” IEDM
Tech.DLg., pp,166-169, 1982,
Y.Hosono,Y.Kurasima Y.M1~ S.Ichikawa, K.U@ H.Hirayama,
K.Uetake, T.Furotso@ and H.Kobzu, “A 5 Gb/s GaAs Monolitfdc
Master -Slave D-type Ftip Flop IC,” GSAS IC Symp. Tech. Dig. pp
205-208, 1987.

H.Hamano, I.Amemiya, Y.IharrL H.Onodera, T.Onodera, and
S.Shimizu, “8 Gbir/s GaAs logic ICS for Optical Fibre
Communication Systems,” Electron. lett., vol. 24, no.2A,

pp.1522-1523, 1988.
K.Ishida, T.Matsunaga, S.M1yano, A.Kameyama, and N.Toyoda, “A 5
Gb/s 4 Bit Shift Resister with 0.5~ WNx-gate GaAs MESFETS,”
The 20tfr Conference on Solid State Device and Materials Dig.,
pp.129-132, 1988.
K.Ishida H.Wakirnoto, K.Yosftihariz M.Konno, S.Shimizu,
N.Uchitomi, and N.Toyoda, “ 12 Gb/s GaAs 2-bit Multiplexer /
Demultiplexer Cfdp Set for the SONET STS-192 System,” GaAs IC
Symp.Teeh. Dig., pp.3 17-320 1989.
M.Shikat~ K.Tanaka, K.Inokuchi, Y.Sane, and M.Akiwna. “An

Ultra-High Speed GaAs DCFL R“ip-Flop MCFF ( ~ernory dell type

~lip ~lop ),” GSAS IC Syrnp. Tech. Dig., pp.27-30 1988,

(10) M.Ohhat& Y.Yamane, T.Enoki, S.Sugifani, N.Kate, and
M.Hiray~. “ 11 Gbit/s Multiplexer and Demultiplexer using

0.15P GaAs MESFETS,” Electron. Lett., VOL26, no.7, pp.467-
468, 1990.

(11) M.Togashi, M.Ohhata, K.Murara, H.Kindoh, M.Irro, M.Suzoki, and
Y,Yamane, “ 10 Gb/s GaAs MESFET ICS for Ultra High-SWed

Transmission Systems”, GSAS IC Syrnp. Tech. Dig., pp.49-52,
1990.

(12) M.Obhata, Y.Yamane, T.Enoki, S.Sugitani, N.Kate, K.Hagimoto, and
M.Hirayama, “ 13 Gb/s D-type Ffip-Flop IC using GaAs MESFETS,”
Electron. Lett., VO1.26, no.14, PP.1039-104O, 1990.

(13) SFujitaj Ylrrai, Y.Yamane, and H.Fuxbimi, “DC -10 GHz Mixer
and Ampl~ler GaAs ICS for Coherent Optied Heterodyne Receiver,”
LSSCC Dig. of Tech. Papers, pp.122-123, 1991.

(14) E,Sano, N.Ishibara, H.Kikuchi, artd Y.Yatnane, “A 10 Gb/s GaAs

MESFET Equtilzer IC Module: 1991 Symposium on VLSI circuits,
to be presented.

(15) K.Yarnasafd, K.Asai, and K.Kuromado, “ht% LSI Directed

MESFET’S with Self-A~med implantation for N+ layer Technology

(SAINT),” IEEE Trans. Electron Devices, vol. ED-29, no. 11,
PPS772-1777, 1982.

(16) T.Enoki, K.Yamasaki, K.Osafune, and K.Ohwa&, “Advanced GaAS
SAINT FET Fabrication Technology and its Application to above 9

Gf-fz Frequency Divider,” The 17th Conference on Sotid State Devices
and Materiats Dig., pp.413-416, 1985.

(17) T.Enoki, K.Yamssaki, K.Osafune, and K.Ohwa& “0.3 ~ Advanced

SAINT FETs havhrg Asymmetric I@-layer for Uhra-High-Frequency
GSAS MMIC’S: IEEE Tram Electron Devices, VOI.ED-35, no. 1,

pp.18-24, 1988.
(18) Y.Yamane, T.Enoki, S.Sugitani, and M.Hirayarru+ “5.9 ps/gate

Operation with 0.1 pm Gate-Length GaAs ME.WET’S,” IEDM Tech.

Dig., pp.894-896, 1988.
(19) J.Nagarto, K.Ogaw~ H.Sugawma, and M.Hirayatrq “Reliability

Evacuation of GaAs MESFETS and ICS,” Proceedings of the
international symposium for testing and failure rmatysis 89, pp.329-
334, 1989.

516


